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Abstract

Thisisareply to Buckeridge & Aidar's (2002) Point of View on the possible usefulness of GMOs (genetically modified
organisms) built to increase carbon sequestration, and Plant Gene Therapy (PGT), particularly in rain forests, as future
toolsto reduce excessive atmospheric C O,. We argue that the dternatives to carbon sequestration they presented should
not betreated as scientific or palitical priority, sincetheir arguments have major ecological and socio-palitical flaws, such
as ecological unpredictability, the existence of an aready high potential for carbon sequestration by native non-
mani pul ated plants, and therel evance of scientificand political sovereignty inregardtotheglobal changeissue.
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Resumo

Estaéumarespostaao PontodeVistadeBuckeridge& Aidar (2002) sobreapossivel utilidade de organismosmodificados
geneticamente para aumentar o sequestro de carbono atmosférico e de Terapia Génica Vegetal, particularmente em
florestas tropicais chuvosas, como futuras ferramentas para reduzir dioxido de carbono em excesso na atmosfera. NOs
defendemos o argumento que as alternativas apresentadas naquele artigo ndo devem ser tratadas como prioridades
cientificas ou politicas, umavez que pecam por ndo considerarem importantes aspectos ecol 6gicos e socio-politicos, tais
quaisimprevisibilidade ecol 6gica, a existéncia de um grande potencial de sequestro de carbono por plantas nativas ndo-
manipul adas, earel evanciadasoberaniacientificaepoliticano que serefereao temadasmudancgasglobais.

Palavras-chave: Estresse Ambiental, Floresta Tropical Chuvosa, | ntegragéo Ecol 6gica, Mudancas Globais, Seqliestro de
Carbono, TerapiaGénica
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Introduction

Science helps to solve practical societal problems.
Ecological science, despite some scepticism (e.g., Peters
1991), has been increasingly solving problems related to
applied issues such as biological conservation, restoration
and management (Pickett et al. 1994). However, Ecology is
still a young science as compared for instance to Physics
and, as such, faces many problems related to theoretical
formulation and methodological soundness (see Shrader-
Frechette & McCoy 1993, Murray 2001). For instance,
Foucault (1972) refers to biological disciplines as “ still
imprecise disciplines that are perhaps doomed for ever to
remain below the threshold of scientificity”. Thus,
theoreticall and methodological problems have to be
tackled since they impede or at |east reduce the predictive
power of Ecology, therefore reducing its ability to solve
problems within alarge spatio-temporal scale framework,
such as global environmenta change. Pickett et a. (1994)
argue that theoretical advancement followed by practical
application will only be achieved through “ecological
integration”, as they call it. One can think of ecological
integration as operating at two major levels: (@) inward
integration, where scientists succeed in integrating the
different hierarchical levels of ecological science
(molecules, cells, organs, organisms, populations,
communities, landscape, biogeography); and (b) outward
integration, where scientists succeed in integrating
Ecology as a whole to non-biological sciences, more
notably social and political sciences.

Buckeridge & Aidar (2002) call our attention to
global environmental change, a major ecological, social
and political problem that requires solving. They
appropriately highlight all the controversies surrounding
global change theory, and develop their paper based on
which is probably the most likely of two alternatives, i.e.,
that current rising of atmospheric CO, and temperature is
man-induced and may bring disastrous consequences to
life on Earth as we know it. The authors do not follow the
other hypothesis, that current changes are within the
variahility expected, and thusareacommon climatol ogical
event in Earth's geological history. The existence of these
two hypothesesin itself is evidence of the premature stage
of current ecological theory in order to predict one or
another outcome. Of course, that should be no reason to
discourage scientist to pursue the first hypothesis and
search for alternativesto prevent this problem. Buckeridge
& Aidar eloquently did so and approached the problem
withintheintegration perspective.

They reported some recent success in producing
genetically modified organisms (GMOs) and of Plant Gene
Therapy (PGT). They expressed the viewpoint that genetic
modification of rainforest treestoincreasetheir capacity to
sequestrate carbon should be considered as a future
alternative to control the current rise of atmospheric CO..
Despite the intrinsic scientific interest of the information
they presented, we argue that their viewpoint about the
possi ble applications of thisapproach hastwo major flaws:

(@) anecological flaw, which consistsof an over-simplistic,
although integrative approach (ecophysiology, genetics,
agro-forestry are some of the fields integrated by them),
since it fails to acknowledge important spatio-temporal
ecological processes at population, community and
landscape levels, and (b) a socio-political flaw, which
consistsof not attempting to pursue an outward integration
to social and political sciencesthat at the present stage are
likely tobemorerelevant tothisissue.

Ecological Flaws

Buckeridge & Aidar (2002) statethat ‘our goal hasto
be to find ways to sequestrate carbon with higher
efficiency’, and that the use of genetically modified trees
with enhanced capacity for carbon assimilation can help us
achievethisgoal. Evenif we assumethisgoal aslegitimate
(see Socio-political flaws below), we see two major
ecological flaws in their argument: (1) at present, with
native plants as they are, there are no available models to
explain or predict Brazilian ecosystem function in a
changing environment, nor to predict the variation in
magnitude of ecological processes along gradients of
environmental stress; so genetic changes would comewith
a high level of unpredictability; (2) there are accounts of
Brazilian specieswith agreat intrinsic capacity for carbon
assimilation, despite growing in resource-poor and
stressful environments such as cerrados, restingas or rocky
outcrops (Prado & Moraes 1997, de Mattos 1998, de
Mattos et al. unpublished data); this can be seen as
indication of an already great natural potential for carbon
assimilation. Buckeridge & Aidar (2002) acknowledgethe
premature status, unpredictability and the dangers related
to the application of their proposal and our aim in this
sectionisto highlight, based on thesetwo ecol ogical flaws,
someof therisksrelated tothistypeof practice.

Ecological Unpredictability

The current absence of a clear theoretical
understanding of ecosystem function in tropical
environments limits the application of techniques like the
one proposed by Buckeridge & Aidar. We trust that this
theoretical vacuum isdueto an overall absence of effortsto
link different spatial and temporal scales and different
organisation levels of biological systems. Although they
attempted to integrate levels, as mentioned in our
Introduction above, comprehensively they failed to
account for many relevant hierarchical interactions. For
instance, genetically modified trees (organism level),
constructed to increase carbon sequestration, could
possibly develop as a side effect |eaves with high nitrogen
content (biochemical level). If this is so, falure of the
bottom-up control of population growth of herbivores
could bein order along with theincrease in decomposition
rates (population and community level). Major insect
outbreaks and the increase in mineralization rates could
result in unpredictable changesin energy transfer and flow
between trophic levels and decrease the potential for
carbon storage (ecosystem level) and imply inirreversible
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damages to the natural system (see Crawley 1996). This
outcome would then result in smaller canopy cover, a
consequent decline in productivity and, finally, a decrease
in overall carbon sequestration and storage. This example
shows how the absence of atheoretical framework limits
our application of some management toals. Inthiscase, the
initial intention of increasing carbon sequestration would
be twisted into just the opposite of the origina goal.
Moreover, a new problem would have to be dealt with:
abnormally highinsect populations.

Other examples of unexpected outcomes of genetic
manipulation are likely to appear, if we only consider the
ecological roles of species in the ecosystems. The
usefulness of ecosystem services, such as carbon sink and
storage, iswell known (Vitousek et al. 1997, Tilman 1999),
and aso how some species alone can be directly
responsible for the overall functioning of a given
ecosystem (Lawton 1994, Brown 1995, Tilman 1999). In
addition to diversity, species composition also matters
(Tilman 1999). Thus, depending on the intrinsic buffering
capacity of a given pool of species, changing conditions
and resource availability may modify the physiognomy
and function of ecosystems in a future world (Korner
2000). In Brazil, although some attempts have been made
to pinpoint such keystone species (Scarano 2002), species
roles in ecosystems are still largely unknown. Moreover,
spatial and temporal variations are also likely to occur in
regard to the functional role of agiven species (Scarano et
a. 2001). Itisreasonableto assumeat thisstagethat genetic
manipulation to increase carbon sequestration may affect
the very basis of ecosystem function, i.e, species
composition and speciesinteractions.
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Alternatively, we have been developing a model to
explain and hopefully predict the effects of atmospheric
CO, enrichment and global climate change in ecological
hierarchies and their interactions (Figure 1). The main
premise of this modd is that productivity and carbon
storage of an assemblage of species are processes which
integrate ecosystem responses to the constraints imposed
by climate and soil, species composition, diversity and
biological interactions, historical use and current
anthropogenic nutrient load, mainly nitrogen. However,
our own research and that of other Brazilian scientists has
been focusing on only a few of the various aspects
presented inthismodel. Of course, we arefar from arobust
theoretical construct and more research effort will be
needed to accomplish thistask, particularly in quantifying
the relative effects of variability in spatial and temporal
scales along gradients of environmental stresses on
ecosystem properties related to productivity,
decomposition, species diversity and biological
interactions. As pointed out by Buckeridge & Aidar
(2002), it may then be too late for sound conservation and
management initiatives to be undertaken, but that should
not discourage functional ecology studies nor be an excuse
to premature manipulation at themolecular level.

Thenatural ecophysiological potential

The second ecological flaw of Buckeridge & Aidar's
(2002) is related to the fact that they have overlooked
recent studies showing some relevant information
regarding plant survival under adverse environmental
conditions for different Brazilian vegetation types
(Scarano & Franco 1998, Scarano et al. 2001, de Mattos et
al. 2002, Scarano 2002). Plants from poor and stressful
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Figure1: General Path Model or Hypothesised Causal Relationships between Scales, Processes and Ecological Hierarchiesthat Should be Affected by

CO, Enrichment of the Atmosphereand Global Climate Change.
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environments are able to survive by showing a
constellation of attributesthat may confer agreat resistance
to environmental stresses but negatively affect
photosynthetic carbon assimilation (Chapin et a. 1993).
Thus, more important than achieving high photosynthetic
rates are the intrinsic abilities to cope with environmental
stresses. Curiously, however, recent studies show
unexpectedly high carbon assimilation rates of Brazilian
plantsin resource-poor environments during non-stressful
periods (Prado & Moraes 1997, de Mattos 1998).
Moreover, some native species are able to recover rapidly
from environmental stresses and also have the capacity to
maintain a higher carbon balance over periods of
favourableconditions(deMattoset al. 2002).

It seems as the example above indicates that
Buckeridge & Aidar neglected another important topic of
current photosynthetic research, namely how plants
dispose solar energy in excess to drive photosynthesis
under stressful conditions (de Mattos 1998, Scarano et al.
2001, de Mattoset a. 2002 and referencestherein). In situ,
speciesrespondtoamultiplicity of stressconditions, which
regulate population performance in dynamic
environments. In a global change scenario, rise in
atmospheric CO, would be only one of many other possible
stress factors. Fortunately, it seems that light stress alone
may be used to study the convergent effects of multiple
environmental factors on the short and on the long-term
patternsof leaf carbon balance (de Mattos 1998).

Socio-political flaws

Buckeridge & Aidar (2002) admit that reducing CO,

emissionisno trivial task, sinceit would mean achangein
the current economic paradigm. They correctly assess that
the highest CO, emissions in the world come from the
United States of America (USA), who are unwilling to
decrease economic and industrial activity contrary to the
pleaof alarge group of Nationswho signed the Agenda 21
inthe Rio 1992 meeting. Indeed, USA along with the other
developed nations, add up to only 20% of the world's
population, consume no less than 80% of all the energy
produced in the world and generates 80% of the pollution,
including greenhouse gases (additional discussion on the
new Tragedy of the Commons and related topics can be
foundat:
http:// members.aol .com/trajcom/private/trajcom.htm.
It isquite clear then, that if the global change hypothesisis
correct, thisismostly dueto the lifestyle of the population
of only afew out of some 190 countriesintheworld. Would
it be politically saneto offer Brazilian treesin some sort of
genetic sacrifice to absorb excessive CO, produced by
other nations? Other than that, this act itself would further
contribute to the perpetuation of an economic model that,
Buckeridge & Aidar (2002) agree, should change. For
instance, companies with the technology to produce
reagents and equipment necessary to perform such alarge
genetic enterprise al stand north of the Equator, on the
west.

We saw there amajor socio-political flaw in their
assessment. The acknowledgement of political facts
presented by the authors turned the scientific alternative
proposed intherest of the paper even moreincoherent and,
indeed, politically out of context. Basicaly, the authors
assume that it shall be easier in the near future to
genetically transform Brazilian treesto absorb higher rates
of CO, than it should beto politically convince the world's
highest CO, emitter, the USA, to slow down their economic
and industria activities! The authors compare the current
economic system to “a transatlantic cruise ship, which
may break and hurt lots of people if changing directions
takes place too quickly” . Can this not be said of ecological
systems as well, where changes in direction often break
down the system and hurt lots of people and other beings?
Indeed, Ecology and Economics resemble each other also
in the fact that they have low predictive power (Shrader-
Frechette& McCoy 1993).

Scientists and policy-makers make choices and
establish prioritieson adaily basis, and global issues such
as environmental change should be analysed from a very
broad perspective. In addition to presenting ecological
flaws, Buckeridge & Aidar's (2002) paper also assumed as
an unchangeable fact the major socio-political problem
that surrounds the global change issue. The scientific
resultsthey reported are of utmost interest and clearly their
goa was to provide tools to tackle a problem in case we
have to face it. However, we believe, or else, hope, that in
the present formulation it is an unlikely priority to be
pursued scientifically and/or politically.

Final remarks

Lawlor (2002) summarizes our ecological
considerations above in the following statement:
“ Changing C- or N-assimilation requires modificationsto
many processes to effect improvements in the whole
system; genetic engineering/molecular biology alterations
to single steps in the central metabolism are unlikely to
achievethis, becausetargetsare unclear, and al so because
of the complex interactions between processes and
environment” . It is comforting, however, that if global
change turns out to be a fact, either man-induced or not,
there are many plant species that will be able to adjust,
survive and persist under a new environmental scenario
(Scarano et a. 2001, Scarano 2002). For instance, along
with changes in CO, concentration, changes in the
hydrological cyclemay expose speciesin the near futureto
warmer and drier conditionsin some places and wetter and
prone to inundation in others. Some species are naturally
capable to adjust to such changes, and it seems that many
Atlantic rain forest species have done so in a recent
geological past when they colonized lowland swamps and
restingas (Scarano 2002). Therefore, understanding
species plasticity and stress-persistence may help predict
the capacity of given plant community to buffer or survive
under more extreme conditions. Lawlor (2002) also argues
“unlessthis (i.e., the relevance of ecological interactions)
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is rapidly appreciated, the current loss of plant
biochemical and physiol ogical expertisein many countries
in favour of molecular biology, will distort the knowledge
base”. Indeed, this should be a major concern to us in
Brazil, sinceit may be aready occurring to key biological
fieldssuch asplant taxonomy.

Buckeridge & Aidar (2002) finalise the paper
with a question to the reader: “if our patient (Earth) is
reallyill, nearlyterminal: shall we usegenetherapyto save
it?” Weanswer yes, aslong as with gene therapy it would
bepossibletoturninsensitivepoliticianssensitive: boththe
politiciansimposing global environmental change upon us,
and those that, out of complacency and lack of political
sovereignty, aretoo lazy or too incompetent to react to the
whimsof our tyrants. Inthemeantime, let our treesbe.
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Abstract

Patches of natural vegetation have been reported to play an important role in the preservation of diversity of natural
enemies of pest arthropods. Euphorbiaceous plants are common in natural and regenerated ecosystemsin the State of S&o
Paulo. Those plants may act as reservoirs of phytophagous mites and their respective natural enemies, both of which are
aso found on cultivated plants of the same family. The objective of the work reported in this paper was to study the
diversity of mite specieson euphorbiaceousplantsinthreeregionsof the State of Sdo Paulo, and to comparethesimilarities
between thoseregionsin relation to the composition of themitefaunathey harbor. A total of 31,603 mitesbelongingto 105
speciesin 74 generaand 16 familieswere collected. Twenty one of those species belong to families composed essentially
of phytophages (Diptilomiopidae, Eriophyidae, Tenuipapidae and Tetranychidae) and 43, to families composed
essentially of predaceous organisms (Ameroseiidae, Ascidae, Cheyletidae, Cunaxidae, Eupal opsellidae, Stigmaei dae and
Phytoselidae). The remaining species belong to families composed of specieswith diverse or inadequately known feeding
habits, which are here categorized as “generalists’ (Acaridae, Eupodidae, Tarsonemidae, Tydeidae and
Winterschmidtiidae). The plants considered in the study were classified in two groups according to the mite fauna they
harbor. Plants of the Group 1 had on the average higher diversity, uniformity and species richness than the Group 2. The
only speciescommonly exploited commercially that was considered in this study, the rubber tree, had high similarity with
theremaining plantsof thesamelocality inwhich they werefound, indicating aflux of mitesbetween the plantsconsidered
inthe study. None of the most important mite pests of rubber treeswasfound on other euphorbiaceous plantsconsideredin
this study. The result of this study may help in the selection of prospective predaceous mites to be tested in applied
biological control projectsfor thecontrol of themajor mite pestsonrubber tree.

KeyWords: Biological control, Acari, Euphorbiaceae, biodiversity, mites, rubber tree.

Resumo

Hamuitosrelatos do importante papel de remanescentes de vegetacdo naturais na preservagéo dadiversidade deinimigos
naturais de artropodes pragas. Plantas da familia Euphorbiaceae s8o comuns em ecossi stemas naturais e regenerados no
Estado de Séo Paulo. Essasplantaspodem agir como reservatérios de carosfitofagos e seusrespectivosinimigosnaturais,
também encontrados em plantas cultivadas damesmafamilia. O objetivo do presentetrabalho foi estudar adiversidadede
espécies de acaros em euforbiaceas de trés regides do Estado de Sao Paulo, e comparar a similaridade entre essas regifes
em rel agdo acomposi ¢cao dafaunade écaros que el as abrigam. Um total de 31.603 &caros pertencentesa 105 espéciesem 74
géneros e 16 familias foram coletados. Vinte e uma dessas espécies pertencem a familias compostas essencialmente por
organismos fitéfagos (Diptilomiopidae, Eriophyidae, Tenuipalpidae e Tetranychidae) e 43, a familias compostas
essencialmente por organismos predadores (Ameroseiidae, Ascidae, Cheyletidae, Cunaxidae, Eupalopsellidae,
Stigmaeidae e Phytoseiidage). As espéci es restantes pertencem a familias compostas por espécies de hébitos alimentares
diversos ou inadequadamente conhecidos, as quais sa0 categorizadas neste estudo como “generalistas’ (Acaridae,
Eupodidae, Tarsonemidae, Tydeidae e Winterschmidtiidae). As plantas consideradas no estudo foram classificadas em
doisgruposdeacordo com afaunade acarosqueabrigam. Plantasdo Grupo 1 tiveram em médiadiversidade, uniformidade
eriquezade espéciesmaisaltasqueo Grupo 2. A Uini caespéci e comumente exploradacomercialmente quefoi considerada
neste estudo, aseringueira, teve altasimilaridade com as plantasrestantes damesmal ocalidade em que foram encontradas,
indicando um fluxo de &caros entre as plantas consideradas no estudo. Nenhum dos &caros praga mais importantes em
seringueiras foi encontrado nas demais euforbiéceas consideradas neste estudo. O resultado deste estudo pode gjudar na
selecdo de provaveis écaros predadores para serem testados em proj etos de control e biol 6gi co aplicado parao controle dos
principai s&caros pragaem seringueiras.

Palavras-chave: Controlebiol 6gico, Acari, Euphorbiaceae, biodiversidade, &caros, seringueira.
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INTRODUCTION

Arguments for the conservation of biodiversity
are generaly related to the risk of extinction of large
animals and certain plant species. Concurrently,
considerable efforts towards conservation have dealt with
organismsof immediate possible usefor food, fiber, source
of medicines, etc. Less noticeable organisms, especialy
arthropods, generally receive little or no attention. This
probably explains the limited attention given to mites in
natural habitatsin Brazil.

Stability of acommunity usually increaseswith
the increasing diversity of organisms in each system
(Andow 1991). Alterations in the natura condition of a
given system may allow ausually rare speciestoreach very
high levels and to cause unpredictable effects (Silveira
Netoeta.1976). Throughtheyears, man hassimplified the
structure of the environment over extensive areas, reducing
the degree of natural biodiversity in explored areas by
promoting the development of a small number of plant
species of economic interest. The extreme is reached in
areas of monocultures, which is instituted for maximum
energy fixation and immediate ease of production (Altieri
1987). Such changes often include the exploitation of
introduced crops, frequently in areas not appropriate for
their cultivation. The result is the establishment of
artificial, unsustainable ecosystems that require constant
human interference. One of the most immediate results of
monocultures is increased plant health problems due to
disruptions of the natural equilibrium between organisms
in natural ecosystemsthat isnormally produced by natural
control (Delucchi 1989, Costa 1993). Natural control is
based on the collective forces of the environment that
maintain the population of a given organism within
historical levels lower than what could occur given its
natural capacity for increase. It includes the action of
climate, depletion or deterioration of feeding resources,
competition and natural enemies (Van den Bosch et al.
1982).

The different degrees of interference in the
environment for the purpose of agriculture produce arange
of disturbances in relation to pest problems that lead
growersto adopt different types of control practices, from
disruptive use of chemical pesticidesto more natural use of
biological control agents. The latter include practices that
promote conservation of natural enemies through the
adoption of adequate agricultural practicesand or adequate
systems management. Proper management of ecosystems
should lead to the maintenance of the genetic variability of
each natural enemy species, which from a pragmatic point
of view could meet present and future needsin pest control
(Lasalle& Gauld 1991).

Conservation of areas of natural vegetation near
cultivated areasmay play animportant roleasastrategy for
the conservation of native natural enemies of agricultural
pests. The former are commonly referred to as “refuge
stations” in the literature. Several studies have shown the
practical importance of refuge areas as reservoirs of these

natural enemies, which periodically move from these
refugiato nearby agro-ecosystems (Altieri 1994). From an
applied point of view, natural enemies of pests find
alternative feeding substratesin refugiathat allow them to
bridge unfavorable periods in nearby crops (Altieri 1994).
From an ecological point of view, some crops may be
temporarily exploited by pestswhich in turn serve as prey
or host for natural enemies (predators, parasites or
pathogens) that live primarily inrefuge areas. Cropsthat do
not support these natural enemies permanently because of
the cropping system involved may thus benefit from
nearby refuge stations (Altieri 1994). Researchers have
shown that both the size of each refuge station and the
distance between them areimportant in the maintenance of
diversity of the natural enemies of pests they contain
(Brown Jr. 1997).

Refuge stations are also important for the
maintenance of little known or unknown natural enemies
of agricultural pests. For different reasons, new pests show
up fromtimetotime, and their control may be dependent on
the natural enemies (predators, parasites and pathogens)
presentintherefugestations.

Some plants of the family Euphorbiaceae are
commercialy important in Brazil and other parts of the
world. One of the most outstanding examplesisthe rubber
tree, Hevea brasiliensis (H.B.K.) M. Arg.. Plants of this
family are common in natural and regenerated ecosystems
in the State of S&o Paulo (Nogueira 1976, Cesar & Leitéo
Filho 1990, Sdlis et a. 1994) where they may harbor
phytophagous mites and their respective natural enemies,
both of which may now or in the future be found on
cultivated plantsof thesamefamily.

Few papers have been published on the mite
fauna of rubber trees. Feres (2000) reported 28 species of
mites in 24 genera and 11 families on Hevea species.
Severe damage caused by mites to rubber trees has been
reported in midwestern and southeastern Brazil. The most
significant damage has been attributed to Calacarus
heveae Feres (Eriophyidae) and Tenuipal pusheveae Baker
(Tenuipalpidae) (Feres 1992, N.J. Ferla & G.J. Moraes,
unpublished). The former species was described from a
large population collected in the State of S&o Paulo, and it
was later found in high numbers in the State of Mato
Grosso (N.J. Ferla& G.J. Moraes, unpublished). C. haveae
was also recently collected from a small leaf sample from
the Amazonas (Feres 2001), which islocated in theregion
of origin of the rubber tree. T. heveae was originaly
described from the State of Para, alsointheregion of origin
of the rubber tree, but it is now known from Goias, Mato
Grosso and S&o Paulo (Pontier & Flechtmann 1999; G.J. de
M oraes, unpublished observation).

It is possible that C. heveae and T. heveae
reached pest status after having been introduced to the
midwestern and southeastern regions of Brazil.
Alternatively, they could have already been present on
other euphorbiaceous plants in those regions, from which
they moved to rubber tree. The study of the mite faunaon
euphorbiaceous plants may help in clarifying the origin of
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these mites as well as of other pest mite species on other
cultivated euphorbiaceous plants. It may aso help in the
identification of prospective natural enemies to be used
against them.

The objective of this study was to evaluate the
diversity of mites on common euphorbiaceous trees in
threelocalitiesof the State of S&o Paulo.

MATERIAL ANDMETHODS

Samplings were conducted in the following
localities: Pariquera-Acu: Estacéo Experimental J. Cione,
of Instituto Agrondmico de Campinas, at 24S 36'50", 47W
53'00"; Cananéia: along Rodovia SP-226, 24S 55'00”,
47W 50'00”; and Piracicaba: campus of EscolaSuperior de
Agricultura Luiz de Queiroz, 22S 42'30", 47W 37'40".
Pariquera-Acu and Cananéia were selected for being
located within a very extensive patch of Mata Atlantica
(forest of the coastal plainin Pariquera-Acu and “ restinga”
forest in Cananéia). Piracicaba was selected for having a
diversity of native and introduced euphorbiaceousplantsas
well as apatch of Mata Atlantica (semi-deciduous forest),
andfor logistical reasons.

The number of plants sampled in each region
varied according to their availability, up to apredetermined
maximum of four plants per locality. A total of 49
euphorbiaceous plants belonging to 12 species in nine
genera were sampled, as follows: Piracicaba: Alchornea
glandulosa Poepp. & Endl. (three plants), Alchornea
sidifolia M. Arg. (one plant), Croton floribundus Spreng.
(four plants), Croton urucurana Baill. (two plants), Hevea
brasiliensis (H.B.K.) M. Arg. clone 527-A (rubber tree,
four plants), Hura crepitansLinn. (two plants), Joannesia
princeps Vell. (four plants) and Pachystroma longifolium
M. Arg. (four plants); Pariquera-Acu: A. glandulosa (two
plants), A. sidifolia (two plants), Alchorneatriplinervea M.
Arg. (four plants), Aparisthmiumcordatum(A. Juss.) Baill.
(four plants), H. brasiliensis clone C7 (four plants),
Sebastiania sp. (four plants); Cananéia: A. triplinervea
(two plants), Peraglabrata (Schott) Baill. (three plants).

Samplings were conducted in April 1998 in
Pariquera-Acu and Cananéia and in June 1998 in
Piracicaba, and consisted of leaves collected up to aheight
of 6 m. Three categories of leaf sizes were defined to
determine the number of leaves to be collected from each
plant species within aregion: small 40, median 30, and
large - 20 leaves. In every case, half of the leaves were
sampled from the distal 5 cm of a branch while the
remaining were sampled from other, non-senescent leaves.
The species in each category were: small leaves. A.
triplinervea and P. glabrata from Cananéia and
Sebastiania sp. from Pariquera-Acu; median leaves. A.
triplinervea from Pariquera-Acu, A. glandulosa and A.
sidifolia from Pariquera-Acu and Piracicaba, C.
urucurana, H. crepitans and P. longifolium from
Piracicaba; and large leaves. A. cordatumfrom Pariquera-
Acu, C. floribundus, J. princeps from Piracicaba, and H.
brasiliensis(from Pariquera-Ac¢u and Piracicaba).

Leaves of each plant were put in a paper bag
which in turn was put in a plastic bag. They were
transported to a laboratory in a cool box (15-21 °C) and
then stored at ca. 10°C for up to aweek before examination
under a stereomicroscope. Mites of the superfamily
Eriophyoidea were collected with a brush while others
were collected with a mite sucking device (Zacarias &
Oliveira 2000). All samples from Pariquera-A¢u and
Cananéiaaswell assamplesof H. crepitansand A. sidifolia
from Piracicabawere processed inthisway. Because of the
very high populations, mites on other plants from
Piracicaba were collected by washing the leaves with
Keifer's sorbitol/alcohol solution (Jeppson et a. 1975),
similarly to what was described by Krantz (1978). For
identification, mites were mounted in Hoyer's medium
except for eriophyoids, which were mounted in amodified
Berlese mounting medium (Jeppson et al. 1975, Amrine &
Manson 1996).

For each species found in large numbers (over
ca. 150individuals), only asubsample corresponding to ca.
10% of the total number collected was mounted for
identification. These mites were counted and the resulting
number was multiplied by 10 for estimation of the
corresponding total number in the initiadl sample. Mite
diversity was determined by Shannon-Weiner index.
Species richness and uniformity of species were
determined by the indices of Pielou (Odum 1988). All
indices were calculated using log,,. Mountford similarity
indices between plant species according to the mite
faunistic composition also were determined (SilveiraNeto
etal. 1976).

Representative specimens of each determined
species were deposited in the mite reference collection of
Departamento de Entomologia, Fitopatologia e Zoologia
Agricola, EscolaSuperior de AgriculturalLuiz de Queiroz,
Universidadede S&o Paul o, Piracicaba-SP, Brazil.

RESULTSAND DISCUSSION

A total of 31,603 mitesbelonging to 105 species
representing 74 generain 16 familieswere collected (Table
1). Twenty one of these species belong to families
composed essentially of phytophagous forms
(Diptilomiopidae, Eriophyidae, Tenuipalpidae and
Tetranychidae) and 43 to families composed essentially of
predaceous forms (Ameroseiidae, Ascidae, Cheyletidae,
Cunaxidae, Eupalopsellidae, Stigmaeidae and
Phytoseiidae). The remaining species belong to families of
diverse or inadequately known feeding habits, which are
here categorized as “generdists’ (Acaridae, Eupodidae,
Tarsonemidae, Tydeidae and Winterschmidtiidae).
Generalists are thought to comprise detritivorous,
algivorous, fungivorous, bacteriophagous and
pollenophagousorganisms (Walter& O'Dowd 1995).

Analysis of the similarities between plant
species based on the mite species they harbor in common
indicated the presence of two groups (Figure 1): Group 1,
composed of the plant species of Pariquera-Acu and
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Figure 1. Aggregation of euphorbiaceous plants (Euphorbiaceae) of tthreelocalities of the State of SAo Paulo (Cananéia= CA, Pariquera-Agu= FAand
Piracicaba= PI) according to Mountford similarity indicesrelativeto associated mite species.

Cananéia, and Group 2, composed of the plant species of
Piracicaba. The composition of these groups may be
largely afunction of the different abiotic factors prevailing
ineach locality asdetermined by their geographiclocation,
the different plant community composition in each locality
(in addition to the plant species considered in the study),
and/or the influence of the alterations done by man, which
ismoreintensein Piracicabathanin other tworegions.

A distinct subgroup inthe Group 1 was evident,
and comprised by the plant speciesP. glabrata, Sebastiania
sp., H. brasiliensis, A. glandulosaand A. triplinervea (from
Cananéia and Pariquera-Acu). The predaceous phytoseiid
mite Typhlodromips cananeiensis Gondim Jr. & Moraes
wasfound on all plant speciesin thissubgroup, and only on
those plants. Concurrently, this was the most abundant
predator on H. brasiliensisof the Group 1. A. cordatumand
A. sidifolia were distinct within the group, in having the
highest proportions of exclusive mite speciesin the group
(35.0% and 21.1%, respectively)(Table 1).

Two subgroupswere distinguished in the Group
2. Thefirst wascomposed of C. floribundus, C. urucurana,
A. sdifolia and A. glandulosa, and the second of P.
longifolium, H. crepitans, J. princeps and H. brasiliensis.
The phytoseiid Amblyseius neochiapensis L ofego, Moraes
& McMurtry was found on al plants of thefirst subgroup,
and only on those plants; the phytoseiids Typhlodromina

camelliae (Chant & Yoshida-Shaul) and Euseiuscitrifolius
Denmark & Muma were collected on all plants of the
second subgroup, and exclusively on those plants; T.
camelliae was the most abundant predaceous mite on H.
brasiliensisof the Group 2.

The main factors determining the two
subgroups within the Group 2 seem to be related to the
precise location from where the samples were collected.
The first subgroup corresponded to plants of natural
remnants along the “Piracicamirim” stream, while the
second subgroup included plants grown in the park of the
campusorinastandof H. brasiliensis.

About 10 times more mites (N) were found in
the Group 2 than in the Group 1 (Table 2). However, a
statistical comparison between these numbers is not
appropriate because of the methodology used in the study.
Despite such difference, the number of species (S) was
about the same for both groups; also similar were the total
numbers of predaceous specimens and species (N, and S)
in each group. The total numbers of phytophagous
specimensand species (N, and S) were considerably larger
in the Group 2. Despite having higher total numbers of
generalist specimens (N,), the Group 2 had lower numbers
of generalist species(S).

For the Group 1, 8.7% of the species were
classified as phytophagous and 52.0%, as predators,
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whereas for the Group 2, 72.9% e of the species were
classified as phytophagous and 4.8%, as predators. In the
latter group, most of the phytophagous species belonged to
the family Eriophyidae. Generalist species comprised
39.4% in the former and 22.4% in the latter group. The
larger proportion of predaceous species for the Group 1is
related to the low absolute numbers of generalist and
(mainly) phytophagous mites collected on those plants, in
comparison to what was observed for the Group 2.
Practically the same absol ute numbers of predaceous mites
wereobservedin both groups.

Looking specifically at H. brasiliensis (rubber
tree), phytophagous and predaceous species consisted of
29.5 and 6.0% in the Group 2, and 11.3 and 27.6%, in the
Group 1, respectively; the proportion of generalist species
was about the same in those groups (64.5% and 61.1%,
respectively).

The differences between groups is apparently
much smaller in relation to the biomass of the mites
collected. The predominant predaceous mites collected
represented the family Phytoseiidae, whose
representatives are much larger than the predominant
phytophagous mites which, in Piracicaba, belonged to the
superfamily Eriophyoidea. Although not quantified, the
microflora (lichen, moss) was notably more abundant on
theleavesof plantsof the Group 1. Thisdifferencemight be
related to the larger diversity of generalist mites in that
sample series. However, the number of generalist
specimenswasnot larger.

Mite species diversity indices (H) of the plants
of the Group 1 and Group 2 varied from 0.80 to 1.25 and
from 0.22t0 0.92, respectively. The diversity of theformer
(1.54) wasconsiderably higher thanthat of thelatter (1.12).
Only A. glandul osa of thelatter had higher diversity thana
couple of plants of the former. In the Group 1, A
glandulosa had the highest mite diversity (1.25). Most of
thedifferencewasrel ated to thegeneralist mitespecies(H,)
(Table2).
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Uniformity (e) and species richness (d) were
also higher for plants of the Group 1 (Table 2). Again,
similarly to what was observed in relation to species
diversity, most of the difference was related to the
generalist mitespecies(e,and d,, respectively).

Mite species richness could be expected to be
higher on plants of the Group 2 because of “border effect”
(Odum 1988, Brown Jr. 1997); sampled plantsof thisgroup
were located in fragmented woody areas, in contrast to
plants of the Group 1, located in extensive woody areas.
However, considering the plant species occurring
concurrently inboth groups (A. glandulosa, A. sidifoliaand
H. brasiliensis), this was not observed. Such aresult does
not necessarily negate with the border effect principle,
which is normally evaluated by contrasting species
diversity and richness along the edges and within a given
plot.

All plants of the Group 1 had dominance-
diversity curves with less pronounced inclination (Figure
2a-g), indicating higher diversity and lower dominance of
particular mite species over others. On rubber trees from
Piracicaba, 85% of the collected specimensreferred to just
two species, the tydeid Lorryia sp.1 and the eriophyid C.
heveae (58,2 and 27% of the total, respectively); on the
same plant species from Pariquera-Acu, only 50.2% of the
specimens collected referred to the two most abundant
species, the tydeid Lorryia formosa Cooreman and the
phytoseiid T. cananeiensis (29.7 and 20,5% of the total,
respectively).

The lower diversity and the more pronounced
inclination of the dominance-diversity curvesfor plants of
the Group 2 (Figure 2b-d and 2h-lI) suggest a higher
disturbance in that region. This is clearly the case. The
campus of Escola Superior de AgriculturaLuiz de Queiroz
is situated in a woody area surrounded by the city of
Piracicaba on one side and sugarcane fields on the others.
Small, sparse patches of native vegetation are found in
Piracicaba and the surrounding municipalities, which are
largely covered by sugarcanefields.
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Figures 2. Dominance-diversity curves of mite species collected on euphor biaceous plants (Euphorbiaceae) in three localities of the Sate of Sio Paulo

(Cananéia, Pariquera-Agu and Piracicaba) in 1998.

Natural stress (extreme meteorological
condition, for example) or the stress resulting from human
activities tend to produce more pronounced inclination in
dominance-diversity curves. Thus, such curvescan be used
to estimatethe effect of disturbance onthecomposition of a
community (Odum 1988). In places where the stressing
factors are stronger, diversity tendsto be reduced, i.e., the
number of specimens of the dominant species tends to
increase, whilethe numbers of speciesand of specimens of
therarer speciestendtodecline(SilveiraNetoet al. 1976).

The rubber tree was the only plant species
studied that is presently grown commercially. Most of the
commercia exploitation of this species in Sdo Paulo is
done in the northwestern part of the State, which is more
similar to Piracicaba than to the Pariquera-Acu region in
relation to level of human interference. None of the known
species of mites considered to be pests of rubber tree was
found in this study in any of the sampled plants. A few

specimens belonging to the same genera as the two most
important mite pests of rubber treein Brazil, C. heveaeand
T. heveae were collected on A. cordatum and C.
floribundus, respectively. However, they represented other
species(Table1). Although we did not find any alternative
host to those two pest species, it is still possible that other
euphorbiaceous plants found in S&o Paul o but not sampled
inthisstudy could serveashost to C. heveaeand T. heveag
from which themitescould have movedto rubber trees.
The results of the present study indicated that
fewer problems with phytophagous mites on rubber trees
would be expected to occur in the Pariquera-Acu region as
a consequence of an expected higher influx of predaceous
mites from the surrounding vegetation. This suggests that
reforestation could significantly contribute to a more
natural control of serious mite pests of rubber treesin Sdo
Paulo State. Theresultsmay also be useful for the selection
of predaceous mites to be considered for use in applied
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biological control projectsagainst rubber treemite pests.
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Mitetaxa

O
8
3
@
QD

Pariquera-Acu

Piracicaba

A. triplinervea
P. glabrata

A. glandulosa
A. sidifolia

A. triplinervea

A. cordatum
H. brasiliensis

Sebastiania sp.

A. glandulosa

A. sidifolia

C. floribundus

H. brasiliensis

C. urucurana

H. crepitans

J. princeps
P. longifolium

Acaridida

Acaridae:
Neotropacarus sp.

Winterschmidtiidae:
Czenspinskia sp.
Oulenzia sp.

31

59

139
730

53

13
18

26

12

Actinedida

Cunaxidae:
Cunaxa sp.
Cunaxoides sp.
Neocunaxoides sp.
Pulaeus sp.
Scirula sp.
Scutopalus sp.

Cheyletidae:
Cheyletia sp.

Stigmaeidae:
Agistemus sp.
Eryngiopus sp.
Ledermuelleria sp.
Zetzellia sp.

Eupalopsellidae:
Exothorhis sp.

Eupodidae:
Eupodes sp.

Tarsonemidae:
Daidalotarsonemus sp.
Fungitar sonemus sp.
Tarsonemus (T.) sp.
Xenotarsonemus sp.1
Xenotar sonemus sp.2
Xenotarsonemus sp.3
Xenotar sonemus sp.4
Xenotarsonemus sp.5

Tenuipalpidae:
Brevipalpus sp.
Tenuipalpus sp.

Tetranychidae:

Allonychus reisi Paschoal
Eutetranychus banksi (McGregor)
Neotetranychus sp.

Oligonychus gossypii (Zacher)
Oligonychus sp.

Tetranychus (T.) sp.

Diptilomiopidae:
Asetadiptacus sp.

10

20

19

13

15 102 3

89

65

21
22

21

22

15

148

3102

26

24

302

539

440

350

17

1

247

17

10 69

29

15

38
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Diptilomiopinae (sp.1)

1068

Mite taxa

O
8
8
(0N
@

Pariquera-Acu

Piracicaba

A. triplinervea

P. glabrata

A. glandulosa

A sidifolia

A. triplinervea

A. cordatum

A. glandulosa

A sidifolia

C. floribundus
C. urucurana

Sebastiania sp.

H. brasiliensis

H. brasiliensis

H. crepitans

J. princeps

P. longifolium

Eriophyidae:

Calacarus heveae Feres
Calacarus sp.
Epitrimerus goniathrix Micos & Flechtmann
Eriophyes sp.
Eriophyidae (sp.1)
Paraphytella sp.
Paraphytoptus sp.
Phyllocoptinae (sp.1)
Phyllocoptinae (sp.2)
Shevtchenkella sp.
Tegonotus sp.

Tydeidae:

Afrotydeus sp.

cf. Homeopronematus sp.

cf. Krantzorryia sp.

Lorryia formosa Cooreman
Lorryiasp.1

Lorryiasp.2

Lorryiasp.3

Lorryiasp.4

Lorryiasp.5

Lorryia sp.6

Lorryiasp.7

Lorryiasp.8

cf. Lorryia sp.

cf. Metalorryia sp.

cf. Metapronematus sp.
Meyerellinae (sp.1)
Meyerellinae (sp.2)

Neolorryia sp.

Paralorryia shawi (Baker)
Parapronematus acaciae Baker
Pausia sp.

Pretydeus curiosa (Ueckermann & Smith-Meyer)
Pretydeus reticulatus Flechtmann
Pretydeus sp.

Pronematus sp.

cf. Pronematus sp.
Triophtydeus sp.

Tydeus californicus (Banks)
Tydeus costensis Baker

w o ~ Y

11

16

13

71
24

18

39

1341
8351
400 1110
230 200

155 5 2 1
6 3 129 97 391 282

i

859

28

1325

69
712

3
462

187
1412

93
1189

13

Gamasida

Ameroseiidae:
?Epicriopsis sp.

Ascidae:
Asca sp.

Phytoseiidae:

355

13
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Amblyseiulella sooretama (El-Banhawy) 9
Amblyseius herbicolus (Chant) 16
Amblyseius impeltatus Denmark & Muma 1 3 3
Amblyseius neochiapensis Lofego, Moraes & McMurtry 32 8 75 3
Amblyseius operculatus Deleon 14 86 17 8 4

(@)
S
3
[0}
QD

Pariquera-Acu Piracicaba

Mitetaxa

A. triplinervea
P. glabrata

A. glandulosa
A. sidifolia

A. triplinervea
A. cordatum
H. brasiliensis
Sebastiania sp.
A. glandulosa
A. sidifolia

C. floribundus
C. urucurana
H. brasiliensis
H. crepitans

J. princeps

P. longifolium

w
o
N
w
-

Amblyseius saopaulus Denmark & Muma

w
o1
N
N
~
N
~

Euseius alatus Del_eon
Euseius citrifolius Denmark & Muma 1 55 15 1
Euseius ho (DeLeon) 32 26 67 19 31

Galendromimus alveolaris (DeLeon) 2 25

Galendromimus paulista Zacarias & Moraes 19

Iphiseiodes zuluagai Denmark & Muma 66 15 244 7 1 1 1 57
Paraphytoseius multidentatus Swirski & Shechter 1 52 24 17 1

Phytoscutus sexpilis Muma 1 16 8 3

Phytoseius latinus El-Benhawy 6
Proprioseiopsis cannaensis (Muma) 5
Proprioseiopsis dominigos (El-Banhawy) 1 1 5 2 2 19
Proprioseiopsis neotropicus (Ehara) 9 10 4 34 7

Proprioseius retroacuminatus Zacarias & Moraes 56
Typhlodromalus aripo Deleon 1

Typhlodromalus manihoti Moraes 16 24 6
Typhlodromalus peregrinus (Muma) 11
Typhlodromalus sp. 49
Typhlodromalus villacarmelensis Moraes 12

Typhlodromina camelliae (Chant & Y oshida-Shaul) 56 35 2 1
Typhlodromips cananeiensis Gondim Jr. & Moraes 23 7 9 5 107 1
Typhlodromips linharis El-Banhawy 13
Typhlodromips sp. 10 10
Typhlodromus annectens Deleon 13 21 1

Table 1. Number of specimens of each mite taxa (Arthropoda: Acari) collected in 1998 from euphorbiaceous plants (Euphorbiaceae) in localities of the
Sateof SdoPaulo.

http://www.biotaneotropica.org.br


http://www.biotaneotropica.org.br

Mauricio Zacarias & Gilberto Moraes - Biota Neotropica volume (2) - BN00802022002 12

Locality Plant species  Proportion of the N (number of specimens) S (number of species) H (Shannon-Weiner e (Pielou uniformity d (Pielou richnessindex
total second food diversity index) index of species) of species)
habit (%)

Y%y, % %y N N, N Ny S § S § H H, H H e & & g d d d dy

Cananéia A triplinervea 33 2 65 138 45 3 0 12 5 1 6 080 051 000 048 074 073 - 062 514 242 000 256
P. glabrata 42 - 58 33 14 0 19 9 4 0 5 084 052 000 056 0.88 086 - 080 527 262 000 313

Pariquera-Acu A. glandulosa 69 2 29 305 211 5 89 36 16 2 18 125 099 029 091 080 0.82 097 072 14.09 645 143 872
A. sidifolia 66 12 22 269 180 31 58 19 11 3 5 105 076 034 060 082 073 071 086 741 443 134 227

A triplinervea 74 5 21 178 132 8 38 24 13 2 9 121 099 016 078 0.88 0.89 054 082 1022 566 111 506

A. cordatum 57 11 32 1254 714 140 400 40 10 6 24 120 071 065 099 075 071 084 072 1259 315 233 884
H.brasilienss 28 11 61 522 144 59 319 26 10 3 13 099 044 030 073 070 044 063 065 920 417 113 479

Sebastianiasp. 27 1 72 152 41 2 109 20 9 1 10 092 079 000 059 070 082 - 059 871 496 000 442

Piracicaba A. glandulosa 10 54 36 3220 331 1722 1167 33 13 6 14 092 092 042 054 061 0.83 054 047 912 476 155 424
A sidifolia 1 92 7 4797 45 4481 334 15 4 4 7 048 053 032 059 041 088 054 070 380 181 082 238

C. floribundus 4 87 9 11247 488 9789 970 32 14 6 12 052 076 026 062 034 066 034 057 7.65 484 125 368

C. urucurana 1 81 18 1984 24 1599 361 14 5 4 5 046 063 021 030 040 091 034 044 394 290 094 156

H. brasiliensis 6 30 65 1477 89 435 953 18 7 3 8 058 051 026 019 046 060 054 021 536 308 076 235

H. crepitans 6 58 36 2295 132 1340 823 15 6 2 7 050 058 003 022 042 074 009 026 417 236 032 206

J. princeps 7 1 92 511 36 3 472 14 5 2 7 022 057 028 006 019 081 092 007 480 257 210 224

P. longifolium 7 51 42 3221 226 1647 1348 26 11 5 10 064 071 022 023 045 068 031 023 7.13 425 124 288

Eufor biaceous species group

Group 1 52 9 39 2851 1481 248 1122 71 28 9 34 154 112 077 123 083 078 080 080 2026 852 334 10.82

Group 2 5 73 22 28752 1371 20953 6428 67 26 19 22 112 106 087 056 061 075 068 042 1480 7.97 417 551

Table2. Ecological parametersof mitescollected in Cananéia, Pariquera-Acu and Piracicaba, State of S&o Paulo, in 1998.%,: proportion of predaceous
mites; %, proportion of phytophagous mites; %, proportion of generalist mites; N: total number of specimens; S total number of species; H: Shannon-
Weiner species diversity index; e: Pielou species uniformity index; d: Pielou species richness index; subscripts p, f and g indicate the corresponding
indicesfor predaceous, phytophagousand generalist mites, respectively.
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Abstract — This study focuses on the ophiuroids collected during the Programme of Evaluation of the Living
Resources of the Exclusive Economic Zonefor the Brazilian coast (REVIZEE), South Score/Benthos, in the states of Rio de
Janeiro (IlhaGrande Bay), S8o Paulo, Parana, Santa Catarinaand Rio Grandedo Sul (Tramandai) (24° 07,113 Sand 29° 48,500
S; and 43° 46,759 W and 49° 06,800" W). Sampleswere collected on the continental shelf and slope (60-810 m) using the
following equipment: van Veen, box corer and a rectangular dredge. Individuals were identified, measured and photo-
graphed under a stereomicroscope and a scanning electron microscope. Growth series of the speciesthat contributed with
more than 10 individuals were analysed. A total of 5044 individuals were collected and were represented by 29 species,
which belonged to seven families. The most abundant species were Ophiura |ljungmani and Ophiomisidium pulchellum,
which represented 79.7% of the total number of individuals. The analyses and description of species as well as the
organization of the growth series allowed the verification that some characteristics of morphological structuresused for the
identification of the group remain unaltered throughout the life of the organism, whilst others undergo alterations. We
recorded two new occurrencesfor the Brazilian coast: Ophiostriatus striatus and Amphilimnamirabilis. The ophiuroid fauna
is composed of species with wide distribution along the Brazilian coast, such as Ophiothrix angulata and Amphipholis
sguamata, specieswith occurrence restricted to certain areas, such as Ophioleptoplax brasilianaand Nudamphiuracarvalhoi.
Most species were collected within the bathymetry limits previously described for them.

Keywords — taxonomy; Ophiuroidea; geographical distribution; bathymetric distribution; Brazl.

Resumo — Este estudo foca os ofiuréides col etados durante o Programa de Avaliagcdo do Potencial Sustentavel dos
Recursos Vivos da Zona Econdmica Exclusiva(REV I ZEE), Score Sul/Bentos, nos estados de Rio de Janeiro (Baiade llha
Grande), S8o Paulo, Parand, Santa Catarinae Rio Grande do Sul (Tramandai) (24° 07.113' Se29° 48.500' S; e43° 46.759' W e
49° 06.800" W). As amostras foram coletadas na plataforma e talude continental (60-810 m de profundidade) usando os
seguintes equipamentos: van Veen, “box corer” e uma draga retangular. Os individuos foram identificados, medidos e
fotografados em um estereomicroscopio e um microscopio el etrdnico de varredura. Séries de crescimento das espéciescom
mais de 10 exemplaresforam analisadas. Do total de 5044 individuos, foram identificadas e descritas 29 espécies pertencentes
asetefamilias, sendo que as mai s abundantes foram Ophiuraljungmani e Ophiomisidium pul chellum, representando 79,7 %
do total amostrado. A andlise e descricéo das espécies assim como a organizacdo das séries de crescimento, permitiram
constatar que algumas estruturas morfol 6gicas utilizadas para a identificagdo do grupo permanecem inalteradas durante
toda vida do organismo, enquanto outras passam por alteractes. Foram registradas duas ocorréncias novas para a costa
brasileira: Ophiostriatus striatus e Amphilimna mirabilis. A fauna de ofiurdides esta constituida tanto por espécies com
ampladistribuicéo nacostabrasileira, como Ophiothrix angulatae Amphipholis squamata, quanto por aquelas com ocorréncia
restrita a determinadas regifes, como Ophioleptoplax brasiliana e Nudamphiura carvalhoi. A maioria das espécies foi
amostrada dentro dos limites batimétricos ja registrados para cada umadel as.

Palavras-chave — taxonomia; Ophiuroidea; distribuicdo geografica; batimetria; Brasil.
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1.INTRODUCAO

Os Echinodermatacompreendem atualmente cercade
6.600 espéciesrecentes e maisde 13.000 fosseis. Estéo en-
tre os mais diversificados, abundantes e adaptados
organismos damacrofaunabéntica(Hendler et al. 1995).

A classe Ophiuroidea com aproximadamente 2.000
espécies, 250 géneros e 25 familias €, sem dlvida, amais
amplamente adaptada entre os equinodermaos e ocorre desde
regides polares atropicais e da zona entremarés a grandes
profundidades (Hendler 1996). Segundo este mesmo autor,
a importancia do grupo nas comunidades bentonicas é
refletidaem suaabundancia e distribuicéo. De acordo com
Ambrose (1993), tem um relevante papel na ecologia de
comunidades marinhas, mas a dimensdo deste, inclusive
suasinteragdes com outros organi smos, raramentetem sido
verificada. Hyman (1955) atribuiu parte do sucesso do grupo
asuamotilidade, pequeno tamanho e habilidade parautilizar
fendas, espacos sob pedras e outrosrefugios naturais como
protecdo. Ocorrem em diferentes habitats marinhos, com
densidade muitas vezes elevada, devido ao comportamento
gregério de muitas espécies, implicando na existéncia de
uniformidade estrutural por longo periodo de tempo numa
dada area (Monteiro 1987). Na sua maioria, sd0 animais
onivoros e exploram diversasfontes de alimento, incluindo
fitoplancton, zoopl ancton e matériaorgani cadepositadano
fundo ou em suspens&o (Monteiro 1987).

Os ofiurdides foram utilizados na caracterizacao de
comunidades benténicas marinhas, por Thorson (1957).
Estudos desta natureza foram desenvolvidos por Barnard
& Ziesenhenne (1961), naregido sul da Califérnia, com o
objetivo de verificar aimportancia destes animais para a
estabilidade de comunidades marinhas de fundo. Foram
também utilizados como bioindicadores de ambientes
poluidos. Harmelin et al. (1981) encontraram Ophiocomina
nigra em abundancia em uma érea impactada por esgotos
de origem domeéstica na regido de Marselha (Franga),
sugerindo que essa espécie apresenta mel hores condicoes
de vida em ambientes onde ocorre grande concentragéo de
matériaorganica.

Segundo Monteiro (1987), a pressdo de predadores
tem sido considerada entre outros, um dos fatores que
interferem ou controlam a existéncia dos bancos de
ofiurdides. Para Fell (1966), os peixes sdo seus principais
predadores, ignorando até mesmo os espinhos agugados
presentes em algumas espécies. Vannucci (1963), K awakami
(1975), Zaneti-Prado (1978), Allen (1982), Fujita (1996) e
Manso & Farias (1999) avaliaram a participacéo dos
ofiuréides nadietaalimentar de peixes. Capitoli & Monteiro
(2000) sugeriram que esta participagéo esta relacionada
principalmente as altas densidades de ofiurdides
encontradas em algumas regides, uma vez que seria mais
vantajosos para o predador encontrar maior nimero de

organismos em menor tempo possivel.

Estes equinodermos nunca constituiram um
importanteitem comercia parao homem, emboraduranteo
século XVII, ovas destes animais eram consumidas na
Indonésia (Hendler et al. 1995). Segundo estes autores, a0
contrério de outras classes de equinodermos, como
Asteroideae Echinoidea, ndo so utilizados no comércio de
“souvenirs’ ja que sua beleza fragil desaparece quando
Secos.

Os estudos sobre ofiurdides na costa brasileiraainda
sdo insuficientes para se conhecer a real diversidade
existente. Até a metade da década de 80 as pesqguisas eram
frutos de projetos isolados que visavam estudar a ecologia
de grupos especificos. Atualmente ha uma preocupacéo
maior em associar as espécies as variaveis ambientais,
principal mente temperatura, salinidade e tipo de fundo
(Manso & Absaldo 1988, Absaldo 1990, Petti 1997); o que
tém mostrado ser de grande importancia na compreenséo
dadistribuicgo e atividade da fauna.

Até o momento, cercade 100 espéciesde ofiurdides
jaforamregistradas nacostabrasileira, no entanto, amaioria
dos estudos realizados restringem-se a ocorréncia das
mesmas. Os primeiros registros de ofiuréides parao Brasil
foram efetuados por Verril (1868) apud Monteiro (1987) na
regido de Abrolhos. Posteriormente, outros trabalhos fo-
ram publicados, abordando aspectos taxonémicos e de
distribui¢do geogréfica, como os de Tommasi (1965, 19673,
b, 1970, 1985), Lima-Verde (1969), Albuquerque (1978, 1986),
Monteiro (1987, 1990), Monteiro et a. (1992), Tommasi &
Aron (1988), Tommasi et d. (19883, b), Albuquerque & Guille
(1991), Manso (1991), Albuquerqueet al. (2001) e Borges
(2001). Uma sintese sobre o conhecimento dos Echinoder-
matadacostabrasileirado Estado de S&o Paul o € apresentada
por Hadel et a. (1999). InformacBes sobre a biologia e a
ecologia do grupo sdo apresentadas em alguns trabalhos,
entre os quai s devem ser mencionados o de Boffi (1972) que
estudou especificamente os ofiuréides de fital; os de
Monteiro (1987, 1990) que analisou osofiuréidesdo litoral
norte do Estado de S&o Paulo e mais recentemente Heitor
(1996) osdaBaciade Campos(RJ).

Neste trabalho s&o identificados os ofiurdides da
regido sul-sudeste brasileira, analisando as estruturas
externas com auxilio defotomicrografias, que proporcionam
maior precisdo naidentificacéo, j& que estas estruturas sao
de grande importancia para a sistemética do grupo. Foram
também verificadas variacdes nas séries de crescimento das
diferentes espécies, assim como as distribuigdes batimétrica
egeogréfica, ampliando o conhecimento sobre osofiuréides
da costa brasileira. Para tanto, foi examinado material
procedente do ProgramaREV | ZEE - Score Sul/Bentos, um
dos componentes do “ Programa de Avaliacéo do Potencial
Sustentavel dos Recursos Vivos da Zona Econémica
Exclusiva’, que tem como propoésito estudar a fauna
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Figura 1. Mapa da area de estudo e distribuicdo das estagdes com ocorréncia de Ophiuroidea.

bent6nica da plataforma externa e talude continental, para
finsde manutencdo daZona EcondmicaExclusivado Brasil.
Projetos como o Revizee sdo de grande importancia na
conservagdo e gestao dabiodiversidade, por constituirem a
base paraael aboracéo de programas de monitoramento dos
ecossistemas, exploracdo ou preservacéo de espécies
comercia menteimportantes, além daavaliacéo deimpacto
ambientd.

2.MATERIAL EMETODOS
2.1. Caracterizacdo da Area de Estudo

A areade estudo do Programa REV | ZEE Score Sul/
Bentos inclui a regido sul sudeste, entre o Cabo de S&o
Tomé(RJ) eo Arroio Chui (RS), cobrindo aplataformaexterna
e parte do talude, entre as istbatas de 60 a 810 m de

profundidade. Neste trabalho, a érea estudada envolve os
estadosdo Rio de Janeiro (Baiade llhaGrande), S&o Paulo,
Parand, Santa Catarina e Rio Grande do Sul (Tramandai),
compreendendo, respectivamente, aslatitudes24° 07.113'
Se29°48.500' Selongitudes43° 46.759' W e49° 06.800' W
(Fg.0).

De acordo com Figueiredo & Madureira (1999) a
plataformacontinental entre Vitdria(ES) e Arroio Chui (RS)
apresentalarguravariavel, atingindo seu méximo (250 km)
no embaiamento de Sdo Paulo (da Ilha de Sdo Sebastido-
SP a0 Cabo de Santa Marta Grande-SC) e a quebra da
plataformaocorre ao redor de 200 m.

A plataforma externa, a quebra da plataforma e o
talude superior apresentam, ao longo de toda a extenséo
do Embaiamento de S&o Paulo, apresencadevaesecanais,
indicando paraamaior parte daérea, nessas profundidades,
umatopografiabastanteirregular (Mahiques 1998).

O talude continental apresenta c_;rand&s variacoes,
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com é&reas menos inclinadas entre o sul do Estado de S&o
Paulo e o norte da cidade de Rio Grande (Figueiredo &
Tessler 1999), as demais regides, entre Cabo Frio e S&o
Sebastido, apresentam declividades intermediérias (Alves
& Ponzi 1984).

Com relacdo as caracteristicas sedimentol 6gicas,
Furtado & Mahiques (1990) relatam que aplataformaconti-
nental ao norte do Estado de S&o Paulo é marcadapor grande
variabilidade de tipos sedimentol 6gicos, conferindo certo
grau de complexidade ao padr&o de sedimentacdo na area.
Haum dominio de areias finas e muito finas na plataforma
continental.

Segundo Figueiredo & Madureira(1999), aplataforma
continental ao norte da Ilha de S&o Sebasti&o é recoberta
predominantemente por areia. Observa-se pequenas
ocorréncias de provincias de areia lamosa e de lama
cascalhosa. BolsBes de areia lamosa e de lama arenosa
ocorrem naplataformamédiaao largo daBaiade llhaGrande
(RJ). A plataformainterna ao sul da Ilha de S&o Sebastido
apresenta uma ampladistribuicdo de areias, predominando
asareiasfinasemuitofinas (Figueiredo & Tessler 1999). As
lamas predominam sobre toda a extenséo da plataforma
média e externanessaregido, avancando sobre aplataforma
internaanorte dallhade Santa Catarina. Excegdo ocorre na
plataformacontinental médiaao largo daBaiade Paranagua,
ondetem-seumaamplafaixadeareialamosa(Figueiredo &
Madureira1999).

O talude continental entre Cabo Frio e S&o Sebastido
€ caracterizado por uma sedimentacdo lamosa,
dominantemente siltica, cuja fracdo arenosa é constituida
quase totalmente por componentes biodetriticos,
principalmenteforaminiferos (Alves& Ponzi 1984).

2.2. Procedimento e Tratamento das Amostras

Ascoletasdo Programa REV | ZEE-Score Sul/Bentos
foram efetuadas durante os meses de dezembro de 1997 e
janeiro de 1998 nos estados do Rio de Janeiro e Sdo Paulo e
no més de mar¢o de 1998 no Parana, Santa Catarinae Rio
Grandedo Sul.

Para amostragem da macrofauna béntica foram
realizados cinco cruzeiros oceanograficoscom o N/Oc. “ Prof.
W. Besnard” do Instituto Oceanografico, Universidade de
S0 Paulo (I0/USP), baseados em transectos, espacados
em aproximadamente 20 milhas nduticas. Em cadacruzeiro
foram demarcados de dois a seis transectos e um nimero
total de 15 a 29 estacdes oceanograficas (Tabela 1). Estas
variacBes ocorreram devido, principalmente, as condicdes
climéticas e as particularidades morfol 6gi cas do fundo. Em
cada estac&o, sempre no inicio das atividades, foi efetuado
o0 lancamento do CTD para obtencao dos dados
hidrogréficos (profundidade, temperatura, condutividade e
luz).

Apobs posicionamento com GPS foram efetuadas
coletas da fauna bent6nica utilizando-se um pegador van
Veen (0,1 m? de area e com capacidade de 20 1), um “box
corer” (0,1 m? de érea, 30x 30x 60 cm, e541) eumadraga
(bocade 80 x 27 cm de aberturae malhainternaentrenésde
0,5cm). Iniciamentefoi utilizado o van Veen e, sendo esse
lance bem sucedido (minimo de 101 de sedimento amostrado)
procedeu-se o lancamento do “box corer”.

Nas estaces de sedimento arenoso ou areno-lodoso,

ou nas quais ndo houve recuperagéo satisfatoria das
amostragens com van Veen ou “box corer”, efetuou-se o

Crureim Perodo Amea Laditade Longilude N" Radiaiz N Estacbes N* Anwetras Bendimicas
S} (™) CTD wvanYeen  “hox Dieaga
comr’”
550 Paule-Rio de Janein
Calbeagio 13- 11267 Arredores da 25118907 45117107 0z 14 14 g 11
Zantos/SF 23535007 4080007 (B84 - BA5E)
01es 08 - 1410158 Santos/SF & 24071137 427457537 D& 29 22 10 17
Bafa de Tha 25439037 45325787 (01-08) (ER5E — EAEE)
Grande/FJ
nzme 17-22M01828  Santos/SP 3Baia 25145017 457389157 04 20 17 14 04
de ParanamaPE 279091487 qEs7 02T (07-11) (&RER —&705)
Parana- Santa Catanna Fie Crandes &~ TTTTTTTTTTTTTToTTTTTTmsTTsmTEmm T e mmm”
Sul
0558 12 - 1558 Baia de 2851 m0° 4gr18.4700° D& 28 22 20 01
PaanagaPER o 28050007 4eM8.000°  (25-300 (87T -87%)
Cabo de Sarta
MlartalSC
(Y 20- 28508 Cibo de Samta 250146727 4Fa0.889° k) 17 1& 11 a1
MartarC 2 29°42 5007 490’ (31-35 (eBll —E2Z
Tramamdai/FS

Tabela 1. Cruzeiros oceanogréficos, georeferenciamento e nimero de radiais, estagdes e amostras/equipamentos.
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L
Cruzeiro de 13 a 1712847 « Calibrag $o - a0 largo de Sanios

[Fstagio] Latitude Longituds Frof [= Areia [ Sie] v Argi Cha oo
aus | Minuios | {moiros)
[T . ATET | A 1200 1% ar=nasa
5551 25 45 4213 256 5509 | 31| 11,74 Areia sific
BES4 25 45 3450 a0 3033 | SE42 | 1325 Eilte arsnasa
[ 25 45 JaE5 i 2600 | B35 | 11,36 Eilte ar=nasa
BESE 25 45 4750 Ta G468 | 2870 &&2 Areia sific
BEST 25 45 5561 & TEHAES | G590 422 Areia
BE5E 25 47 aam’ 5 9372 | 628 0.0 Areia
Cruzeiro de #a 14401/98 - Sanios {5F) a Baia de llha Grande (RJ)
Exia Latriudse Longitude {¥) Prof  |% Ca CO3| Ll xz=ificag 3o e Aureta | % Sile] % Argi Clazzific
aus|Minuios | Graus | Minuios e ros | Lars onneur HEHEi

[ GGna | =4 | Manar | 23 | 460ad | S5
BEED 24 | 17ETE 45 | 48.498° 4 &3 77 Litabiocddsson G081 | ¥Ed| 1239 Areia sikic
BEET" 24 | 07113 45 | 52198 150
BE64 24 | HE4TS 44 | 05.554° 500
BEES 24 | AE44 44 Ny 258 A7 BiocldsSica
HEGEE 24 17128 ) 44 12.149° 163 80,37 Biocldsion
BET 24 | $1EST | 44 | 2EE 503 5.0 LitabiocldsSion 26 | &5 )| 28485 Eilte argilo=a
BET 1 24 | 32910 44 | 27 46D 260 49 B3 Litabiocdsdon G356 | 2551 1093 Areia sific
BET 2 24 | 27TE 44 | 3UEETT 16E B4 B0 BiocldsSica
BET 3 24 | 17935 44 | 35OEF 133 83,60 Biocldsion
BET4 24 | 31080 44 | 50007 122 43 &7 Lifabiocddsdon 4901 | 4143 958 Areia sific
BET S 24 | 55374 44 | 4057 512 31,93 Lisabiocdsdon 571 | G861 | 3568 Silte argilasa
BETE 24 | 49599 44 | 44 985 153 91,83 Biocdsdon
BET T 24 | 40747 44 | 5022 137 91,50 Biocldsdon
BETH 24 | 4E357 45 11135 100 B7.10 Bialifocld=fon
BETY 25 | 18E74 44 | 52516 B0A
BEA0 25 | 15064 44 | 52885 258 54,30 Bialifocld=fon 275 | M| TH Zilte ar=nasa
55E 1 25 | 11000 44 | 556507 167 75,20 Biocldsion
BEA S 25 | Ga&ET 45 | x2 578 100 23 &7 LitocidsSon 2650 | 55142 | 1837 Silte arsnasa
5584 25 | 43903 45 | ra.s00° 511 207 Lifoc#s8on 4187 | |2 | 2321 Areia silica
BEAS 25 | 41820 45 11 68E" 252 13,30 LitocidsSon 3121 | =857 | 1022 Silte arsnasa
GGH G 25 | 3rax 45 13586 153 &4 50 Biocldsion

a pablemas cam o amosadaor

Tabela 2. Posicionamento e caracteristicas do sedimento (conforme Figueiredo & Tessler 1999) das estacBes oceanogréaficas com

ocorréncia de ofiuroéides.
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Cneeiro de 17 a Z201488 - Santos (5F) a Baia de Paranagua |PR)

e ErRde S | Tongnde AT LT
Graus|Minuios | Graus | Minuios | {metros neur of al {1 Zh
[T | 2r | H.1aH | 3k | drhe | oaz [ Litocasaca TLon | re o | 15644 I%e amglosa
a2 25 | S0E29| 46 | STOM 101 1940 Lifocldsfica M08 | G188 | 1706 Eilte arenam
HELE 26 | 412753 | 46 | 27500 430
BES 26 | 318 46 | 345TF 270
GG 26 | &154° | 46 | 41384 g2 1840 LitocldsSion 19,08 | G175 1917 Silter angilosa
BEIE 26 [ 10807 | 46 | 20048 22 43487 Litohio A stion B0Ad | ME0d | 1302 MApmia sitca
it} 26 | M| 46 | 2238 100 1683 LisocldsSion 14,08 | 5642 | 2920 Silter angilasa
i 26 |03ETT | 46 | 0115Y 3T 2557 Lisocldsfica 17,26 | G147 2128 Silte anglasa
ity 25 | 145617 46 | 03012 a7 1947 Lisocldsfion 11,47 | 7304 | 1549 Silte angiloso
05 26 (00412 | 45 | 38915 £31 2417 Lifocldsficn 2345 | 5595 ) 1361 Silte arenam
Cnzeiro de 12 a 19403498 - Baia de Paranagua (PR a Cabo de Santa Marta | SC)
[Fstagho] Lattude |5 | Longitude (W) | Prol [ Ga GO3 Clas SHiGa gao T Aroia | v Sl Argila | Class 30
Graus]Minuios | Graus [Minuios | (meiros) neur of al | 19562 Shepard |
77T 26 | 51760 | 46 | 18470 500 2583 Litocldsticn fi12 | M| 210 Eilte angilasa
T2 27 | 10850 | 46 | 46800 L] .33 Lisohin A =tica ¥TE | G500 524 Eilta arenam
EFE5 27 | 20050 | 47 | 07&EED 510 F.T0 Litobio i stico 2905 | 50061 | 204 Eilte arenom
ETEE 27 | 28700 | 47 | 09EED 38O &7 40 Biolitoddstico
EFEa 27 | 45850 | 448 | 03000 a5 10,73 LitocldsSicn 2670 | 6133 11487 Eilte arenom
7l 27 | 4920 47 | 04480 500 5473 Biolitoddstico 2653 | B0 | AT |ArglasiSoo amnosay
Era 27 | 4878 | 47 1065 354
|6 28 | 05000 48 | 060001 1010 1527 Lifocldmtica 242 | G142] 14,15 Eilta arenam
Cnzeiro de 20 a 280398 - Cabo de Santa Marta (8C) a Tramandai {RE]
Latituds Longituds iV Prof  |% Ca CO3| € s sifica gho o Mureita | % S boe| % Argil L lass ificag 30
Graus | Minuios Larsonneur of al {198 Sheopard (1954] |
47 | SOGEY L 44977 Litomaciastica 52, G Armia sitca
48 | 41800 103 1203 LitocldsSion 16, 76 Silter angilosa
47 | S0&00 502 4963 Litohio A stion 26,42 Eilte arenam
49 | OE&0D 103 1923 Lifocldsfion 2037 Silte anglaso

Tabela 2. Posicionamento e caracteristicas do sedimento (conforme Figueiredo & Tessler 1999) das estacBes oceanogréficas com
ocorréncia de ofiurdides.
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lancamento dadragaretangular aumavel ocidade aproximada
de doisnds durante cinco minutos. Devido aperdade mate-
rial por entupimento damal ha, adragagem ndo foi utilizada
em fundos lamosos. No total foram coletadas 92 amostras
obtidas com o pegador van Veen, 65 com o “box corer” e 34
com adraga.

Asamostras damacrofaunaforam lavadas com égua
do mar, em peneiras sobrepostascom malhade 1,0 0,5 mm.
Osanimais maiores, previamente separados, foram fixados
em formol a4%; o sedimento retido, em formol a6% e, em
seguida, guardado em camburdes de 50 |, para ser entéo
triado em microscopio estereoscopico. Apos uma primeira
triagem todo material foi fixado em & cool 70%.

Foram realizadas coletas em 107 estacOes (Tabela 1)
e na Tabela 2 estdo reunidos os dados referentes ao
georreferenciamento, profundidade e as analises de
sedimento de 49 das 51 estagcdes com ocorréncia de
ofiuréides.

2.3. Tratamento dado aos Ophiuroidea

Com o auxilio de um microscopi o estereoscopico, 0s
ofiurdides foram separados por estacdo de coleta, e entdo
procedeu-se a identificacdo das espécies, utilizando as
chavesdeFell (1960) e Tommas (1970, 1999), démdeoutras
publicacfes especializadas. Foram analisados todos os
exemplares e paraa caracterizagdo das espécies utilizou-se
0 maior e melhor conservado. O didmetro do disco dos
individuos de maior porte foi medido com auxilio de um
paquimetro digital Mitutoyo CD-6"CS e 0s menores com
ocular micrométrica“Ernst Leitz Wetzlar”. As espéciesfo-
ram fotografadas em um sistemafotogréafico WILD MPS52
acoplado aum estereomicroscopio WILD M5.

Foram analisadas séries de crescimento daquelas
espécies com nimero de individuos superior a 10 (quando
em bom estado de conservagdo) e estas foram também
fotografadas em microscopio eletronico devarredura(MEV).
Pararealizag8o destasfotos, os exemplares de cada espécie
foram retirados do &l cool 70% e secos em placas de Petri.
Posteriormente foram colados aos* stubs” com o auxilio de
fita adesiva dupla face e, em seguida foi realizada a
metalizacdo com ouro. Depois de metalizados foram
colocados no MEV e as fotografados.

O material examinado foi depositado no Museu de
Historia Natural (MHN) da Universidade Estadual de
Campinaseidentificado pelassiglasMHN-BOPH/MB.

3.RESULTADOS

A sistemética da classe Ophiuroidea é ainda muito
discutida. Vé&rias classificagdes foram propostas, como as

deMduller & Troschel (1842), Lyman (1882), Verril (1899),
H.L.Clark (1915) eMatsumoto (1917) apud Hendler (1996).
Spencer & Wright (1966) reconheceram trés ordens de
ofiurdidesrecentes: Oegophiurida(com umaespécieextinta),
Phrynophiurida e Ophiurida. A Ordem Phrynophiurida é
composta de duas Subordens: Ophiomyxina e Euryalina,
caracterizadas pela presenca de um tegumento denso e
espesso. A ordem Ophiurida inclui individuos com
tegumento reduzido e com disco e placas do brago
relativamente robustas. Dentro desta ordem, os referidos
autores reconheceram as Subordens Chilophiurina,
L aemophiurinae Gnathophiurina, que apresentam distin¢fes
baseadas namorfol ogiaesquel éticainterna. Hendler (1996)
em suas consideragoes sisteméticas sobre os ofiuréides
refere-se aduas Subordens: Euryalae e Ophiurae, incluindo
respectivamente os animais com bragos ramificadose osde
bracos simples. A base para esta separacéo foi a natureza
da articulacdo dos bragos, uma caracteristica segundo
Hendler (1996), mal definida. Novos conceitos, com bases
filogenéticas sdo discutidos atualmente. Smith et a. (1995)
publicaram uma andlise cladistica da classe substanciada
em 43 caracteres morfol 6gicos e concluiram que ataxonomia
dos Ophiuroideanecessitade umacompletarevisio. Hendler
(1996) sugere anecess dade de andlises mais compreensivas
e revisdo do conjunto de caracteres utilizados nestas
classificagOes. Neste trabalho foi utilizada a classificagéo
propostapor Spencer & Wright (1966) e seguidapor Hendler
(199).

Do total de 4.969 individuos amostrados, foram
identificadas 25 espéci es, pertencentes asetefamilias, sendo
gue as mais abundantes foram Ophiura |jungmani (52,2%)
e Ophiomisidium pulchellum (28,7%).
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3.1. Listade Taxons

OPHIOMY XIDAE Ljungman, 1866
Ophioleptoplax H.L.Clark, 1911
O. brasiliana Tommasi & Abreu, 1974
OPHIACANTHIDAE Perrier, 1891
Ophiacantha Muller & Troschel, 1842
O. brasiliensis Tommasi & Abreu, 1974
O. cosmica Lyman, 1878
Ophiomyces Lyman, 1869
O. frutectuosus Lyman, 1869
OPHIURIDAE Milller & Troschel, 1840
Ophiomastus Lyman, 1878
O. satelitae Tommasi & Abreu, 1974
Ophiomisidium Koehler, 1914
O. pulchellum (W. Thomsom, 1877)
Ophiura Lamarck, 1801
O. ljungmani (Lyman, 1878)
Amphipholizona H.L.Clark, 1915
A.delicata H.L.Clark, 1915
Ophiomusium Lyman, 1869
O. anaelisae Tommasi & Abreu, 1974
OPHIOLEUCIDAE Matsumoto, 1915
Ophiostriatus Madsen, 1983
O. striatus (Mortensen, 1933)
OPHIACTIDAE Matsumoto, 1915
Ophiactis Lutken, 1856
O. brasiliensis Manso, 1988b
O.lymani Ljungman, 1871
O. savignyi (Muller & Troschel, 1842)
AMPHIURIDAE Ljungman, 1867
Amphilimna Verrill, 1899
A. olivacea (Lyman, 1869)
A.mirabilis (H.L.Clark, 1941)
Amphioplus Verrill, 1899
A. albidus (Ljungman, 1867)
A. lucyae Tommasi, 1971
Amphipholis Ljungman, 1866
A. squamata (DelleChigje, 1828)
Amphiura Forbes, 1843
A. complanata Ljungman, 1867
A. flexuosa Ljungman, 1867
A.joubini Kdehler, 1912
A. mulleri Marktanner-Turnerstscher, 1887
Nudamphiura Tommasi, 1965
N. carvalhoi Tommasi, 1965
OPHIOTRICHIDAE Ljungman, 1866
Ophiothrix Mduller & Troschel, 1840
0. angulata (Say, 1825)

O. rathbuni Ludwig, 1882
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3.2. Taxonomia

ORDEM PHRY NOPHIURIDA Matsumoto, 1915

OPHIOMY XIDAE

Ophioleptoplax brasiliana Tommasi & Abreu
1974

(Fig.2a,b)

Ophioleptoplax brasiliana Tommasi & Abreu1974: 27, fig.
6; Manso 1991: 11.

M aterial examinado. Trésexemplares; um Est. 6644
(MHN-BOPH/MB-01), um E<t. 6675 (MHN-BOPH/MB-52) e
umEst. 6684 (MHN-BOPH/MB-70). Lat: 24'56.37'- 2545.80'S,
Long: 444057 - 45°11.77'W.

Descricdo. Didmetro dodisco: de7,0a13,02 mm. Disco
coberto por tegumento, sem escamas, espinhos ou granul os
(Fig.2a). Escamas e escudos radiais ndo evidentes. Dois
corpusculoscalcariosdeformatoirregular situados naregi&o
radial do disco, nabase dos bragos. Regi&o ventral interra-
dia também coberta somente por tegumento. Escudo oral
pequeno, semi-losangul ar, com umaprojecdo mediano-pos-
terior. Escudos adorais bem desenvolvidos, maiores que 0
oral, contiguos proximalmente e com o bordo distal tocando
a primeira placa braguial ventral (Fig.2b). Mandibulas
robustas e com uma série irregular de papilas orais
espiniformes de cadalado e no épice. Segundo par de poro
tentacular amplo, totalmente foradafenda oral, ao lado do
escudo adoral. Superficie braquial dorsal revestidapor pele
delgada. Primeira placa braquial ventral triangular,
posteriores semi-retangulares, com reentrancias laterais
onde se @ ojam os ampl os porostentacul ares. Placas|aterais
bem desenvolvidas. N&o ha escamas tentaculares. Quatro
espinhos braquiais afilados, com denticulos marginais.

Comentarios. Dos trés exemplares coletados, em
apenas um foi possivel observar corplsculos calcareos
alongados, espal hados pelasuperficie dorsal do disco, como
mencionado na descri¢do original de Tommasi & Abreu
(1974) e por Manso (1991). Notou-se principalmente
corpusculos de formato irregular na base dos bragos. As
demai s caracteristicas coincidem com aquel as mencionadas
nadescri¢éo original de Tommasi & Abreu (1974).

Distribuicdo Batimétrica. 15-520 m. Tommasi &
Abreu (1974) coletaram Ophioleptoplax brasiliana em
profundidadesentre 48 e 148 m; Tommeasi et al. (1988a) a78
m; Manso (1988a) entre75e120meem 1991 de56a78 me
Monteiro (1990, 1997) entre 15 e 120 m. No presente estudo

Distribuicao Geografica. Atlantico Sul: Brasil
(sudeste).

ORDEM OPHIURIDA Miiller & Troschel, 1840

OPHIACANTHIDAE

Ophiacanthabrasiliensis Tommasi & Abreu 1974
(Fig.2c,d)

Ophiacantha brasiliensis Tommasi & Abreu 1974: 25, fig.
5.

Material Examinado. Cinco exemplares: quatro Est.
6661 (MHN-BOPH/MB-25) eum Est. 6686 (MHN-BOPH/
MB-76). Lat: 24°07.63 - 25'36.98'S; Long: 45°13.57" -
4551.89'W.

Descricao. Diametro do disco: de1,2a1,9 mm. Disco
pequeno edelicado, com reentranciasradiaiseinterradiars,
coberto por pequenos espinhos afilados com denticulos
vitreos no &pice e regido mediana destes espinhos (Fig.2c).
Escudos radiais afilados, mais longos que largos, unidos
entre s e situados na depressdo da reentréncia radial do
disco. Regido ventral interradial sem espinhos, exceto na
por¢do marginal, onde h& alguns espinhos com poucos
denticul os vitreos ou nenhum. Fenda bursal néo evidente.
Escudos orais alongados, estreitos anteriormente e
levemente arredondados na por¢do posterior. Adorais
grandes, maiores que 0s orais, unidos proximalmente
(Fig.2d). Umapapilaoral de cadalado damandibula, afilada,
espiniforme. Infradental robusta e retangular. Vértebras
dilatadas no bordo distal, aparentando a presenca de
nodulos nos bracos. Placa bragquial dorsal pequena, com
formato delegue, levemente curvano bordo distal etruncada
no proximal. Placabraquial ventral maislargado quelonga,
comumalevesadiéncianamargem proximal. Placasbraquiais
laterais bem desenvolvidas, tocando-se dorsal e
ventralmente. Uma escama tentacular espiniforme. Sete
espinhos braguiais afilados nos primeiros segmentos.
Espinhos superiores maiores. Demais segmentos braquiais
com cinco espinhos decrescendo paraquatro naextremidade
do braco.

Distribuicéo Batimétrica. 145-180 m. Tommasi &
Abreu (1974) coletaram Ophiacantha brasiliensisa 180 m
de profundidade; Heitor (1996) a 147 m. No presente
trabalho, aespéciefoi encontradaa147 m.

Distribuicdo Geogréafica. Atlantico Sul: Brasil
(sudeste).

Biggpéciedphanepsivaciaentied8e G2@ morsal; b- v. ventral (dd=13,02 mm); Ophiacantha brasiliensis: ¢- v. dorsal; d- v. ventral (dd=

1,9 mm).
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Figura 2. Ophioleptoplax brasiliana: a- vista dorsal; b- v. ventral (dd=13,02 mm);
1,9 mm).

Ophiacantha brasiliensis: c- v. dorsal; d- v. ventral (dd=
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Ophiacantha cosmica Lyman 1878
(Figs. 3a-c; 4a-d; 5a-d; 6a-c; 7a-d)

Ophiacantha cosmica Lyman 1878:146, est. X, figs. 251-
254,262, 265, 269, 270; Tommes 1970: 17, figs. 6-7; Pater-
son 1985: 38, fig. 17; Albugquerque & Guille1991: 3.

Material Examinado. 307 exemplares: doisEst. 6651
(MHN-BOPH/MB-03); cinco Est. 6659 (MHN-BOPH/MB-
15); nove Est. 6661 (MHN-BOPH/MB-26); 171 Est. 6679
(MHN-BOPH/MB-59); um Est. 6681 (MHN-BOPH/MB-63);
10 Est. 6684 (MHN-BOPH/MB-71); 100 Est. 6686 (MHN-
BOPH/MB-77); seisEst. 6693 (MHN-BOPH/MB-85); dois
Est. 6786 (MHN-BOPH/MB-140) e um Est. 6811 (MHN-
BOPH/MB-139). Lat: 24°07.63 - 29°14.67'S; Long: 43'46.75 -
4750.66'W.

Descricao. Diametro dodisco: del1,0a7,72mm. Disco
com reentrancias interradiais, coberto por pequenos
espinhos afilados com denticulos hialinos na superficie
(Fig.54). No sfo evidentes escamas sobre o disco (Fig.3a).
Escudosradiaismaislongosquelargos, afilados, totalmente
separados entre si (Fig.4a). Regido interradial ventral com
os mesmos granulos daface dorsal, porém em nimero bem
menor. Fendas bursais alargadas. Escudos orais mais lar-
gosquelongos, afilados anteriormente, lateralmente curvos,
com umasaiéncianapor¢do medianadista. Escudosadorais
grandes, maioresque osorais, unidos anteriormente (Fig.3b,
c). De trés a quatro papilas orais afiladas em cada meia
mandibula, sendo a distal maior e com a extremidade
arredondada. Umainfradental bem desenvolvidae ovalada
no apice (Fig.6a). V értebras dil atadas no bordo distal, dando
aos bracos aparéncia nodulosa. Placas braquiais dorsais
pequenas, com o bordo distal curvo em formato de leque,
em a guns segmentos braquiaisaplacadorsal pode ser semi-
losangular. Placas ventrais mais largas que longas,
subpentagonais, com apor¢do proximal levemente afiladae
a distal curva (Fig.7a). Placas braquiais laterais bem
desenvolvidas, tocando-se tanto na porgdo dorsal quanto
naventral. Uma pequenaescamatentacul ar afilada (Fig.7a).
Espinhos braguiais bem afilados e longos com denticulos
emtodaextensdo (Figs.3b, 7). Sete espinhosdaregi&o basal
a mediana do brago e cinco ou seis nos segmentos
posteriores.

Comentérios. Lyman (1878) nadescri¢éo original de
Ophiacantha cosmica mencionaa presenca de sete papilas
orais em cada mandibula de um individuo com 18 mm.
Tommasi (1970) analisando esta espécie citaa presencade
quatro papilas orais em cada meia mandibula de um exem-
plar de2,5mm dedidmetro do disco. Paterson (1985) refere-
seapresencadetrésaquatro papilas em um espécime com

19,5 mm dd. No material examinado observou-se uma
variacao de trés a quatro papilas.

Série de Crescimento. Foram examinados quatro
exemplarescom as seguintesmedidas dd: MHN-BOPH/MB-
59: 2,36; 3,55 mm; MHN-BOPH/MB-15: 4,95 mm e MHN-
BOPH/MB-85: 7,14 mm.

Escudos radiais unidos posteriormente nos dois
exemplares menores (Fig.4c, d) e totalmente separados nos
dois individuos maiores (Fig.4a, b). Espinhos do disco
menos robustos e numerosos no individuo menor (Fig.5d)
do que nos trés maiores (Fig.5a-c). Regido ventral interra-
dial dos dois exemplares menores coberta por espinhos
afilados bifidos ou trifidos; nos dois individuos maiores
esta regido € coberta por escamas, poucos espinhos
pequenos e afilados. A configuragdo das papilas orais é
semelhante em individuos de diferentes tamanhos, exceto
pelapresencade quatro papilas oraisem algumas mandibulas
de exemplares maiores (Fig.6). Placas braguiais dorsais
losangulares nos exemplaresde 2,36 e 3,55 mm de diémetro
do disco; osindividuos com 4,95 e 7,14 mm dd com placas
bragquiaisdorsaisem formadeleque, algumas|osangulares.
Placas ventrais levemente arredondadas nos dois menores
(Fig.7c, d) e sub-pentagonais nos dois maiores (Fig.7a, b).
Exemplar menor com quatro espinhosbraquiais, no de 3,55
mm, cinco espinhos e nos dois espécimes maiores, sete.

Distribuicao Batimétrica. 40-4005m. Lyman (1878)
amostrou Ophiacantha cosmica em profundidades entre
6304005 m; Tommasi (1970), Tommesi et d. (19883, b) entre
40e480 m; Paterson (1985), de2509 3566 m; Manso (19883)
a128m; Albuquerque & Guille(1991) de48a120 m; Sumida
(1994) entre 136 e 600 m e Monteiro (1997) de 134 a600 m.
Neste estudo aespéciefoi coletadaentre 140 e 810 m.

Distribuicio Geogr éfica. Indico: regido sul, Nova
Guing; Pacifico: Panama (Golfo do Panamd), Per(, Chile;
Atlantico: Africa(sul); Brasil (Alagoas e sudeste-sul); Ar-
gentina(norte); Antartica(llhas Crozet e Principe Eduardo).
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Figura 3. Ophiacantha cosmica: a- vista dorsal (dd= 7,72 mm); b- v. ventral (dd= 7,72 mm); c- v. parcial ventral do disco, com detalhes
dos escudos oral e adorais e das papilas orais (dd= 7,14 mm). EO- escudo oral; EAD- escudo adoral; PO- papilas orais.
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Figura 4. Ophiacantha cosmica: vista parcial dorsal do disco, com detalhes dos escudos radiais, mostrando algumas alterag6es devido ao
crescimento (a- dd= 7,14 mm; b- dd= 4,95 mm; c- dd= 3,55 mm; d- dd= 2,36 mm). ER- escudo radial.
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Figura 5. Ophiacantha cosmica: vista parcial dorsal do disco, com detalhes dos espinhos, mostrando algumas alteragdes devido ao
crescimento (a- dd= 7,14 mm; b- dd= 4,95 mm; c- dd= 3,55 mm; d- dd=2,36 mm).
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Figura 6. Ophiacantha cosmica: vista parcial ventral do disco, com detalhes das papilas orais, mostrando algumas alteragdes devido ao
crescimento (a- dd= 7,14 mm; b- dd= 4,95 mm; c- dd= 2,36 mm).
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Figura 7. Ophiacantha cosmica: vista parcial ventral do braco, com detalhes das placas braquiais ventrais, mostrando algumas alteracoes
devido ao crescimento (a- dd= 7,14 mm; b- dd= 4,95 mm; c- dd=3,55 mm; d- dd= 2,36 mm). PV- placa braquial ventral; ET- escama

tentacular.
http://www.bi otaneotropica.org.br
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Ophiomycesfrutectuosus Lyman 1869
(Fig.8a,b)

Ophiomycesfrutectuosus Fell 1960: 16; Tommasi 1970: 18,
pl.V,figs. 10-11; Paterson 1985: 75, fig. 31; Albuquerque
1986: 54, Figs. 11 a, b, c, d; est. 1: figs. 24, b, c.

M aterial examinado. 24 exemplares. quatro Est. 6665
(MHN-BOPH/MB-33), trésEst. 6666 (M HN-BOPH/MB-38),
um Est. 6665 (MHN-BOPH/MB-105) e 16 Est. 6672 (MHN-
BOPH/MB-106). Lat: 24°17.12'- 2627.75'S; Long: 44°09.91 -
44°30.35'W.

Descricdo. Didmetrododisco: de1,93a6,4 mm. Disco
coberto por escamas pequenas e imbricadas, e por espinhos
esparsos longos e afilados (Fig.8a). Escudos radiais ndo
evidentes. Regi&o interradial ventral com escamas muito
pequenas e espinhos menores que os dorsais. Mandibula
coberta por papilas espatuladas, distribuidas em quatro
fileiras longitudinais voltadas para a regido distal. Trés
papilas orais finas e curtas em cada meia mandibula, duas
distais maiores. Papilas proximais das fileiras medianas
menores e mais estreitas do que as distais. Uma papila no
apice damandibul a, dispostaverticalmente (Fig.8b). Escu-
dos orais e adorais ndo visiveis. Dentes inferiores triangu-
lares e robustos. Placas braquiais dorsais mais largas que
longas com o bordo distal arredondado; ventrais maislongas
do quelargas; lateraisencontrando-se dorsal eventralmente.
Primeiros segmentos do brago com 11 ou 12 espinhos, 0s
cinco superiores menores e maisfinos, 6° e 7° maislongos,
inferioreslargos e achatados, diminuindo paraseisem direcéo
a extremidade do braco. Duas escamas tentaculares
espatuladas nos segmentos proximais; nos distais, com a
extremidade afilada.

Comentérios. Nadescrigdo original, Lyman (1869)
apud Albuquerque (1986) néo faz referéncia aos espinhos
presentes no disco, porém em suas ilustracdes estes
espinhos sdo evidentes. Albugquerque (1986) também citaa
presenca destes espinhos no disco. Paterson (1985) cita a
presenca de pequenos bastdes em cada escama que recobre
dorsalmente o disco. Do material coletado, somente em um
exemplar foi possivel observar apresenca destes espinhos,
devido ao estado de conservagéo dos exemplares.

Distribuicdo Batimétrica. 50-600 m. Ljungman (1871)
apud Paterson (1985) col etou Ophiomyces frutectuosusem
profundidades de 210 a410 m; Tommasi (1970) entre50 e
530 m; Paterson (1985) de 365 a 375 m, considerando esta
espéciecomo batial, tendo como limiteinferior azonaabissa
superior; Albuguerque (1986) de 75 a224 m; Tommeasi et al.
(1988a) de 140 a480 m; Sumida(1994) de 180 a248 m; Heitor

(1996) de 132 2147 meMonteiro (1997) de 134 a600 m. No
presente estudo aespécie foi coletada entre 150 e 260 m.

Distribuicdo Geogr &fica. Atlantico: Portugal, Flérida,
Antilhas, Brasil (norte e sudeste).
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Figura 8. Ophiomyces frutectuosus: a- vista dorsal; b- v. ventral (dd= 6,4 mm).
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OPHIURIDAE

Ophiomastus satelitae Tommasi & Abreu 1974
(Figs. 9a-c; 10a-d; 11a-d)

Ophiomastus satelitae Tommasi & Abreu 1974: 18, fig. 2.

Material examinado. 79 exemplares: um Est. 6644
(MHN-BOPH/MB-02); nove Est. 6651 (MHN-BOPH/MB-04);
35 Est. 6659 (MHN-BOPH/MB-16); um Est. 6660 (MHN-
BOPH/MB-19); 10 Est. 6684 (MHN-BOPH/MB-72); 21 Est.
6693 (MHN-BOPH/MB-86) edoisEst. 6786 (MHN-BOPH/
MB-141). Lat: 24°17.67 - 27°28.70°'S; Long: 43°46.75 -
4709.66'W.

Descricao. Didmetro do disco: de 1,4 a5,31 mm. Disco
elevado, coberto por escamas grandes alternadas com
escamas menores. Escamas centrodorsal e primarias
evidentes (Fig.9a). Escudosradiais semi-triangulares, unidos
distalmente e separados no bordo proximal por umapequena
escamatriangular (Fig.9a, 10a). Regido interradial ventral
coberta por escamas grandes. Escudo oral &filado naporcéo
proximal e curvo distalmente, com levesreentranciaslaterais.
Escudos adorais robustos, truncados posteriormente e
unidos naregido anterior (Fig.9b, 11a). Tréspapilasoraisde
cadalado damandibula, em contato com a escamatentacu-
lar do 2° poro oral. Uma papilainfradental robustano apice
damandibula(Fig.11a). Fendabursal estreita. Primeiraplaca
braquial dorsal mais larga que longa, posteriores
losangulares, reduzindo de tamanho em direcdo a
extremidade do braco, presente até o 10° segmento. Placas
braquiais ventrais curvas distailmente e afiladas
anteriormente, decrescendo detamanho paraaextremidade
do braco, com pequenas reentrancias laterais dos poros
tentaculares (Fig.9c). Placas braquiais laterais bem
desenvolvidas tocando-se nos bordos dorsal e ventral.
Primeiraplacalateral tocando-se nos escudos oral e adoral.
Poros tentaculares amplos, ocorrendo até o 14° segmento
braguial, com umaescamatentacular (Fig.9c). Um espinho
braquial adpresso pegueno.

Comentérios. O exemplar examinado apresentou
pequenas diferencas com relacdo a descricdo origina de
Tommasi & Abreu (1974), tais como: placabraquial dorsal
ocorrendo até, aproximadamente o 10° segmento, diferindo
da descricdo dos autores, que citam a presenca desta placa
somente até o 6° segmento. Porém verificou-se que em
exemplares com didmetro do disco ao redor de 2,5 mm, a
placabraquial dorsal ocorreaté o 6° ou 7° segmento braquial,
conformeadescrigdo original .

Série de Crescimento. Foram examinados quatro

exemplares com os seguintestamanhos: MHN-BOPH/MB-
72:1,89; 3,28 mm; MHN-BOPH/MB-86: 4,65; 5,12 mm.

Disco mais elevado nos dois espécimes menores e
mais achatado nos maiores. Quanto menor o disco do
individuo, menor o0 nimero de escamas presentes. No exem-
plar menor, o disco é dorsalmente coberto pelas escamas
primérias, centrodorsal e escudosradiais (Fig.10d); nostrés
exemplaresmaiores, o disco é coberto por escamas grandes
alternadas por pequenas, sendo as escamas primarias e
centrodorsal evidentes (Fig.10a-c). No espécimemenor (1,89
mm) toda aregido interradial ventral é coberta pelos escu-
dos ora e adorais (Fig.11d); no individuo de 3,28 mm, ha
umaescamainterradial (Fig.11c); exemplar de4,65 mm com
trés aquatro escamasinterradiais (Fig.11b) e no individuo
maior, a regido interradial ventral é coberta por cerca de
cinco escamas, além das placas genitaisbem desenvolvidas.
Nos trés espécimes menores 0s escudos orais sdo afilados
anteriormente e arredondados namargem posterior (Fig.11b-
d); no maior estes escudos apresentam leves reentrancias
laterais (Fig.11a), asquais hdo sao observadas nos menores.
Exemplar menor com duas papilas orais|aterais (Fig.11d);
nosmaiores, trés(Fig.11a-c). Placabraguia dorsal presente:
até 0 3" segmento braguial, no menor individuo; atéo 8, no
exemplar com 3,28 mm e até o 12° segmento, nos dois
individuosmaiores (4,65 mm; 5,12 mm).

Distribuicéo Batimétrica. 115-600 m. Tommasi &
Abreu (1974) amostraram Ophiomastus satelitaea 150 m de
profundidade; Tommasi et al. (1988b) entre 400 e 480 m;
Sumida (1994) de 248 a 600 m; Heitor (1996) a115m e
Monteiro (1997) de 134 a600 m. No presente estudo aespécie
ocorreu entre 250 e 515 mm.

Distribuicao Geogréfica. Atlantico Sul: Brasil
(sudeste e sul).
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Figura 9. Ophiomastus satelitae: a- vista dorsal (dd= 5,31 mm); b- v. ventral (dd= 5,31 mm); c- primeiros segmentos braquiais ventrais,
com detalhes das escamas tentaculares (dd= 5,12 mm). ER- escudo radial; ET- escama tentacular.

http://www.bi otaneotropica.org.br


http://www.biotaneotropica.org.br
http://www.biotaneotropica.org.br

Borges, M. ; Monteiro, A.M.G. e Amaral, A.C.Z. - Biota Neotropica, v2 (n2) - BN02302022002

21

Figura 10. Ophiomastus satelitae: vista parcial dorsal do disco, com detalhes das escamas e escudos radiais, mostrando algumas
alteracdes devido ao crescimento (a- dd= 5,12 mm; b- dd= 4,65 mm; c- dd= 3,28 mm; d- dd= 1,89 mm). ER- escudo radial.
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Figura 11. Ophiomastus satelitae: vista parcial ventral do disco, com detalhes das escamas, escudos oral e adorais e papilas orais,
mostrando algumas alteracdes devido ao crescimento (a- dd= 5,12 mm; b- dd= 4,65 mm; c- dd= 3,28 mm; d- dd= 1,89 mm). EO-

escudo oral; EAD- escudo adoral; PO- papilas orais.
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Ophiomisidium pulchellum (Wyville Thompson
1877)
(Figs.12a-e; 13a-d; 14a-€)

Ophiomusium pulchellum Lyman 1878: 118, pl V, fig.144-
145.

Ophiomisidium pulchellum: Tommasi 1970: 76, figs. 78-79;
Paterson 1985: 141, fig. 53.

Material examinado. 1427 exemplares: 42 Est. 6660
(MHN-BOPH/MB-20); 764 Est. 6661 (MHN-BOPH/MB-27);
374 Est. 6665 (MHN-BOPH/MB-34); 19 Est. 6666 (MHN-
BOPH/MB-39); um Est. 6666 (M HN-BOPH/MB-40); trésEt.
6671 (MHN-BOPH/MB-42); 42 Est. 6672 (MHN-BOPH/MB-
44); 25E<. 6673 (MHN-BOPH/MB-46); trésEst. 6674 (MHN-
BOPH/MB-48); um Est. 6676 (MHN-BOPH/MB-53); um E<t.
6677 (MHN-BOPH/MB-54); seisE<t. 6681 (MHN-BOPH/MB-
64) e 145 Est. 6686 (MHN-BOPH/MB-78). Lat: 24°07.63 -
26'27.75'S; Long: 4348.19 - 4551.89'W.

Descricdo. Diametro do disco: de 1,7 29,45 mm. Disco
coberto por escamasrigidas e elevadas, centrodorsal circu-
lar, circundada pel as escamas priméarias em niimero de cinco,
intercal adas com cinco secundérias bem menores. Escamas
marginais elevadas. Escudos radiais semiovalados,
separados por duas ou trés escamas, sendo adistal robusta,
sub-cordiforme e elevada, a anterior semi-triangular
(Fig.12a). A regido distal dosescudos e escamasintercaladas
aeles, constituem aelevacdo marginal do disco. Faceinter-
radial ventral com escamas bem desenvolvidas. Escudo oral
grande, afilado anteriormente e alargado na porgéo distal,
no bordo posterior este escudo articula-se com umagrande
placa interradial que ocupa quase toda porcéo ventral.
Adorais alongados, unidos anteriormente. Placas genitais
bem desenvolvidas. (Fig.12b, d). Mandibulas com uma
depressdo mediana. Quatro ou cinco papilas orais
retangulares e fundidas de cada lado da mandibula, distal
maior. Umainfradental triangular no apice (Fig.12b, 14a).
Fenda bursal estreita e alongada (Fig.12d). Placa braquial
dorsal pequena, subtriangular (Fig.12c) e presente somente
até 0 6° ou 7° segmento, situada na porcado final deste.
Ventraistambém pequenas até 0 4° ou 5° segmento. L aterais
muito desenvolvidas, unindo-se nas superficies dorsal e
ventral. Segmentos braquiais basais com quatro espinhos e
dois nos demais. Poro tentacular presente apenas nos dois
primeiros segmentos braquial's, com umaescamatentacul ar
circular (Fig.12b, e).

Comentaérios. Segundo Tommasi (1970), osescudos
radiais de Ophiomisidium pulchellum s&o totalmente
separados entre si por duas ou trés escamas. No materia
examinado, esta caracteristica foi observada somente em

exemplares maiores, 0s menores apresentaram os escudos
de um mesmo par, unidos na por¢do mediano-posterior e
separados anteriormente por uma ou duas escamas.

Série de Crescimento. Foram examinados quatro
exemplares com as seguintes medidas dd:. MHN-BOPH/MB-
27: 2,90; 3,88 mm; MHN-BOPH/MB-78: 6,01; 8,19 mm.

Os trés individuos menores apresentam escudos
radiais unidos em um ponto na por¢do mediana distal e
separados anteriormente por umaou duas escamas triangu-
lares (Fig.13b-d); no exemplar com diémetro do disco de
2,90 mm, alguns escudos de pares diferentes tocam-se na
regido interradial (Fig.13d). Individuo maior com escudos
radiaistotal mente separados por trés escamas (Fig.12a, 13a),
sendo adistal maior e elevada; cada par de escudos radiais
também apresenta-se separado do outro por duas ou trés
escamas. Os trés espécimes menores com aface interradial
ventral cobertapelas placasgenitais, por umaescamadistal
e pelo escudo orad; individuo maior com esta face coberta
pelas placas genitais bem desenvolvidas, por uma grande
escama distal, pelo escudo oral e por quatro pequenas
escamas intercaladas (ndo observadas nos trés espécimes
menores). Trés papilas orais laterais nos dois individuos
menores (Fig.14d, €) e quatro ou cinco nos dois maiores
(Fig.14a-c). Placas braguiais ventrais presentes até o 2°
segmento nos dois exemplares menores e até o 4° ou 5°
segmento nos dois maiores. Individuo menor com dois
espinhos braguiais; nostrés espécimes maioresha detrésa
quatro espinhos braquiais nos segmentos basais e dois nos
segmentos posteriores.

Distribuicao Batimétrica. 11-3061 m. Lyman (1878)
cita a ocorréncia de Ophiomisidium pulchellum em
profundidades entre 270 e 3015 m; Tommasi (1970) de 11 a
3061 m; Paterson (1985) a274 m; Tommasi et al. (1988a) de
140a165m; Manso (1988a) de 1202128 m; Monteiro (1990,
1997) de15a600 m e Sumida (1994) de 134 a320 m. Neste
estudo aespéciefoi amostradaentre 120 e 315 m.

Distribuicao Geogr éfica. Atlantico Oriental: daBaia
de Biscaia ao sul do Cabo da Boa Esperanca; Atlantico
Ocidental: daCarolinado Sul ao sudeste do Brasil; Pacifico:
Austrdlia.
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Figura 12. Ophiomisidium pulchellum: a- vista dorsal (dd= 9,45 mm); b- v. ventral (dd= 9,45 mm); c- v. parcial dorsal do braco (dd=
6,01 mm); d- v. parcial ventral do disco, com detalhe da fenda bursal (dd= 8,19 mm); e- primeiros segmentos braquiais ventrais e poros
tentaculares (dd= 8,19 mm). FB- fenda bursal; EO- escudo oral; EAD- escudo adoral.
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Figura 13. Ophiomisidium pulchellum: vista parcial dorsal do disco, com detalhes dos escudos radiais, mostrando algumas alteracées
devido ao crescimento (a- dd= 8,19 mm; b- dd= 6,01 mm; c- dd= 3,88 mm; d- dd= 2,90 mm). ER- escudo radial.
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Figura 14. Ophiomisidium pulchellum: vista parcial ventral do disco, com detalhes das papilas orais, mostrando algumas alteragoes
devido ao crescimento (a- dd= 8,19 mm; b,c- dd= 6,01 mm; d- dd= 3,88 mm; e- dd= 2,90 mm). EO- escudo oral; EAD- escudo adoral;

http://www.bi otaneotropica.org.br


http://www.biotaneotropica.org.br
http://www.biotaneotropica.org.br

Borges, M. ; Monteiro, A.M.G. e Amaral, A.C.Z. - Biota Neotropica, v2 (n2) - BN02302022002 27

Ophiuraljungmani (Lyman 1878)
(Figs. 15a-c; 16a-f; 17a-d; 18a-c)

Ophioglypha ljungmani Lyman 1878: 71, est. I11, figs. 77.

Ophiura ljungmani: Tommasi 1970: 79, figs. 80-81;
Cherbonnier & Sibuet 1972: 1382; Bartsch 1983: 16; Pater-
son1985: 118, fig. 44; Alva& Vadon 1989: 841, fig. 8a, b.

Material examinado. 2593 exemplares: 2418 Es. 6659
(MHN-BOPH/MB-17); cinco Est. 6660 (MHN-BOPH/MB-
21); 26 Est. 6661 (MHN-BOPH/MB-28); 142 Et. 6665 (MHN-
BOPH/MB-35) e doisEst. 6693 (MHN-BOPH/MB-87). Lat:
24°07.63 - 2641.27'S; Long: 4346.75 - 4627.50'W.

Descricdo. Diametro dodisco: de2,39a10,40mm. As
caracteristicas observadas nestes exemplares coincidem
perfeitamente com as descrigdes contidas em Tommasi
(1970), Paterson (1985) (Fig.15).

Comentarios. Lyman (1878), nadescricdo original de
Ophiura Ijungmani, cita a presenca de quatro ou cinco
papilasoraisde cadalado damandibulaem um individuo de
8,5 mm dd e uma ou duas infradentais no apice; Tommasi
(1970) descreve cinco papilasoraise umainfradental emum
exemplar com 4,0 mm; os individuos examinados neste
estudo apresentaram de trés a cinco papilas e em algumas
mandibulas observou-se uma Unicainfradental, em outras,
duas. Em nenhum exemplar examinado foram observados
0s pequenos espi nhos esparsos sobre aface dorsal do disco
como citado por Paterson (1985), talvez devido afragilidade
destes espinhos. Alva& Vadon (1989) comentam que estes
espinhos se destacam com a manipulagdo do animal. O
numero de escamas entre os escudos radiais de um mesmo
par variade cinco a 10, dependendo do tamanho do exem-
plar.

Osexemplares aqui examinados foram comparados
comoutros(23) enviadospelo Dr. Paul Tyler (* Southampton

Oceanography Centre”, Inglaterra) e foi verificada grande
semelhanca entre os espécimes de mesmo tamanho.

Série de Crescimento. Foram examinados quatro
exemplarescom as seguintesmedidasdd: MHN-BOPH/MB-
28: 2,45; 3,74 mm; MHN-BOPH/MB-35: 6,83; 9,48 mm.

Nos trés exemplares menores observa-se a escama
centrodorsal e as primérias; no individuo com diédmetro do
disco de 9,48 mm, evidencia-se apenas a centrodorsal. Nos
exemplaresde 2,45 e 3,74 mm, osescudosradiai sapresentam-
se unidos posteriormente e separados na por¢ao anterior
por uma e trés escamas, respectivamente (Fig.16d-f); nos
dois espécimes maiores estes escudos sdo totalmente
separados (Fig.16a-c), com cerca de cinco escamas entre

eesnoindividuo com 6,83 mme 10 no de 9,48 mm. O nimero
de escamas entre cada par de escudos radiais aumenta com
o tamanho do individuo.

Em todos os exemplares, os escudos orais sdo bem
desenvolvidos: nos dois espécimes menores, 0s escudos
orais ocupam toda a regido interradial (Fig.17c, d) e nos
maiores estes ocupam quase a metade da regido ventral
interradial (Fig.15b). Nosdoismenoresindividuos, haquatro
a cinco papilas orais e uma infradental (Fig.17c, d); nos
maiores, h& quatro papilas orais e duas infradentais na
extremidade, asvezesuma(Fig.17a, b).

No exemplar menor, o poro tentacular oral apresenta
detrésaquatro escamas (Fig.17d); no de 3,74 mm cercade
cinco (Fig.17c); no de 6,83 mm cerca de oito escamas
(Fig.17b) enoindividuo maior de 10 a12 escamas (Fig.17a).
Exemplar menor com duas escamas no 1° poro tentacular
braquial eapartir do2’, uma(Fig.17d); oindividuo com 3,74
mm apresenta quatro ou cinco escamas no 1° poro tentacu-
lar braquial, duasno 2’ eapartir do 3’ umaescama(Fig.18c);
nos dois individuos maiores, o0s trés segmentos braquiais
proximais apresentam poro tentacular braquial amplo
(Fig.18a, b) 0 1° com sete escamas recobrindo, 0 2’ com cinco
e 0 3’ com trés, reduzindo para uma escama nos segmentos
posteriores.

Digtribuicdo Batimétrica. 100-6398 m. Lyman (1878)
amostrou 12 espécimes de Ophiura [jungmani a 630 m de
profundidade; Tommasi (1970) citaaocorrénciade 1500 a
6398 m; Cherbonnier & Sibuet (1972) relataque aespécie é
deregidesbatiais profundas e abissais (309 a4070 m); Bartsch
(1983) de 10024000 m; Tyler et al. (1983) de 2000 a2900 m;
Gageetd. (1983) de 1150 a3500 m; Paterson (1985) de 100
a4150 m; Tommasi et a. (1988a) a 165 m; Alva & Vadon
(1989) entre 528 € 1398 m; Sumida (1994) de134a530me
Monteiro (1997) de 134 a600 m. Nestetraba ho aespéciefoi
coletadaentre 140510 m.

Distribuicao Geogr éfica. Atlantico Oriental: Europa
(oeste), Groelandia (sul), 1slandia, Escocia, Africa (oeste),
Baia de Biscaia, Ilhas Acgores e Madeira, Cabo da Boa
Esperanca; Atlantico Ocidental: Estados Unidos, Brasil
(nordeste, sudeste e sul).
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Figura 15. Ophiura ljungmani: a- vista dorsal (dd= 10,40 mm); b- v. ventral (dd= 10,40 mm); c- primeiros segmentos braquiais ventrais,
com detalhes das placas braquiais e poros tentaculares (dd= 9,48 mm).
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Figura 16. Ophiura ljungmani: vista parcial dorsal do disco, com detalhes dos escudos radiais e pente braquial, mostrando algumas
alteracdes devido ao crescimento (a- dd= 9,48 mm; b,c- dd= 6,83 mm; d- dd= 3,74 mm; ef- dd= 2,45 mm). PE- pente braquial; ER-

escudo radial.
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Figura 17. Ophiura ljungmani: vista parcial ventral do disco, com detalhes das papilas orais e poros tentaculares orais, mostrando
algumas alteragOes devido ao crescimento (a- dd= 9,48 mm; b- dd= 6,83 mm; c- dd= 3,74 mm; d- dd= 2,45 mm). PO- papilas orais;

P - gggila infradental ; EO- escudo oral ; PTO- poro tentacular oral.
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Figura 18. Ophiura ljungmani: vista parcial ventral do braco, com detalhes dos poros tentaculares e pente braquial, mostrando algumas
alteracOes devido ao crescimento (a- dd= 9,48 mm; b- dd= 6,83 mm; c- dd= 3,74 mm).
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Amphipholizona delicata H.L.Clark, 1915
(Fig.19a,b)

Amphipholizona delicata Fell 1960: 34; Tommasi 1974: 13-
14, fig. 12; Albuquerque 1986: 258, figs. 38 a, b, c; est.
XV:figs. 14, b, c. Monteiro 1990: 735-738, fig. 1.

Material examinado. Trésexemplares. um Est. 6674
(MHN-BOPH/MB-50), doisEst. 6681 (MHN-BOPH/MB-65).
Lat: 24°31.08'- 25'11.00°S; Long: 44°54.00"- 44'56.60"W.

Descrigdo. Diametrododisco: de2,86a3,07 mm. Disco
coberto por escamas grandes, centrodorsal evidente,
rodeada por cinco priméarias. Regido centrodorsal do disco
com poucas escamas. Entre o par de escudos radiais ha
duas escamas grandes, semi-retangulares. Escudos radiais
pouco mais longos que largos, unidos por toda extenso
(Fig.19a). Face interradial ventral coberta por escamas
imbricadas menores que asdorsais. Escudos orai s pequenos
e losangulares. Adorais bem desenvolvidos, alargados
distalmente e unidos na porgéo anterior (Fig.19b). Duas
papilas orais, sendo a distal maior. Um par de infradentais
robustas no &pice da mandibula. Fendas bursais estreitas,
ndo muito evidentes. Placa braquial dorsal flabeliforme.
Bragquial ventral maislargaquelonga, afiladaanteriormente,
com o bordo distal truncado. Braquiais laterais bem
desenvolvidas, unindo-se nasregidesdorsal eventral. Uma
Unica escama tentacular até o 3° segmento braquial, nos
demais estaescamanao ocorre. Até o 3° segmento hacinco
espinhos, nos demais quatro diminuindo para trés na
extremidade do brago.

Comentérios. Albuquerque (1986) analisando
Amphipholizona delicata cita a presenca de trés espinhos
no 1° segmento, quatro no 2°, sete no 3° e depois quatro
espinhos, decrescendo paratrés nos segmentos maisdistais
do brago. No material examinado, osbracosndo estavam em
bom estado de conservagdo, muitos segmentos
apresentaram espinhos quebrados. Monteiro (1990) citaque
em espécimes com 3,0 mm dediametro do disco, asescamas
primarias ndo s8o evidentes, porém em exemplares menores,
elas ocupam toda porgéo central, rodeando a centrodorsal.
No material examinado pode-se observar as escamas
primarias.

Digtribuicdo Batimétrica. 15-600m. H.L.Clark (1915)
apud Albuguerque (1986) coletou Amphipholizona delicata
entre 139 € 188 m de profundidade; A.H.Clark (1921) apud
Albuquerque (1986) 2366 m; Tommasi (1974) entre55e 89
m; Albuquerque (1986) entre 51 e 111 m; Monteiro (1990,
1997) de 15 a 600 m e Heitor (1996) de 20 a 147 m. Neste
trabalho aespécie ocorreu entre 120 e 170 m.

Distribuicéo Geogr &fica. Atlantico: Barbados, Brasil
(norte e sudeste).

Ophiomusium anaelisae Tommasi & Abreu 1974
(Fig.19c, d)

Ophiomusiumanaelisae Tommasi & Abreu 1974: 21, fig. 3.

Material examinado. Cinco exemplaresdaEst. 6665
(MHN-BOPH/MB-36). Lat: 24°20.84°S; Long: 44°09.91°W.

Descrigdo. Diametrododisco: de4,82a5,92 mm. Disco
pentagonal, coberto por escamas bem desenvolvidas, semi-
circulares, pouco imbricadas, com o bordo distal livre um
pouco elevado. Escama centrodorsal sub-pentagonal,
circundadapelas primériase por umafileirade escamasbem
desenvolvidas. A espécie apresenta pequena granulacdo
sobre os escudos radiais e face ventral do disco. Escudos
radiais mais longos que largos, separados entre si por trés
escamas grandes, proximal maior que as demaisescamasdo
disco, exceto a centrodorsal. Duas escamas retangulares
entre cada par de escudosradiais (Fig.19c). Regido interra-
dial ventral cobertapor cercade cinco escamasmaiselevadas
epelo escudo oral, que é afilado anteriormente e levemente
convexo no bordo distal. Adorais alongados, unidos
anteriormente e levemente alargados na porcéo distal
(Fig.19d). Placas genitais bem desenvol vidas com pequenas
granulagdes. Quatro ou cinco papilas orais contiguas. Uma
papila infradental semi-triangular no apice da mandibula.
Poro tentacular presente apenas no 2° e 3° segmentos
braquiais. Uma escama tentacul ar pequena. Placa braquial
dorsal pequena, triangular, decrescendo de tamanho até a
extremidade do brago; braquial ventral pequena, presente
até o 3° segmento; braquiais laterais bem desenvolvidas,
unindo-se dorsal e ventralmente. Trés espinhos braguiais
adpressos.

Comentarios. Tommasi & Abreu (1974), nadescri¢do
original de Ophiomusium anaelisae, citam que a escama
centrodorsal é circular. Os exemplares examinados neste
estudo apresentaram esta escama com formato variando de
sub-pentagonal, nos maiores, a pentagonal, nos menores.
Possivelmente, com o crescimento do animal, as bordas
desta placa sofram um arredondamento.

Distribuicdo Batimétrica. 180-260 m. Ophiomusium
anadlisaefoi coletadaa 180 m de profundidade por Tommasi
& Abreu 1974. No presentetrabal ho aespéciefoi amostrada
a258m.

Distribuicdo Geogréfica. Atlantico Sul: Brasil
(sudeste).
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Figura 19. Amphipholizona delicata: a- vista dorsal; b- v. ventral (dd= 3,07 mm); Ophiomusium anaelisae: c- v. dorsal; d- v. ventral (dd=
1,9 mm).
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OPHIOLEUCIDAE

Ophiostriatusstriatus (M ortensen 1933)
(Fig.20a,b)

Ophiostriatus striatus Madsen 1983:61; figs. 13-14 ad;
Paterson 1985: 101; fig.41.

Material examinado. 28 exemplares: 24 Est. 6693
(MHN-BOPH/MB-111); quatro Est. 6694 (MHN-BOPH/MB-
112). Lat: 26°'31.26"- 2641.27'S; Long: 4627.50"- 46'34.37"W.

Descricdo. Didmetro dodisco: de2,02a5,08 mm. Disco
coberto por grénulos dorsal e ventralmente (Fig.20a, b).
Escudosradiais maislongos quelargos, levemente afilados
na regido anterior e separados, alguns com granulos na
regi&o proximal. Escudosorais cordiformes, adoraisestreitos
e unidos anteriormente, com granulos esparsos na por¢ao
anterior, também presentes no restante da mandibula
(Fig.20b). Trés papilas orais alongadas, sendo que junto a
estas, mais distalmente hd uma escama ovalada do poro
tentacular oral. Um par de infradentais afiladas no épice da
mandibula. Fendabursal estreita. Placabraquial dorsal mais
largaquelongacom quilhanalinhamediana. Braguial ven-
tral pentagonal com umareentréncianaregido medianadis-
tal e reentrancias laterais dos poros tentaculares. Estrias
transversaisem todas as placas braquiais. Umaescamaten-
tacular. Trés espinhos braquiais afilados.

Comentarios. Este é 0 1° registro de Ophiostriatus
striatus paraacostabrasileira. Foi inicial mente descrita por
Mortensen (1933) apud Madsen (1983) com o nome de
Ophiopyren striatum. Posteriorente Madsen (1983) retirou
aespécie deste género eaincluiu no género Ophiostriatus,
o qual apresentauma Uinicaescamatentacular por todo braco
e placas braquiais ventrais contiguas.

Distribuicdo Batimétrica. 270-3500 m. Ophiostriatus
striatus foi coletada por Mortensen (1933) apud Madsen
(1983) em profundidades entre 1375 e 1455 m; Madsen (1983)
registra sua ocorréncia entre 3300 e 3500 m. Neste estudo
foram coletadosentre 270 €430 m.

Distribuicdo Geogréafica. Atlantico: Groelandia,
Islandia, Brasil (sudeste e sul).

OPHIACTIDAE

Ophiactisbrasiliensis Manso 1988 b
(Fig.20c, d)

OphiactisbrasiliensisManso 1988 b: 375-379, figs. 1- 4.

Material examinado. seisexemplares: cinco Est. 6658
(MHN-BOPH/MB-102); um E<t. 6666 (MHN-BOPH/MB-103).
Lat: 24°17.12'- 2511.89°S; Long: 44°12.17"- 4708.09'W.

Descricdo. Didmetro dodisco: de1,3a2,0 mm. Exem-
plar coberto por fina granulacdo. Disco dorsalmente
constituido por escamas grandes, irregulares e imbricadas
(Fig.20c). Escudos radiais maislongos quelargos, afilados
anteriormente e alargados na porc¢ao distal, unidos, exceto
naregido proximal onde ocorre umaou duas escamas. Regido
interradial ventral coberta por escamas menores que as
dorsais. Escudos orais ovalados com a regido anterior
levemente afilada. Adorais alargados distalmente e
separados na por¢do anterior (Fig.20d). Fenda bursal
estreita. Uma papila oral distal espatulada de cada lado da
mandibula. Uma infradental robusta no apice. Placas
braguiais dorsais semi-elipticas. Ventrais pentagonais,
contiguas nos segmentos proximaisendo nos distais. Placas
|aterais tocando-se ventralmente nos segmentos distais.
Uma grande escama tentacular ovalada. Nos segmentos
basais ha quatro espinhos braquiais, posteriormente trés.
Presenca de denticulos na extremidade dos espinhos; nos
mais robustos (regi&o proximal) os denticul os apresentam-
se na por¢ao mediana distal, nos espinhos da porc¢éo distal
do brago h& denticul os apenas no lado do espinho voltado
para o disco.

Distribuicdo Batimétrica. 5-163 m. Manso (1988b)
coletou Ophiactis brasiliensis a 5 m de profundidade e
Monteiro (1997) de 8 a 41 m. Neste estudo a espécie foi
coletadaentre 157 e 163 m.

Distribuicdo Geogréafica. Atlantico Sul: Brasil
(sudeste).
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Figura 20. Ophiostriatus striatus, a- vista dorsal; b- v. ventral (dd= 5,08 mm); Ophiactis brasiliensis: c- v. dorsal; d- v. ventral (dd= 2,0
mm).
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Ophiactislymani Ljungman 1871
(Fig.21a,b)

Ophiactislymani Tommasi 1965: 5-6, 1967 b: 50; Tommasi
1970: 22, fig. 14; Madsen 1970: 208-210; fig. 34; Albu-
querque 1986: 138, figs. 23 a, b, c; est. VII: fig. 24, b, c;
Monteiro 1987: 29, est. |- e; Alva& Vadon 1989: 838, fig.
5ab.

Material examinado. Doisexemplares. um Est. 6660
(MHN-BOPH/MB-23) eum Est. 6666 (MHN-BOPH/MB-104).
Lat: 24°17.12° - 24°17.67'S; Long: 4348.19" - 44°12.17'W.

Descricéo. Didmetro do disco: de2,4a3,4 mm. Disco
coberto por escamas grandes, irregulares; priméarias
evidentes. Escudos radiais duas vezes mais longos do que
largos, unidos na regido mediano-posterior e separados
anteriormente por umaescamatriangular (Fig.21a). Espinhos
esparsos na regido marginal do disco. Atrés dos escudos
radiais ha dois espinhos rombudos. Faceinterradial ventral
coberta por escamas pequenas e a guns espinhos menores
gue os dorsais. Escudos orais t&o largos quanto longos,
pentagonais, afilados anteriormente e levemente curvos no
bordo distal. Adorais alongados, unidos proxima mente e
truncados distalmente (Fig.21b). Duas papilas orais de cada
lado da mandibula. Um par de infradentais irregulares no
apice. Cinco bragos. Placabraguial dorsal flabeliforme; ven-
tral arredondadanamargem posterior, com osbordos|aterais
reentrantes devido a presenca do poro tentacular amplo;
laterais desenvolvidas, tocando-se dorsalmente. Uma
escama tentacular. Fendas bursais amplas. Trés espinhos
braguiais sub-iguais rombudos.

Comentarios. Tommasi (1967b) comentaque 6% dos
exemplares examinados apresentaram cinco bragos, o
restante sei's, Madsen (1970) cita que todos os exemplares
examinados apresentam seis bracos. Neste estudo, os dois
exemplares col etados apresentam cinco bragos. N&o foram
observadas expansdes laterais bem desenvolvidas dos es-
cudos adorais, como mencionado por Tommasi (1970), Al-
buquerque (1986) e Monteiro (1987). Segundo Albuquer-
que (1986), as escamas primarias nem sempre sdo evidentes
e 0 nimero de espinhos pode variar de trés a quatro.
Monteiro (1987) citaa presenca de trés espinhos braquiais
eAlva& Vadon (1989) quatro, nos segmentos proximais, e
trés nos distais. Estes mesmos autores mencionam que 0s
espinhos do disco podem estar presentes ou ausentes, e
podem aindater ou ndo aextremidade hialina.

Distribuigdo Batimétrica. 0-600 m. Segundo Madsen
(1970) Ophiactis lymani é uma espécie de sub-litoral;
Tommasi (1967b, 1970) coletou-aem profundidadesde 0 a

110 m; Albuquerque (1986) entre 3 e84 m; Monteiro (1987,
1990, 1997) entre 8 600 m; Tommasi et a. (1988a) a90 m,;
Alva& Vadon (1989) entre 60 e 71 m; Heitor (1996) entre 20
€100 m e Capitoli & Monteiro (2000) entre 13e30m. Neste
estudo aespéciefoi coletadaentre 163 e 314 m.

Distribuicdo Geogr &fica. Ophiactis lymani foi
considerada por Tommasi (1967b) e Madsen (1970) uma
espécie anfiatlantica. Atlantico: costa da Africa (Golfo da
Guiné), Cabo Verde, Ilhas Virgens, Tobago, Bermudas,
Tortugas, Brasil (norte, sudeste e sul).
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Ophiactissavignyi (Miller & Troschel 1842)
(Fig.21cd)

Ophiactis savignyi: Mortensen 1936: 264; Parsow & Clark
1963:44; Guille 1968:497-500; Tommas 1970: 24-25, est.
V11, figs. 16-17; Madsen 1970: 207-208; fig. 33; Devaney
1974 134; Cherbonnier & Guille1978: 125, fig. 57; Irimura
1981:21; Albuquerque 1986: 150, figs. 254, b, c; est.VI1II:
figs.2a b, c. Monteiro 1987: 34, est. I-f, I11—a, b. Alva&
Vadon 1989: 839. Hendler et a. 1995: 148, fig. 70.

Material examinado. quatro exemplares: trésEst. 6661
(MHN-BOPH/MB-29) eum Est. 6686 (MHN-BOPH/MB-79).
Lat: 24'07.63 - 2536.98'S; Long: 45°13.57"- 45'51.89'W.

Descrigdo. Diametrododisco: de1,97 a2,20mm. Disco
coberto por escamas irregulares e imbricadas. Escudos
radiais grandes, semi-triangulares, unidos distalmente e
separados no bordo proximal por uma ou duas escamas
bem desenvolvidas (Fig.21c). Porcéo interradial ventral
cobertapor escamas menores que asdorsais. Escudosorais
semi-losangulares. Madreporito bem evidente, com poros
na por¢do mediana. Adoraistriangulares, com o bordo dis-
tal alargado e unidos proximalmente (Fig.21d). Umaou duas
papilas orais de cada lado da mandibula. Uma infradental
grande no 4pice. Fendas bursais amplas. Seis bragos
robustos. Placabraguial dorsal maislargaquelonga, afilada
proximalmente e com o bordo distal levemente curvo; ven-
tral semi-hexagonal; laterais bem desenvolvidas. Uma
escama tentacular. Quatro espinhos robustos com
denticulos marginais nos segmentos braquiais basais e trés
nos posteriores. Espinhosinferiores menores que oslatero-
dorsais.

Comentérios. Madsen (1970), Tommas (1970), Albu-
querque (1986), Monteiro (1987) eHendler et d. (1995) citam
a presenca de pequenos espinhos esparsos na superficie
do disco e mais numerosos na margem. Esta caracteristica
ndo foi observada no presente material, mas Hendler et al.
(1995) comentam também que estes espinhos sdo mais
evidentes em exemplares maiores. O nimero de espinhos
braquiaisfoi menor com relagéo ao mencionado naliteratura
consultada, podendo-se atribuir esta diferenca ao tamanho
dos exemplares. Madsen (1970) comenta que a espécie é
bastante polimarficaetem sido descritacom vérios nomes;
pode apresentar cinco ou seis bracos. Este mesmo autor
comenta que espécimes do oeste da Africa possuem
tipicamente duas papilas orais laterais, porém trés podem
ocorrer em umaou outramandibula, e em uns poucos casos
pode ser observado somente uma papilaoral distal.

Distribuicio Batimétrica. 0-518 m. Mortensen (1936)

coletou exemplares de Ophiactissavignyi entre 16 e30 mde
profundidade; segundo Madsen (1970) esta espécie ocorre
nazonaentremaréseinfralitoral; Tommasi (1970) coletou-a
de 0 280 m; Cherbonnier & Guille (1978) de 0 a200 m;
Monteiro (1987, 1997) de8a41m; Alva& Vadon (1989) a35
m; Hendler et al. (1995) de 0 4518 m e Alves & Cerqueira
(2000) naregido entremarés. No presente estudo a espécie
foi amostradaa 147 m.

Distribuicio Geogr &fica. Atlantico: Africa(oestee
sul, Golfo daGuiné), Estados Unidos, Bermudas, Golfo do
México, Caribe, Antilhas, Brasil (norte, nordeste e sudeste);
indico: Madagascar, |1ha ReuniZo; Pacifico: Mar do Japao,
Austrdia(sudeste); Mar Mediterraneo; Mar Vermelho.
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Figura 21. Ophiactis lymani, a- vista dorsal; b- v. ventral (dd= 3,4 mm); Ophiactis savignyi: c- v. dorsal; d- v. ventral (dd= 2,10 mm).
ER- escudo radial.
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AMPHIURIDAE

Amphilimnaolivacea (Lyman 1869)
(Fig.22a, b)

Amphilimnaolivacea: Tommas 1967h: 538; 1970: 32, figs.30-
31; Madsen 1970: 163, fig.3; Thomas& Schoener 1972:1-
8,figs.1,2; Manso 1991:13.

Material Examinado. Noveexemplares: doisEst. 6660
(MHN-BOPH/MB-24); trésEst. 6671 (MHN-BOPH/MB-43);
um Est. 6685 (MHN-BOPH/MB-75); um Est. 6692 (MHN-
BOPH/MB-82); um Est. 6696 (MHN-BOPH/MB-92) eumEst.
6704 (MHN-BOPH/MB-97). Lat: 24°17.67 - 2650.90°S; Long:
4348.19 - 46'56.84'W.

Descricéo. Didmetro do disco: de 2,96 a13,47 mm.
Disco com um sulco naregido medianaradial. Totalmente
coberto por espinhos afilados, os quais dificultam a
visualizagdo das escamas dorsais imbricadas. Escudos
radiaisestreitos, unidosesituadosno sulcoradia (Fig.22a).
Regido interradial ventral com espinhos similares aos
dorsais. Escudos orais maislargos que longos com o bordo
proximal afilado eodistal curvo (Fig.22b), com umapequena
expansdo mediana. Madreporito bem desenvolvido,
apresentando um grande poro na porc¢do distal. Escudos
adorais alongados, unidos na regido proximal. Mandibula
estreitae aongada; trés papilasorais, distal maior eaproxi-
mal situadainteriormente. Duas ou trés papilasinfradentais
no &pice damandibula, sendo amedianamaior queaslaterais.
Fendas bursais alongadas e estreitas, marginadas por
escamas bem desenvolvidas. Placa braquial dorsal
subpentagonal; ventral mais longa do que larga, com
reentrancias laterais devido a presenca do poro tentacul ar.
Placas|aterais cobrindo parte daregido dorsal. Duas escamas
tentaculares até o 8° segmento do braco, interna maior e
mais afiladaqueaexterna, apartir do 9° segmento permanece
apenas a externa. Oito espinhos braquiais, os quatro
superiores sub-iguais e os quatro inferiores aumentam de
tamanho em direcdo aregido ventral. Os espinhos superiores
localizados abaixo do disco apresentam-se fundidos aplaca
genital, formando umaestruturaem formade asa (Fig.22b).

Comentérios. Madsen (1970) citaqueem Amphilimna
olivacea ocorre uma variag8o na disposi¢do das papilas
sobre a boca de um mesmo espécime, além de registrar a
ocorréncia de duas ou trés papilas infradentais subiguais
em tamanho ou com a mediana duas vezes maior que as
laterais.

Distribuicdo Batimétrica. 15-600 m. Madsen (1970)

cita Amphilimna olivacea como umaespéciedeinfralitoral .
No entanto, Tommasi (1967b e 1970) registrou-a em
profundidadesde 72 a351 m, Manso (1988 a) entre 102 e 151
m, Manso (1991) a80 m, Tommeas et al. (1988a) de31a140m,
Heitor (1996) 295 m, Monteiro (1990, 1997) de15a600 me
Capitoli & Monteiro (2000) ao redor de 100 m. Neste estudo
aespéciefoi amostradaentre 90 e 320 m.

Distribuicdo Geografica. Madsen (1970) cita que
Amphilimna olivacea é umaespécie anfiatlantica. Atlantico
Oriental: daLibériaaAngola; Atlantico Ocidental: daBaia
de Massachusetts ao Uruguai.

http://www.bi otaneotropica.org.br


http://www.biotaneotropica.org.br/v2n2/pt/abstract?article+BN02302022002

Borges, M. ; Monteiro, A.M.G. e Amaral, A.C.Z. - Biota Neotropica, v2 (n2) - BN02302022002 40

Amphilimnamirabilis (H.L.Clark 1941)
(Fig.22c, d)

Amphitarsusmirabilis Schoener 1967: 269; fig.1 a-c.
AmphilimnamirabilisDevaney 1974: 121.

Material Examinado. Quatro exemplares: dois Est.
6651 (MHN-BOPH/MB-109) edoisEst. 6698 (MHN-BOPH/
MB-110). Lat: 25°53.58 - 26°10.87'S; Long: 45°42.13 -
46'20.01'W.

Descrigdo. Diametrododisco: de3,13a7,32mm. Disco
coberto por grénulos dorsal e ventralmente. Reentrancias
na regido interradial. Escudos radiais estreitos e unidos
(Fig.22c). Escudos orais mais largos que longos com os
bordos proximal e distal arredondados. Adorais estreitos,
unidosanteriormente e alargados napor¢do distal (Fig.22d).
Duas papilas orais; juntamente a estas ha duas escamas
espatuladas recobrindo o segundo poro oral. Um par de
infradentais bem desenvolvidas e arredondadas no apice
da mandibula. Fenda bursal grande. Placa genital externa
muito desenvolvida, com divisdes. Placasbraquiaisdorsais
pentagonais e contiguas. Ventrais mais longas que largas,
contiguas, com reentrancias|aterais dos porostentacul ares.
Do 1’ ao 4° segmento de cada placa braquial lateral surge
uma expansdo laminar muito desenvolvida que representa
uma fusdo dos espinhos braguiais superiores localizados
abaixo do disco com aplacagenital (Fig.22d). Primeiro poro
tentacular braquial com trés escamas, duas pequenas
situadas naplacaventral eumamaior naplacalateral. Do 2°
a0 5’ segmento, duas escamas tentacul ares. umaespatul ada
na placa ventral e uma pegquena na lateral; a partir do 6’
segmento do brago apenas a escama tentacular espatul ada.
Sete espinhos braquiais, inferiores maiores que 0s
superiores.

Comentarios. Segundo Tommasi (1999), Amphilimna
olivacea € a Unica espécie do género com ocorréncia no
Brasil. O material examinado difere desta pois Amphilimna
olivacea apresenta o disco totalmente coberto por espinhos
afilados, cinco papilas orais, duas escamas tentacul ares até
0 8 segmento e oito espinhos braquiais. Amphilimna
mirabilis foi inicialmente descrita dentro do género
Amphitarsuspor H.L.Clark (1941) apud Devaney (1974). Em
1967, Schoener descreveu duas novas espécies de
Amphitarsus e redescreveu e ilustrou Amphitarsus
mirabilis. Assim como H.L.Clark (1941) apud Devaney
(1974), ela considerou que a estrutura observada na base
dos bragos desta espécie, logo abaixo do disco, eraafusio
das placas laterais a placa genital. Em 1972, Thomas &
Schoener consideraram que a estruturaem forma de asa de
Amphitarsus mirabilis sdo espinhos fundidos a placa geni-

tal, eentdo certamente Amphitarsusmirabilise Amphilimna
olivacea sao congenéricas. Devaney (1974) em sua
discussdo sobre o género Amphilimna, inclui neste
Amphilimna mirabilis.

DigribuicdoBatimétrica. 200-535m. H.L.Clark (1941)
apud Devaney (1974) coletou Amphilimna mirabilis em
profundidades entre 320 e 430 m; Schoener (1967) entre 200
e535 m. Nestetrabalho aespéciefoi coletadaentre 240 e 256
m

Distribuicéo Geogr éfica. Atlantico: norte ocidental,
Cuba, Brasil (sudeste e sul).
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a

Figura 22. Amphilimna olivacea, a- vista dorsal; b- v. ventral (dd= 13,47 mm); Amphilimna mirabilis: c- v. dorsal; d- v. ventral (dd=
7,31 mm).
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Amphioplusalbidus (Ljungman 1867)
(Fig.23a,b)

Amphioplus bernasconiae Tommasi 1968:118, figs. 1; 2.

Amphioplus albidus: Bernasconi & D’ Agostino 1977: 87,
pl.V,fig.1,2; pl. I1X, fig. 3.

Material Examinado. Quatro exemplares trésEst. 6665
(MHN-BOPH/MB-113) eum Est. 6815 (MHN-BOPH/MB-
145). Lat: 24°20.84 - 29°36.60°S; Long: 44°09.91"- 47°50.80"W.

Descricdo. Diametro do disco: de 3,4 a4,83 mm. Disco
coberto por escamas irregulares, centrodorsal evidente.
Escudos radiais mais longos que largos, divergentes,
separados por trés escamas (Fig.23a). Regido ventral inter-
radial coberta por escamas pouco menores que as dorsais.
Escudos orais losangulares com leves reentrancias latero-
posteriores. Adorais bem desenvolvidos e unidos
anteriormente (Fig.23b). Duaspapilasorais: proximal afilada,
distal alargada; juntamente a estas hd uma escama
arredondada do 2° poro tentacular oral. Um par de
infradentai s robustas no &pice damandibula. Fendasbursais
amplas. Placasbraquiaisdorsaisflabeliformes. Ventraismais
largas que longas com reentrancias nas regides mediana
posterior e laterais dos poros tentaculares; duas escamas
tentaculares ovaladas. Do 1° ao 6 segmentos h& quatro
espinhos braguiais globosos na base, nos demais trés.

Comentarios. Segundo Bernasconi & D”Agostino
(1977) Amphioplus albidus apresenta cinco papilas orais.
Osexemplares analisados no presente estudo apresentaram
quatro papilas. Esta diferenca pode estar relacionada ao
tamanho dos exemplares em questdo, j& que o espécime
descrito pel os autores mencionados acima apresentava 5,4
mm de di&metro do disco.

Distribuicéo Batimétrica. 0-500 m. Bernasconi &
D"Agostino (1977) coletaram Amphioplus albidus em
profundidades de 0 a 14 m. Neste estudo a espécie foi
coletadaentre 258 e 500 m.

Distribuicéo Geogr afica. Atlantico Sul: do sudeste
doBrasil ao Uruguai.

Amphiopluslucyae Tommasi 1971
(Fig.23c, d)

Amphioplus lucyae Tommasi 1971:6,figs.19, 20; Monteiro
1987: 52, est. IV-a, b, ¢, d; Manso 1991:36.

Material Examinado. Umexemplar daEst. 6674 (MHN-
BOPH/MB-51). Lat: 24°’31.08'S; Long: 44'54.00°'W.

Descricéo. Diametro do discoigual a4,8 mm. Disco
densamente coberto por escamas irregul ares e imbricadas;
primérias bem evidentes, centrodorsal circular. Regido in-
terradial dorsal periféricacom umaescamaretangular maior
que as adjacentes. Escudos radiais mais longos que largos,
cuneiformes, divergentes e separados entre si por cerca de
cinco escamas (Fig.23c). Regido interradial ventral com
escamas menores que as dorsais e muito imbricadas. Escu-
dos orais mais largos do que longos com a porg¢éo anterior
afilada e a posterior arredondada, formando uma
concavidade nos dois lados anteriores, acompanhando a
curva dos escudos adorais, que sdo robustos e unidos
proximalmente. Madreporito bem evidente com poros na
regido distal (Fig.23d). Quatro papilas orais contiguas. Um
par de infradentais grandes, triangulares e separadas no
apice damandibula. Placabraquial dorsal trapezoidal; ven-
tral subpentagonal, com reentrancias nas porgdes latero-
distais; lateral bem desenvolvida. Duas escamas
tentaculares, umalocalizadanaplacabraquial ventral eoutra
naplacalateral (Fig.23d). Quatro espinhosbraquiais.

Comentarios. O nimero de papilasoraisde cadalado
da mandibula no exemplar examinado foi igual a quatro,
diferindo da descricéo feita por Monteiro (1987), onde
menciona que individuos com didmetro do disco ao redor
de 4,0 mm apresentam cinco papilas orais. Outras
caracteristicas descritas pelareferidaautora coincidem com
as observadas no exemplar analisado.

Digtribuicdo Batimétrica. 8-600 m. Tommas (1971 e
1985) coletou Amphioplus lucyae entre 27 e 32 m de
profundidade; Tommasi et a. (1988a, b) incluiram esta
espécie entre as que ocorreram em largo intervalo de
profundidade, de 55 a480 m; Monteiro (1987, 1990, 1997) de
8a600 m, Manso (1988a, 1991) de 40 a60 m e Capitoli &
Monteiro (2000) entre 13 e 30 m. Nestetrabalho aespéciefoi
amostradaa122 m.

Distribuicao Geogréfica. Atlantico Sul: Brasil
(sudeste e sul).
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Figura 23. Amphioplus abidus, a- vista dorsal; b- v. ventral (dd= 4,83 mm); Amphioplus lucyae: c- v. dorsal; d- v. ventral (dd= 4,8 mm).
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Amphipholis sqguamata (Delle Chiaje 1828)
(Fig.24a, b)

Axiognathus squamata: Tommasi 1970: 37, fig.36.

Amphipholis squamata: Bernasconi 1926: 146; 1965: 147,
[11: 3-4; Thomas 1962: 662, fig. 13; Parslow & Clark
1963:44; Alarcon 1968: 39, fig.O; A.M. Clark 1970: 29-30;
Madsen 1970: 202, fig. 30; Devaney 1974: 125; Gageet al.
1983: 293; Paterson 1985: 91, fig. 36; Monteiro 1987: 60,
est. |1-f; Alva& Vadon 1989: 834; Hendler 1996: 143, fig.
7.10; Hendler et al. 1995: 162, fig. 79.

Material Examinado. SeteexemplaresdaEst. 6661
(MHN-BOPH/MB-30). Lat: 24°07.63'S; Long: 4551.89'W.

Descricao. Didmetro do disco: de1,0a3,0 mm. Disco
coberto por escamasirregularesimbricadas. Escudosradiais
maislongos quelargos, contiguos por toda extensao, exceto
no bordo proximal, onde hauma pequenaescamatriangul ar.
Margem externa dos escudos radiais levemente curva e
interna reta (Fig.24a). Escamas ventrails menores que as
dorsais, imbricadas. Escudos orais afil ados anteriormente,
com o bordo distal curvo; adorais bem desenvolvidos,
alargadosno bordo distal e proximal mente unidos (Fig.24b).
Duas papilas orais de cada mandibula, distal retangular e
alongada, bem maior queaproximal. Um par deinfradentais
alongadas. Fenda bursal ampla. Placa braquial dorsal mais
larga que longa, em forma de leque e com as bordas
arredondadas; ventral pentagonal com pequenas
reentrancias laterais dos poros; laterais bem desenvolvidas
unindo-se dorsal e ventralmente. Duas escamas
tentaculares. Trés espinhos braquias.

Comentarios. A remocdo de Amphipholis squamata
do género Amphipholis para Axiognathus foi proposta por
Thomas (1966) apud Monteiro (1987), baseado nas placas
orais, escamas primarias e bracos curtos desta espécie.
A.M.Clark (1970) discordou de Thomas, poisasdiferengas
entre Amphipholis squamata e A. januarii (espécie tipo do
género) eram t&o superficiais que ndo permitiam considera-
las pertencendo a géneros distintos. Segundo Hendler et al.
(1995), desde suadescobertaaespéciejafoi registradacom
25 nomes diferentes em vérias regides e ha necessidade de
pesquisas para se determinar as estreitas relacdes genéticas
das diferentes populagdes de Amphipholis squamata e se
esta é verdadeiramente uma espécie bioldgica simples.
Segundo Madsen (1970) os maiores espécimes registrados
naliteraturamediram 5,0 mm e foram encontrados no oeste
da Africa; os menores podem ainda ndo possuir escamas
tentaculares desenvolvidas por todo brago.

Distribuicao Batimétrica. 0-1330 m. Thomas (1962)
coletou exemplares de Amphipholis squamata sobre
esponjas em regides de pouca profundidade; Bernasconi
(1926, 1965) citaaocorréncia destaespécie entre 0 e 40 m;
Madsen (1970), Tommas (1970, 1985) e Tommes et d. (1988a)
de0a740m; Bernasconi & D’ Agostino (1977) de0a250 m;
Gageet d. (1983) de0a809 m; Paterson (1985) de400a 1200
m; Albuquerque (1986) de 21 a52 m; Monteiro (1987, 1997)
de8a600m; Alva& Vadon (1989) de 0 a1000 m; Hendler
(1996) e Hendler et a. (1995) citam sua ocorrénciade O a
1330 m; Heitor (1996) de 38 2132 m e Alves & Cerqueira
(2000) coletaram-na na regido entremarés. Neste estudo a
espéciefol amostradaa 147 m.

Distribuicdo Geografica. Alva & Vadon (1989) e
Hendler et d. (1995) consideraram estaespécie cosmopolita,
com ocorréncia em todas as regifes exceto nos polos.
Atlantico: costaoriental, Florida, Argentina, Brasil (nordeste,
sudeste); Pacifico: Chile; Mar Adriético.
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Figura 24. Amphipholis squamata: a- vista dorsal; b- v. ventral (dd= 3,0 mm).
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Amphiura complanata Ljungman 1867
(Figs.25a-¢; 26a-d; 27a-d; 28a-f)

Amphiura complanata Fell 1962:11; Monteiro
1987:64,est.1V-ef; Manso 1991: 16.

Amphiura (Amphiura) complanata Tommasi 1970: 43, fig.
43

Material Examinado. 92 exemplares: um Est. 6654
(MHN-BOPH/MB-05); nove Est. 6656 (MHN-BOPH/MB-07);
cinco Est. 6656 (MHN-BOPH/MB-08); um Est. 6657 (MHN-
BOPH/MB-11); um Est. 6657 (MHN-BOPH/MB-12); oito
Est. 6673 (MHN-BOPH/MB-47); nove Est. 6678 (MHN-
BOPH/MB-55); seisEst. 6678 (MHN-BOPH/MB-56); seis
Est. 6679 (MHN-BOPH/MB-62); um Est. 6683 (MHN-BOPH/
MB-68); um Est. 6683 (MHN-BOPH/MB-69); um Est. 6684
(MHN-BOPH/MB-74); um Est. 6692 (MHN-BOPH/MB-83);
doisEst. 6692 (MHN-BOPH/MB-84); 11 Est. 6693 (MHN-
BOPH/MB-90); um Est. 6696 (MHN-BOPH/MB-93); um E<t.
6696 (MHN-BOPH/MB-94); oito Est. 6700 (MHN-BOPH/MB-
95); quatro Est. 6700 (MHN-BOPH/MB-96); 10 Est. 6704
(MHN-BOPH/MB-98); quatro Est. 6704 (MHN-BOPH/MB-
99) eum Est. 6789 (MHN-BOPH/MB-142). L at: 24°17.93 -
27°45.20'S; Long: 44°35.98 - 4803.00'W.

Descrigéo. Diémetro do disco: de 3,26 e 13,14 mm.
As caracteristicas observadas nestes exemplares coincidem
com as descrigdes de Tommasi (1970), Monteiro (1987) e
Manso (1991) (Fig.25).

Série de Crescimento. Foram examinados quatro
exemplarescom as seguintesmedidas dd: MHN-BOPH/MB-
90: 4,23 mm; MHN-BOPH/MB-08: 6,78 mm; MHN-BOPH/
MB-98: 9,00 mm; MHN-BOPH/MB-05: 11,57 mm.

Escamas primérias evidentes somente no exemplar
menor. Escudos radiais unidos posteriormente nos dois
menoresexemplares (Fig.26c, d); maisestreitosetotalmente
separados nos dois maiores (Fig.26a, b). Exemplar de 4,23
mm (Fig.26c), com cerca de 12 escamas pequenas e de
formatoirregular entre o par de escudosradiais; no de 6,78
mm, cerca de 18 e nos dois espécimes maiores cercade 25
(Fig.26a, b). Individuo menor com escudo oral mais
arredondado, t&o largo quanto longo e adorais separados
na por¢do anterior (Fig.27d); nostrés espécimes maiores os
orais sdo ovalados, maislongos quelargos, e adorais unidos
anteriormente (Fig.27a-c). No exemplar menor o espinho
hialino em formade gancho aparece apartir do 10° segmento,
sendo de dificil observacdo; no de 6,78 mm a partir do 15’;
no de 9,0 mm a partir do 13° e no maior a partir do 14°
segmento braquial. Exemplar menor com quatro espinhos
braguiais; individuo de 6,78 mm com cinco espinhos nos
primeiros segmentos e quatro nos posteriores, espécimes

maiores com seis espinhos braquiais nos primeiros
segmentos e cinco nos daextremidade (Fig.28).

DidribuigdoBatimétrica. 10-810m. Tommeasi (1970e
1985) coletou Amphiura complanata entre 30-130 m de
profundidade; Tommasi et a. (1988a, b) incluiram esta
espécie entre as que ocorreram em largo intervalo de
profundidade, de 40 a480 m; Monteiro (1987, 1990, 1997) de
15 a600 m; Manso (1988a, 1989, 1991) entre 25 e 122 m;
Absalo (1990) de 10 a50 m; Sumida(1994) a136 m; Heitor
(1996) entre40 e 138 m e Capitoli & Monteiro (2000) de30a
100 m. No presente estudo a espéciefoi coletadaentre 60 e
810m.

Distribuicdo Geografica. Atlantico Sul: Brasil
(sudeste e sul), Argentina (norte).
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Figura 25. Amphiura complanata: a-
vista dorsal (dd= 13,14 mm); b- v.
ventral (dd= 13,14 mm); c- v. parcial
dorsal do braco, com detalhes das
placas braquiais (dd= 9,0 mm); d- v.
parcial ventral do disco, com detalhes
do madreporito, escudos adorais e
papilas orais (dd= 11,57 mm); e- v.
parcial ventral do brago, com detalhes
das placas braquiais e espinhos em
forma de gancho (dd= 11,57 mm).
MA- madreporito; EAD- escudo
adoral; PO- papilas orais; EG-
espinho em forma de gancho.
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Figura 26. Amphiura complanata: vista parcial dorsal do disco, com detalhes das escamas e escudos radiais, mostrando algumas
alteracOes devido ao crescimento (a- dd= 11,57 mm; b- dd= 9,0 mm; c- dd= 6,78 mm; d- dd= 4,23 mm).
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Figura 27. Amphiura complanata: vista parcial ventral do disco, com detalhes dos escudos oral e adorais, mostrando algumas alteracGes
devido ao crescimento (a- dd= 11,57 mm; b- dd= 9,0 mm; c- dd= 6,78 mm; d- dd= 4,23 mm). EO- escudo oral; EAD- escudo adoral;
PO- papilas orais; Pl- papila infradental.
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Figura 28. Amphiura complanata: vista parcial ventral do braco, com detalhes dos espinhos, mostrando algumas alteragdes devido ao
crescimento (a,b- dd= 11,57 mm; c- dd= 9,0 mm; d,e- dd= 6,78 mm; f- dd= 4,23 mm). EG- espinho em forma de gancho.
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Amphiuraflexuosa Ljungman 1867 Distribuicdo Geogr&fica. Atlantico: regido norte,
(Figs.29a-c; 30a-C; 31a-c; 32a-C) Florida, Porto Rico, Barbados, Argentina (norte), Brasil
(sudeste e sul).

Amphiura flexuosa Lyman 1875: 17, pl.111, fig. 35-37; pl. V,
fig. 68; Monteiro 1987: 67, est. V- a, b, ¢, d; Manso 1991:
5.

Hemilepisflexuosa Fell 1962: 10.

Amphiura (Hemilepis) flexuosa: Tommasi 1970: 46, fig. 49-
50.

Material Examinado. 80 exemplares: um Est. 6655
(MHN-BOPH/MB-06); 39 Est. 6656 (MHN-BOPH/MB-09);
22 Est. 6656 (MHN-BOPH/MB-10); um Est. 6657 (MHN-
BOPH/MB-13); um Est. 6665 (MHN-BOPH/MB-37); um Est.
6672 (MHN-BOPH/MB-45); um Est. 6678 (MHN-BOPH/MB-
57), dois Est. 6693 (MHN-BOPH/MB-91); dois Est. 6679
(MHN-BOPH/MB-107); um Est. 6789 (MHN-BOPH/MB-
149); doisEst. 6794 (MHN-BOPH/MB-143); doisEst. 6814
(MHN-BOPH/MB-144); quatro Est. 6815 (MHN-BOPH/MB-
151) eum Est. 6822 (MHN-BOPH/MB-150). Lat: 24°20.84"-
2948.50'S; Long: 44°09.91 - 49°06.80°W.

Descricao. Didmetro do disco: de2,81a7,06 mm. As
caracteristicas observadas nestes exemplares coincidem
perfeitamente com as descri¢cdes contidas em Tommasi
(1970), Monteiro (1987) eManso (1991) (Fig.29).

Série de Crescimento. Foram examinados trés
exemplarescom as seguintesmedidas dd: MHN-BOPH/MB-
144: 3,68; 4,30 mm; MHN-BOPH/MB-150: 5,60 mm.

Dorsalmente poucas diferencas puderam ser notadas
com relacdo ao tamanho do disco, apenas que os escudos
radial snos exemplares menorestendem aser mais separados
anteriormente (Fig.30). Nos dois individuos menores
(Fig.31b, c) as reentréncias | atero-posteriores dos escudos
orais sdo menos acentuadas do que no exemplar maior
(Fig.314). Individuo menor com algumas escamas espal hadas
naregido ventral interradial (Fig.32c); nosdoismaioresesta
regido é praticamente nua(Fig.32a, b).

Distribuicdo Batimétrica. 8-810 m. Lyman (1875)
amostrou Amphiura flexuosa em profundidade de 183 m;
Tommasi (1970) entre 12 e 38 m, ecomentaque nas Antilhas
foi sempre encontrada em profundidades maiores que 100
m, enquanto que no litoral de S&o Paulo, apenasem peguenas
profundidades; Monteiro (1987, 1990, 1997) coletou-aentre
8e120 m; Tommasi et al. (1988a, b) de 17 a100 m; Manso
(19883, 1989, 1991) de 18 a101 m de profundidade; Absal &
(1990) de 10 250 m; Heitor (1996) entre 18 e 132 m e Capitali
& Monteiro (2000) de 30 2100 m. A espécie foi amostrada
neste estudo entre 60 e 810 m.

http://www.bi otaneotropica.org.br


http://www.biotaneotropica.org.br/v2n2/pt/abstract?article+BN02302022002

Borges, M. ; Monteiro, A.M.G. e Amaral, A.C.Z. - Biota Neotropica, v2 (n2) - BN02302022002

52

Figura 29. Amphiura flexuosa: a- vista dorsal (dd= 7,06 mm); b- v. ventral (dd= 7,06 mm); c- v. parcial dorsal do braco, com detalhes
dos espinhos e placas braquiais (dd= 5,6 mm).
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Figura 30. Amphiura flexuosa: vista parcial dorsal do disco, com detalhes dos escudos radiais, mostrando algumas alteracdes devido ao
crescimento (a- dd= 5,6 mm; b- dd= 4,3 mm; c- dd= 3,68 mm).
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Figura 31. Amphiura flexuosa: vista parcial ventral do disco, com detalhes dos escudos oral e adorais, mostrando algumas alteracGes
devido ao crescimento (a- dd= 5,6 mm; b- dd= 4,3 mm; c- dd= 3,68 mm). EO- escudo oral; EAD- escudo adoral; MA- madreporito;
PO- papilas orais; Pl- papila infradental.
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Figura 32. Amphiura flexuosa: vista parcial ventral do disco, com detalhes da regi&o interradial e escamas, mostrando algumas
alteracdes devido ao crescimento (a- dd= 5,6 mm; b- dd= 4,3 mm; c- dd= 3,68 mm).
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Amphiurajoubini Koehler 1912
(Fig.33a,b)

Amphiura joubini Mortensen 1936: 277-278, fig. 16, 17;
Tommas 1967a: 3-5, fig. 2; 1971 584-590; Bernasconi &
D Agostino 1977: 80-82, pr. 7, fig. 3, 4; Monteiro 1987:70,
est. VI-a,b, ¢, d; Manso 1991: 27.

Amphiodiajoubini Bernasconi & D"Agostino 1971 458.

Amphiura (Amphiura) joubini A. M. Clark 1970: 74;
Tommasi 1970: 47; Albuquerque 1978: 55, figs 16-18,
EstIl: ab.

Material Examinado. Trésexemplares: doisEst. 6657
(MHN-BOPH/MB-14) eum Est. 6666 (MHN-BOPH/MB-41).
Lat: 24°17.12°-2517.30°'S; Long: 44°12.17 - 46'55.60"W.

Descrigdo. Diametrododisco: de4,15a5,64 mm. Disco
coberto por escamas pequenas e imbricadas; primériasnem
sempre evidentes, centrodorsal presente. Disco circular com
reentrancias radiais e interradiais. Escudos radiais
cuneiformes, mais longos do que largos, divergentes,
separados por uma série de escamas irregulares (Fig.33a).
Superficieinterradial ventral do disco coberta por escamas
pequenas, menores que as dorsais e fortemente imbricadas.
Escudos orais losangulares, com leves reentrancias nas
regides latero-distais. Madreporito bem desenvolvido,
ovalado, com o bordo distal alargado e com poros. Escudos
adoraistriangulares, separados proximalmente e alargados
no bordo distal (Fig.33b). Duas papilasoraislaterais, distal
grande, espatulada e situada perpendicularmente a
mandibula (Fig.33b); mediana afilada e localizada
internamente aesta. Um par de papil asinfradentaisrobustas
esemidipticasno 8pice damandibula. Fendasbursaisamplas
marginadas por escamas pouco maiores que as do disco.
Placa bragquial dorsal mais larga que longa, arredondada
distalmente e afilada na porcé&o proximal; ventral quadran-
gular, tdo larga quanto longa nos segmentos basais e mais
longa do que larga nos demais; placas laterais estreitas.
Duas escamas tentaculares pequenas, sendo a da placa
ventral maior. Cinco espinhos braquiais; basais curvos.

Comentarios. Ostrés exemplares coletados estavam
bastantes danificados. M ortensen (1936) citaapresencade
cinco espinhos na base dos bragos, aumentando para seis
ou sete. Tommas (1967a, 1970) menciona que a espécie
possui de cinco a oito espinhos braquiais; Bernasconi &
D’ Agostino (1977) de cinco a seis e Albuquerque (1978),
sete. Monteiro (1987) menciona a ocorréncia de sete
espinhos nos segmento basais, decrescendo em ndmero
em direcdo a extremidade do braco, onde verificou-se trés
espinhos. Manso (1991) observou dois espinhos no 1°
segmento do brago, trés no 2°, 3° e 4° segmentos, quatro no
5°, cinco no 6°, seisdo 7° a0 12° segmento ecinco do 13°em
diante, sendo que no final do brago, 0 nimero de espinhos
foi igual aquatro.

Distribuicdo Batimétrica. 8-3834 m. Mortensen
(1936) coletou Amphiura joubini de 160 a 1080 m de
profundidade; Tommasi (1967a, 1970e1985) de17a60mde
profundidades, Monteiro (1987, 1990, 1997) entre8e 600 m;
Tommasi et a. (1988a, b) incluiram estaespécieentreasque
ocorrem em pequenas profundidades, de 17 a 100 m;
Bernasconi & D’ Agostino (1977) de 17 a1080 m; Albuquer-
que(1978) de 30 23834 m; Manso (1988a, 1989 € 1991) entre
20e100m; Heitor (1996) de23al115meCapitoli & Monteiro
(2000) de30 2100 m. Nesteestudo aespécieocorreude 60 a
163m.

Distribuicéo Geogr &fica. Pacifico: NovaZelandia;
Atlantico: Argentina, Uruguai, Brasil (sudesteesul); regido
antértica e subantartica.

Amphiuramilleri Marktanner Tur neretschel887
(Fig.33c, d)

Amphiuramilleri Tommasi 1970: 48.

Material Examinado. doisexemplares: um Est. 6791
(MHN-BOPH/MB-137) eum Est. 6791 (MHN-BOPH/MB-
138). Lat: 27°48.78'S; Long: 47°10.63'W.

Descrigdo. Diametro do disco: de 3,87 a4,32 mm. Disco
coberto por escamas pequenas e imbricadas. Primarias
evidentes. Escudos radiais estreitos, mais longos que lar-
gos, separados por cerca de trés escamas e tocando-se na
porcéo posterior (Fig.33c). Regido interradial ventral coberta
por escamas menores que as dorsais. Escudos orais pouco
mais longos que largos, arredondados nas regides anterior
e posterior, com leves reentréncias latero-posteriores. Es-
cudos adorais triangulares, separados anteriormente
(Fig.33d). Duas papilas orais laterais, distal situada
perpendi cularmente amandibulae medianaem nivel inferior
a esta. Um par de infradentais robustas no apice da
mandibula. Placasbraquiais dorsaistéo largas quanto longas.
Braguiais ventrais quadrangul ares, pouco mais longas que
largas. Uma escama tentacular situada na placa ventral.
Quatro espinhos braquiais.

Comentarios. Tommasi (1970) cita que os escudos
radiais de Amphiura milleri sdo totalmente separados por
uma fileira de pequenas escamas. No exemplar analisado
neste estudo, os escudos tocam-se na por¢do posterior.
Isto pode representar uma variacdo individual, ja que todo
restante coincide com a descri¢&o deste autor.

Distribuicdo Batimétrica. 134-600 m. Segundo
Tommasi (1970) Amphiura milleri é uma espécie com
ocorrénciaem grandes profundidades, ao redor dos 1000 m
eMonteiro (1997) registrou-ade 134 a600 m. Neste estudo
aespéciefoi coletadaa358 m.

Distribuicdo Geogr afica. Atlantico Sul: Brasil (leste
dos Rochedos de S&o Pedro e S&o Paulo, regi&o sul).

http://www.bi otaneotropica.org.br


http://www.biotaneotropica.org.br/v2n2/pt/abstract?article+BN02302022002
http://www.biotaneotropica.org.br/v2n2/pt/abstract?article+BN02302022002

Borges, M. ; Monteiro, A.M.G. e Amaral, A.C.Z. - Biota Neotropica, v2 (n2) - BN02302022002

57

Figura 33. Amphiura joubini, a- vista dorsal; b- v. ventral (dd= 5,64 mm); Amphiura milleri: c- v. dorsal; d- v. ventral (dd= 4,33 mm).
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Nudamphiura carvalhoi Tommasi 1965
(Fig.34a,b)

Nudamphiura carvalhoi Tommasi 1965: 4-5, fig. 2-5; 1970:
51

Material Examinado. Umexemplar daEs. 6678 (MHN-
BOPH/MB-58). Lat: 24’46.35'S; Long: 45'11.13'W.

Descricdo. Didmetro do discoigual a9,64 mm. Disco
com reentrancias interradiais, coberto por corpusculos
irregulares dispostos esparsamente e por espinhos
pequenos e robustos. Escudos radiais mais longos do que
largos rodeados por escamas grandes e irregulares, unidos
distalmente e separados no bordo proximal por escamas
arredondadas e elevadas (Fig.34a). Face ventral interradial
com espinhos pequenos e rombudos, semelhantes aos da
face dorsal. Escudos orais semi-ovalados com leves
reentrancias nas regiodes latero-posteriores. Adorais trian-
gulares, alargados distalmente e unidos na porg¢éo anterior
(Fig.34b). Madreporito bem desenvolvido, com umafileira
de poros na porc¢do distal. Duas papilas orais laterais, a
distal maior, subretangular; mediana afilada e situada em
nivel inferior apapiladistal. Um par deinfradentaisrobustas
e semi-€lipticas, umapeguenapapilaadicional entreesob o
par deinfradentais (Fig.34b). Fendasbursaisaargadas. Placa
braquial dorsal maislargado quelonga; ventral quadrangu-
lar; laterais estreitas. Umaescamatentacul ar pequena. Cinco
espinhos braguiais bem desenvolvidos.

Comentarios. No exemplar examinado os escudos
radiais apresentam-se unidos distalmente, ao contrério do
citado por Tommasi (1970), podendo-se atribuir este fato a
variagBes individuais ou devido a diferentes fases de
crescimento. Em um dos trés bragos presentes no exemplar
estudado, no 1° segmento ha duas escamas tentaculares,
enguanto nos demais somente um. O referido autor comenta
gue em trés bragos, ha duas escamas tentaculares no 1°
segmento e nos demai s somente uma escama.

Distribuicdo Batimétrica. 15-117 m. Tommasi (1970,
1985) amostrou exemplares de Nudamphiura carvalhoi de
50a73 mdeprofundidade; Manso (1988a, 1989) de43a75
m; Heitor (1996) de 25a71 m; Monteiro (1990, 1997) de15a
117 m e Capitoli & Monteiro (2000) entre 30 e 100 m. No
presente trabalho a espécie foi amostradaa 99 m.

Distribuicao Geogréfica. Atlantico Sul: Brasil
(sudeste e sul).

OPHIOTRICHIDAE

Ophiothrix angulata (Say 1825)
(Fig-34c, d)

Ophiothrix angulata Parslow & Clark 1963:45; Tommasi
1967h:50; Tommasi 1971:157; Monteiro 1987: 90, est.IX -
ab,c,d; Hendler etal. 1995:180, fig. 95.

Ophiothrix (Ophiothrix) angulata Tommasi 1970:60, pl
XXV, figs. 53-54; Albuquerque 1986:170, fig. 27 a, b,c;
est. I1X:fig.2a, b, c.

M aterial examinado. Umexemplar daEst. 6681 (MHN-
BOPH/MB-66). Lat: 2511.00'S; Long: 44'56.65"'W.

Descricdo. Diametro do disco: 2,64 mm. Disco coberto
por espinhos hialinos pequenos bifidos e trifidos. Escudos
radiais afilados anteriormente, alargados e unidos na por¢éo
distal. Entre os escudos observa-se escamas com espinhos
pequenos. Presenca de espinhos também nos escudos
radiais (Fig.34c). Regido interradial ventral coberta por
espinhos, exceto préximo as fendas bursais. Escudo oral
maislargo quelongo, com umaleve projecéo no bordo dis-
tal, afilado anteriormente. Adoraisalargados naporc¢éo pos-
terior e unidos proximamente. Mandibulacom aberturana
regido mediana e sem papilas orais naregido lateral. Um
feixe de papilasinfradentai sno apice damandibula(Fig.34d).
Fendas bursais amplas. Placa braquial dorsal pegquena,
losangular e sobreposta a seguinte; ventral maislongaque
larga. Umaescamatentacul ar.

Comentérios. O exemplar analisado apresenta-se
bastante danificado. Tommasi (1970), Albuquerque (1986),
Monteiro (1987) eHendler et . (1995) mencionam apresenca
de espinhos longos e trand Gicidos sobre a superficie dorsal
do disco, além de pequenos bifidos e trifidos. No presente
material observou-se somente 0s espinhos pequenos, mas
Monteiro (1987) mencionaqueindividuos com diametro do
disco menor que 4,0 mm ndo apresentam espinhos longos.
Para fins de comparacdo, foram analisados também dois
exemplares de Ophiothrix angulata da Colecdo de
Referénciada Universidade Estadual de Campinas (MHN-
BOPH/MB-101) queauxiliaram naidentificaco do material
estudado.

Distribuicao Batimétrica. 1-540 m. Tommas (1970,
1985) coletou exemplares de Ophiothrix angulata de 40 a
58 m de profundidade; Albuquerque (1986) de 1 a 120 m;
Monteiro (1987, 1990, 1997) de 5 a 120 m; Hendler et a.
(1995) de 1 a540 m; Heitor (1996) de 22 a71 m; Capitoli &
Monteiro (2000) de 13 a30 m e Alves & Cerqueira (2000)
coletaram-na naregido entremarés. Neste estudo a espécie
foi coletadaal68 m.

Distribuicdo Geogr &fica. Atlantico: daCarolinado
Norte ao sul do Brasil.
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Figura 34. Nudamphiura carvalhoi, a- vista dorsal; b- v. ventral (dd= 9,64 mm); Ophiothrix angulata: c- v. dorsal; d- v. ventral (dd= 2,64
mm).
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Ophiothrix rathbuni Ludwig 1882
(Figs.35a-f; 36a-g; 37a-d)

Ophiothrix rathbuni Monteiro 1987: 95, Est. VIII a, b, ¢, d.

Ophiothrix (Ophiothrix) rathbuni Tommasi 1970: 61, pl.
XXVI, figs. 56,57; 1971 7, figs. 21-23; Albuquerque
1986:178, figs. 284a, b, ¢, Est. X, fig. 1a b, c.

Material examinado. 276 exemplares: 151 E<t. 6661
(MHN-BOPH/MB-31); um Est. 6664 (MHN-BOPH/MB-32);
um Est. 6681 (MHN-BOPH/MB-67); 95 Est. 6686 (MHN-
BOPH/MB-80) eum Est. 6686 (MHN-BOPH/MB-81). Lat:
24°07.63 - 2536.98'S; Long: 44°06.55- 4551.89'W.

Descricéo. Diametro do disco: de 1,94 a 12,92 mm.
Disco coberto por escamas e espinhos alongados e opacos,
com denticulos marginais, além de espinhos curtos, bifidos
e trifidos. Maior parte do disco ocupada pelos escudos
radiais, triangulares, com a porcédo proximal afilada,
separados entre si por escamas e pequenos espinhos. N&o
ha espinhos sobre os escudos (Fig.35a, b). Regido ventral
interradial com escamas imbricadas e transl(cidas com
poucos espinhos curtos bifidos e trifidos (Fig.35d, €).
Proximo aos escudos orais e fendas bursai s ndo ha espinhos
(Fig.35e). Escudos orais mais largos que longos, com uma
pequena projecdo no bordo distal e afilados naporgéo proxi-
mal. Adorais ovalados, unidos proximalmente (Fig.35d).
Mandibula com uma fenda mediana préxima aos escudos
adorais. Um feixe de papilas infradentais no apice da
mandibula, ndo hapapilasoraislaterais (Fig.35f). Poro ten-
tacular oral bastante visivel; fendas bursais amplas. Placa
braquial dorsal losangular; 12e 22 placas braquiais ventrais
com uma depressdo na regido mediana, geralmente mais
longas que largas, demais placas mais largas que longas,
com leves reentrancias nas regides proximal e distal
(Fig.35d). Placasbraguiaislateraisbem desenvolvidas, porém
ndo tocando-se nasfaces dorsal eventral. Umaescamaten-
tacular pequena. Sete espinhos braquiais alongados e
trand (icidos, com denticulos marginais (Fig.35c). A partir
do 8° ou 9° segmento, 0 1° espinho ventral aparece em forma
de gancho.

Comentarios. Em alguns exemplares de Ophiothrix
rathbuni os escudos radiais unem-se na porcao distal e em
outros ndo. Monteiro (1987) cita que os escudos radiais
apresentam-se separados apenas ha metade proximal, por
duas ou trés placas alongadas com pequenos espinhos no
espécime menor, e totalmente separados, exceto na
extremidade distal, no maior. Tommasi (1970), Albuquerque
(1986) e Monteiro (1987) citam apresencado espinho ven-
tral modificado em gancho, voltado parao disco. No presente
trabalho, somente alguns exemplares apresentaram este

espinho

Série de Crescimento. Foram examinados quatro
exemplarescom as seguintesmedidas dd: MHN-BOPH/MB-
80: 3,07; 6,03; 8,12 mm; MHN-BOPH/MB-67:-12,92 mm.

Exemplar menor com disco coberto principal mente
por espinhos curtos, porém ocorrem cerca de seis espinhos
aongados (Fig.36f, g); individuo de 6,03 mm, disco coberto
com somente espinhos curtos; no de 8,12 mm, disco com
poucos espinhos alongados, sendo coberto principalmente
pelos curtos e exemplar de 12,92 mm com disco coberto por
escamas e espinhos alongados, denticulos marginais, além
de espinhos curtos bifidos etrifidos. Escudos radiais unidos
posteriormente nos dois exemplares menores (Fig.36e-g) e
totalmente separados nos dois maiores (Fig.36a-d). Nosdois
individuos menores ha menos espinhos na regido ventral
interradial (cobertaprincipal mente por escamas), do que nos
dois maiores. Escudos adorai s alongados nos trés menores
exemplares (Fig.37b-d), no maior, estes escudos séo
aargados na porcéo posterior (Fig.37a). Espécime menor
com cinco espinhos braquiais; maiores com sete. No
individuo menor o espinho ventral modificado em gancho
aparece apartir do 4° ou 5’ segmento braquial; nos maioresa
partirdo8 ou 9".

Distribuicdo Batimétrica. 8-600 m. Tommasi (1970,
1971, 1985) coletou Ophiothrix rathbuni de 50 2180 m de
profundidade; Albuquerque (1986) de 1032104 m; Monteiro
(1987, 1990, 1997) de8a600 m; Tommas et a. (1988a) entre
60e410m; Heitor (1996) de47 a147 meCapitoli & Monteiro
(2000) a 154 m. Nestetrabalho aespéciefoi coletadade 140
as500m.

Distribuicéo Geogr éfica. Atlantico Sul: Brasil (de
norte asul).
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Figura 35. Ophiothrix rathbuni: a- vista dorsal (dd= 12,92 mm); b- v. parcial dorsal do disco, com detalhes dos espinhos (dd= 12,92
mm); c- detalhes dos espinhos braquiais (dd= 12,92 mm); d- v. ventral (dd= 12,92 mm); e- v. parcial ventral do disco, com detalhes dos
espinhos e escamas (dd= 6,03 mm); f- v. parcial ventral do disco, com detalhes da mandibula e papilas infradentais (dd= 6,03 mm).
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hos,
mostrando algumas alterages devido ao crescimento (a,b- dd= 12,92 mm,; c,d- dd= 8,12 mm; e- dd= 6,03 mm; f,g- dd=
307mm),
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Figura 37. Ophiothrix rathbuni: vista parcial ventral do disco, com detalhes dos escudos oral e adorais e feixe de papilas, mostrando
algumas alteracOes devido ao crescimento (a- dd= 12,92 mm; b- dd= 8,12 mm; c- dd= 6,03 mm; d- dd= 3,07 mm). EO- escudo oral;
EAD- escudo adoral; FP- feixe de papilas.
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4.CONSIDERACOESFINAIS

A familia Amphiuridae foi amelhor representadana
regido estudada, contribuindo com 10 espécies, seguidada
familia Ophiuridae, com 5 espécies. Das 25 espécies aqui
analisadas Ophiostriatus striatus e Amphilimna mirabilis
constituem ocorréncias novas para a costa brasileira.

Quanto a abundancia especifica destacaram-se
Ophiura ljungmani com 2593 (52,2%) e Ophiomisidium
pulchellumcom 1427 (28,7%), representando 80,9% do ma-
terial coletado. Monteiro (1997) também jahaviaregistrado
grande nimero de Ophiura ljungmani (15.980) e
Ophiomisidium pulchellum (578) entre 15e 600 mnollitoral
de S&o Paulo, sendo que afamilia Amphiuridae também foi
amelhor representada.

O maior nimero deindividuos e espéciesdeofiurdides
foi coletado com a draga retangular, embora algumas
pertencentesafamilia Amphiuridaeforam razoavel mente bem
amostradas com o van Veen e o “box corer” . Estefato pode
ser parcialmente explicado pelo habito de vida das espécies
destafamilia, que na maioria das vezes, apresentam pouca
mobilidade.

Outro fator que deve ser considerado aqui € o hébito
greg&rio de muitas espécies de ofiurdides que, segundo
Reese (1966) pode ser explicado como reactesindividuais
as condic¢des do ambiente, como disponibilidade deaimento
e tipo de substrato. De acordo com Monteiro (1987) e
Hendler (1996) sdo comumente encontradas grandes areas
cobertas por uma ou mais espéci es, formando os chamados
bancos de ofiurdides. Sumida (1994) sugere que tais
agrupamentos possivelmente ocorram em zonas mais
profundas, onde existe umamaior dominancia de algumas
espécies, como por exemplo Ophiura ljungmani.

Atualmente autilizacdo de tecnol ogiaavangcadacomo,
microscopia€l etronica e estudos de biologiamol ecular dos
organismos, vém complementando ataxonomiamorfol 6gica,
aqual utilizaaobservagéo de caracteres corporaisexternos.
Segundo Monteiro (1987) as estruturas morfol dgicas, nos
jovens de varias espécies de ofiurdides, diferem bastante
dasdos adultos. Estamesmaautora, analisando 19 espécies
desta classe, notou que 0 nimero e o formato das escamas
dorsais do disco diferem entre individuos jovens e adultos
de umamesmaespécie. Emindividuos menores asescamas
s30 maiores e em menor ndmero. A autora notou também
diferencas com relacdo ao tamanho dos espinhos em
individuos jovens e adultos de Ophiothrix angulata e O.
rathbuni.

Geralmente os individuos jovens apresentam a
cobertura dorsal do disco constituida inteiramente pelas
escamas primarias e, a medida que crescem, surgem
pequenas escamas entre estas, que aumentam em nimero e
tamanho, ficando asvezes, dificil deidentificar asprimérias
no adulto. Porém, em algumas espéciesas escamas priméarias

permanecem evidentes durante toda a vida, podendo até
apresentar coloragdo diferente.

A forma dos escudos radiais muda pouco com o
crescimento doindividuo, sendo portanto, umacaracteristica
morfol 6gicaimportante no reconhecimento da espécie. De
acordo com Monteiro (1987), estas estruturas podem tornar-
se mais alongadas, como € o caso de Amphipholis subtilis,
onde um exemplar com 2,0 mm de diémetro do disco tem os
escudos quatro vezes mais longos do que largos, e em um
espécime com 4,0 mm estes sdo 6,5 vezes mais longos do
que largos. O que geralmente acontece é o aumento do
nlimero de escamas entre o par de escudos radiais.

As observagdes realizadas no presente trabal ho, fo-
ram semel hantes as constatadas por Schoener (1967, 1969),
Monteiro (1987) e Sumidaet al. (1998), de que a estrutura
oral pode sofrer mudancgas com o desenvolvimento do ani-
mal, havendo ateragdes no tamanho dos escudos orais e
adorais ou no nimero elocalizagéo das papilasorais. Podem
ser verificadas ainda, ateracBes em um mesmo individuo,
como por exemplo o nimero de papilasoraisnasdiferentes
mandibulas de Ophiacantha cosmica, indicando variagdo
individual e ndo relativaao tamanho. Em algumas espécies
as estruturas bucais permanecem quase inalteradas nas
diferentes fases de crescimento, como foi observado para
O. cosmica.

Segundo Monteiro (1987), o formato das placas
braquiais também pode variar conforme o tamanho do ex-
emplar, mas geralmente as dos jovens sdo semelhantes as
das extremidades dos bracos do adulto. Alguns
autores (Schoener 1967, 1969, Turner & Miller 1988,
Monteiro et al. 1992, Sumida et al. 1998) vém realizando
trabalhos com desenvolvimento pés-larval e série de
crescimento de ofiurdides, descrevendo caracteristicas que
possibilitam a identificacdo de algumas espécies, mesmo
em estdgiosiniciais de vida. As diferencas com relagdo ao
tamanho de Ophiura ljungmani foram descritas por
Schoener (1967) e Sumidaet al. (1998). Segundo Schoener
(1967) o estudo dos estagios pés-larvais tem sido
considerado de grande importéncia na resolucéo de
problemas filogenéticos. Hendler (1988) mencionou que a
ontogénese de estruturas homologas em ofiuréides pos-
larvais, pode ser Gtil para definir relagdes sistematicas e
filogenéticas entre grupos taxondmicos. O estudo e
descrigéo dasfasesiniciais do desenvolvimento dosjovens
€ de grande importancia, uma vez que estes organismos
estdo sujeitos a uma el evada taxa de mortalidade devido a
predacéo.

A observac&o e descricdo de cada uma das espécies
estudadas, com base nas caracteristicas morfoldgicas do
maior exemplar e nasérie de crescimento, permitem afirmar
que algumas estruturas permanecem inalteradas durante
toda a vida do organismo, enquanto outras estéo sujeitas a
transformacoes.
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A andlise da distribuicdo dos ofiurdides permite
verificar que o estoque regional (sul e sudeste do Brasil)
esta constituido principalmente por espécies comuns ao
Atlantico Ocidental, dasquais: 11 tém ampladistribuicéo na
costa brasileira (Ophiacantha cosmica, Ophiomyces
frutectuosus, Ophiomisidium pulchellum, Ophiura
[jungmani, Amphipholizona delicata, Ophiactis lymani,
Ophiactis savignyi, Amphilimna olivacea, Amphipholis
sguamata, Ophiothrix angulata e Ophiothrix rathbuni); e
oito tém ocorrénciaregistrada somente para o sul e sudeste
(Ophioleptoplax brasiliana, Ophiacantha brasiliensis,
Ophiomastus sateliate, Ophiomusiumanaelisae, Ophiactis
brasiliensis, Amphioplus lucyae, Nudamphiura carvalhoi
e Amphiura complanata). No entanto, estes registros estéo
limitados a poucos estudos ao longo da costa.

Tommasi (1985), estudando os equinodermos da
regido dallhadaVitoria(SP), citou aexisténciadetrésgrupos
faunisticos distintos, incluindo espécies tropicais, sub-
tropicais e subantérticas. No grupo das tropicais estéo
incluidas Ophiothrix angulata e Amphipholis squamata,
sendo que ambas ocorrem em toda costa brasileira. Dentre
as sub-tropicais estdo Amphioplus lucyae, Amphiura
complanata, Nudamphiura carvalhoi e Ophiothrix
rathbuni. Entretanto, Albuquerque (1986) obteve
Ophiothrix rathbuni no nortedo Brasil. Como subantértica,
Tommasi (1985) cita apenas Amphiura joubini. Estaéuma
espécie com distribuicdo circumpolar antéartica e
subantértica, mas com registrosnacostaatlanticaaté o Brasil.
Segundo Tommasi (1970, 1971, 1985) é abundantenolitoral
de S&o Paulo e sua ocorréncia pode ser justificada pela
presenca de &guas frias (Agua Central do Atlantico Sul)
sobre a plataforma continental.

A maioria das espécies amostradas neste estudo ja
haviam sido registradas por Monteiro (1997) na regido
sudeste entre 8 e 600 m de profundidade.

Com relacdo a distribuicdo batimétrica dos
Ophiuroidea, Fell (1966) mencionaque, se houver aimento,
oxigénio disponivel emovimentagdo daagua, estesanimais
podem tolerar umavariacdo de profundidade, como é o caso
de Amphipholis squamata e Amphiura joubini.

Segundo Melo (1985) fatores como atemperatura e
tipo de substrato podem ser mais importantes na limitagcéo
dadistribuicéo das espécies, do que aprofundidade. Pal&cio
(1982) jaenfatizavaaimportanciadatemperaturacomo fator
limitante da distribuicdo de organismos marinhos e Fujita
(1996), estudando adistribui¢ao batimétricados ofiurdides,
registraumaquedabruscadatemperaturaentre 100 €400 m
relacionando aisso as mudancgas observadas na composi ¢&o
especifica dafauna de Ophiuroidea do norte do Japao.

Deacordo com Rizzo (2002), estabel ecer padrestanto
batimétricos quanto biogeograficos constitui uma tarefa
bastante complexa, devido a existéncia de lacunas
taxondmicas, que impedem o conhecimento damacrofauna

bentdnica marinha da plataforma e talude continental, e a
auséncia de estudos sobre diversos aspectos ecol égicos,
como dispersdo, modo de desenvolvimento, assentamento
larval, recrutamento e toleréncia a temperatura e presséo.
Segundo a autora, de um conjunto de fatores abi6ticos
influenciando a distribuicéo das espécies marinhas, como
luminosidade, presséo, salinidade e propriedades do
substrato, o principal seriaatemperatura. Porém, quando se
trata de organismos de maior profundidade, onde existe
pouca variagdo de temperatura, alguns estudos realizados
(Young & Tyler, 1993; Young, et al., 1996, entre outros)
sugerem que um dos principais fatores que estariam
influenciando a distribuicdo das espécies seria a presséo,
atuando principalmente nos estagios iniciais de
desenvolvimento.

Neste estudo, a maioria das espécies foram
amostradas dentro doslimites de profundidadejaregistrados
para cada uma delas; apenas sete tiveram este limite
ampliado: Ophioleptoplax brasiliana de 148 m, para520 m;
Ophiomusium anaelisae de 180 m para 258 m; Ophiactis
brasiliensis, de 41 para 163 m; Amphioplus albidus de 14
para500 m; Amphiura complanata de 600 para810 m e A.
flexuosa de 183 para810 m. Ophiostriatus striatus, espécie
amostradaem grandes profundidades, entre 1370 e 3500 m,
foi amostrada neste estudo entre 270 a430 m.

Com base em estudos realizados na costa brasileira,
tanto em regiBes mais rasas quanto em mais profundas
(Tommasi 1970, Monteiro 1987, 1990, 1997, Absaldo 1990,
Heitor 1996, Alves & Cerqueira2000, Capitoli & Monteiro
2000) pode-se considerar que a fauna de ofiurdides
amostrada no presente estudo estd representada
principal mente por espécies de ampla distribui¢éo
batimétrica como Ophiomisidium pulchellum,
Amphipholizona delicata, Ophiactis lymani, Amphilimna
olivacea, Amphioplus lucyae, Amphipholis squamata,
Amphiura complanata, A. flexuosa, A. joubini e Ophiothrix
rathbuni, que ocorrem de cercade 10 até mais de 500 m de
profundidade. Foram obtidas também espécies
caracteristicas de regifes mais rasas (plataforma interna)
como Ophiactis brasiliensis e Ophiactis savignyi, embora
estalltimajatenhasido registradaa518 m por Hendler et a.
(1995) no Atléantico Norte. As espécies Ophiomastus
satelitae, Ophiura ljungmani, Ophiacantha cosmica,
Ophiomyces frutectuosus e Amphiura miulleri s&o
preferencialmente amostradas em profundidades maiores que
100 m, ndo havendo registros abaixo deste limite para
Ophiomastus satelitae, Ophiura ljungmani e Amphiura
milleri.

http://www.bi otaneotropica.org.br


http://www.biotaneotropica.org.br/v2n2/pt/abstract?article+BN02302022002

Borges, M. ; Monteiro, A.M.G. e Amaral, A.C.Z. - Biota Neotropica, v2 (n2) - BN02302022002 66

5. AGRADECIMENTOS

Agradecemos a Fundacdo de Amparo a Pesquisa
(FAPESP) pela concesséo da bolsa de mestrado (Processo
no. 99/05295-0) e auxilio recebido, & Universidade Estadual
de Campinas (UNICAMP) pelautilizagdo dainfra-estrutura
durante o desenvolvimento do projeto, ao Ministério do
Meio Ambiente dos Recursos Hidricos e da AmazéniaLe-
gal (MMA) pelo auxiliofinanceiro ao Programade Avaliagéo
do Potencial Sustentével dos Recursos Vivos da Zona
EconémicaExclusiva(REVIZEE) eatodos que de alguma
formacolaboraram paraarealizacéo deste trabal ho.

6.REFERENCIASBIBLIOGRAFICAS

ABSALAOQ, R. S. 1990. Ophiuroid assemblages off the Lagoa
dosPatosoutlet, southern Brazil. Ophelia31 (2):133-143.

ALARCON, J.G.C. 1968. Contribucion al conocimiento de
los ofiuroideos chilenos. Instituto Central de Biologia
(14):1-76.

ALBUQUERQUE, M.N. 1978. Amphiura Forbes, 1843 e
Amphioplus Verril, 1889 das regides Antartica e
Subantartica (Echinodermata — Ophiuroidea —
Amphiuridae). Dissertacgo de Mestrado, Universidade
Federal do Rio de Janeiro, Rio de Janeiro.

ALBUQUERQUE, M.N. 1986. OphiuroideaGray, 1840 (Echi-
nodermata) da plataformacontinental do norte e nordeste
brasileiro. Tese de Doutorado, Universidade de S&o
Paulo, S&o Paulo.

ALBUQUERQUE, M.N. & GUILLE, A.1991. Ophiuroidea
(Echinodermata) ao largo do Brasil: Banco dosAbrolhos,
Cadeia SubmarinaVitoria-Trindade e Plataforma Conti-
nental Adjacente. Boletim do Museu Nacional 353:1-30.

ALBUQUERQUE, M.N.; CAMPOS-CREASEY, L.S. &
GUILLE, A. 2001. Two new speciesof Amphiuridae (Echi-
nodermata, Ophiuroidea) from the southeastern coast
of Brazil. Zoosystema 23 (3): 591-604.

ALLEN, J.M. 1982. Functional structure of soft-bottom fish

communities of the southern californiashelf. San Diego,
Cadlifornia. Dissertation, University of California.

ALVA, V. & VADON, C. 1989. Ophiuroidsfrom thewestern
coast of Africa (Nambia and Guinea-Bissau). Scientia
Marina53(4):827-845.

ALVES, O.FS. & CERQUEIRA, W.R.P. 2000. Echinodermata
daspraiasde Salvador (Bahia, Brasil). RevistaBrasileira
deZoologial7(2):543-553.

ALVES, E. C. & PONZI, V.R.A. 1984. Caracteristicas
morfol dgico-sedimentares da plataforma continental e
talude superior damargem continental sudestedo Brasil.
In Anaisdo XX XI11 Congresso Brasileiro de Geologia.

RiodeJaneiro, p.1629-1642.

AMBROSE, W.G. 1993. Effectsof predation and disturbance
by ophiuroids on soft-bottom community structure on
Osdlofjord: Results of a mesocosm study. Marine Ecol-
ogy Progress Series 97:225-236.

BARNARD, J.L. & ZIESENHENNE, F.C. 1961. Ophiuroid
communities of southern californian coastal bottoms.
Pecific Naturalist 2(2):132-152.

BARTSCH, |. 1983. Ophiuroidea (Echinodermata) from the
northeastern Atlantic deep sea. Meteor
Forschungsergebni sse 36:13-20.

BERNASCONI, I. 1926. Unaofiuraviviparade Necochea.
Analesdel Museo Nacional de HistoriaNatural (3):145-
153

BERNASCONI, I. 1965. Ophiuroidea de Puerto Deseado
(SantaCruz, Argenting). Physis 25(69):143-152.

BERNASCONI, |.& D"AGOSTINO, M. M. 1971. Ofiurcideos
argentinos. Claves para ordenes, subordenes, familias,
subfamiliasy generos. Physis30(81):447-469.

BERNASCONI, |.& D"AGOSTINO, M. M. 1977. Ofiurcideos
del mar Epicontinental Argentino. Revista del Museo
Argentino de CienciasNaturales (Hidrobiologia) 5(5):65-
114,

BOFFI, E. 1972. Ecological aspects of ophiuroidsfromthe
phytal of S. W. Atlantic Ocean warm waters. Marine Bi-
ology 15(4):316-328.

BORGES, M. 2001. Biodiversidade de Ophiuroidea (Echino-
dermata) daplataformaetalude continental dacostasul-
sudeste brasileira. Dissertacdo de Mestrado,
Universidade Estadual Paulista, Rio Claro.

CAPITOLI,R.R.& MONTEIRO, A.M.G. 2000. Digtribuicdo
e abundancia de ofiuréides na plataforma interna do
extremo sul do Brasil. Atlantica22:41-56.

CHERBONNIER, G. & SIBUET, M. 1972. Résultats
scientifiques de la campagne Noratlante: Astérides et
Ophiurides. Bulletin du Muséum National D" Histoire
Naturelle3(102):1333-1394.

CHERBONNIER, G. & GUILLE, A. 1978. Faune de Mada-
gascar. Echinodermes.Ophiuroides. Editions C.N.R.S.,
Paris. 272 p.

CLARK, A.M. 1970. Notes on the Family Amphiuridae
(Ophiuroidea). Bulletin of the British Museum (Natural
History) Zoology 19(1):1-81.

DEVANEY, D.M., 1974. Shallow water Asterozoansof South-

eastern Polynesiall. Ophiuroidea. Micronesica10(1):105-
204.

FELL, H.B. 1960. Synoptic keysto the generaof Ophiuroidea.
Zoology Publications from Victoria University of
Wellington (26):1-44.

FELL, H.B. 1962. Evidencefor thevalidity of Matusumot’s

http://www.bi otaneotropica.org.br


http://www.biotaneotropica.org.br/v2n2/pt/abstract?article+BN02302022002
http://www.biotaneotropica.org.br/v2n2/pt/abstract?article+BN02302022002

Borges, M. ; Monteiro, A.M.G. e Amaral, A.C.Z. - Biota Neotropica, v2 (n2) - BN02302022002 67

classification of the Ophiuroidea. Publicationsof the Seto
MarineBiological Laboratory 10(2):1-8.

FELL, H. B. 1966. Theecology of ophiuroids. In Physiology
of Echinodermata (Boolootian, ed.). John Wiley, New
York, p.129-145.

FIGUEIREDO, A.G. & MADUREIRA, L. S.P.(coord.) 1999.
Programa de Avaliacdo do Potencial Sustentavel de
Recursos Vivos na Zona Econdmica Exclusiva —
REVIZEE. Relatério Final dos Dados Geoldgicos.
Subcomité Regional Sul. Area de Oceanografia
Geoldgica, 58 p.

FIGUEIREDO, A. G. & TESSLER, M. G. 1999. Programade
Avaliagdo do Potencial Sustentavel de Recursos Vivos
na Zona Econdmica Exclusiva— REVIZEE. Relatorio.
Subcomité Regional Sul. Area de Oceanografia
Geoldgica.

FUJITA, T. 1996. Bathymetric Distribution of Ophiuroids
(Echinodermata) off Senday Bay, Northern Japan, with
Notes on the Diet of the Roughscale Sole Clidoderma
aperrimum (Pisces, Pleuronectidae). Memoirs of the
National Science Museum (Tokyo) (29):209-222.

FURTADO, V. V. & MAHIQUES, M. M. 1990. Distribui¢&o
de sedimentos em regides costeiras e plataf orma conti-
nental norte do Estado de S&o Paulo. In Anais|l Simpdsio
de Ecossistema da Costa Sul e Sudeste Brasileira:
Estrutura, Funcio e Mangjo, v.1. Aguasde Linddia, p.20-
2.

GAGE, J.D.; PEARSON, M.; CLARK, A.M.; PATERSON,
G.L.J & TYLER, PA. 1983. Echinoderms of the Rockall
Trough and adjacent areas. |. Crinoidea, Asteroideaand
Ophiuroidea. Miscellanea. Bulletim of the British Mu-
seum (Natural History) Zoology 45(5):263-308.

GUILLE, A. 1968. Sur la présence d Ophiactis savignyi
Mdller et Troschel dans larégion de Banyuls-sur-mer.
Vieet Milieu19(2 A):497-500.

HADEL,V.F, MONTEIRO,A.M.G.,DITADI,A.SF, TIAGO,
C.G. & TOMMASI, L.R. 1999. Echinodermata, In
Biodiversidade do Estado de Séo Paulo, Brasil: Sintese
do Conhecimento ao Final do Século XX, 3:
Invertebrados Marinhos (Migotto, A.C. & Tiago, C.G.,
eds.). FAPESP, S&o Paulo, p. 260-271.

HARMELIN, J.G.; BOUCHON, C. & HONG, J.S. 1981. Im-
pact delapollution sur ladistribution des échinodermes
des substracts durs en Provence (Méditerranée Nord-
Occidentale). Téthys10(1):13- 36.

HEITOR, S.R. 1996. Composi¢&o edistribui¢do de Echino-
dermata na Plataforma Continental da Regi&o daBacia
de Campos (RJ), Brasil. Dissertacdo de Mestrado,
Universidade de S&o Paulo, S&o Paulo.

HENDLER, G. 1988. Ophiuroid skeleton ontogeny reveals
homologies among skeletal plates of adults: a study of
Amphiura filiformis, Amphiura stimpsonii and

Ophiophrgmusfilograneus (Echinodermata). Biological
Bulletin174:20-29.

HENDLER, G. 1996. Taxonomic Atlas of the Benthic Fauna
of the Santa Maria Basin and Western Santa Barbara
Channel. Class Ophiuroidea. Miscellaneous Taxa
(14):113-179.

HENDLER, G.,MILLER, JE.,PAWSON,D.L.& KIER, PM.
1995. Sea stars, sea urchins and allies: echinoderms of
Floridaand the Caribbean. Smithsonian Institution Press,
Washington.

HYMAN, L.H. 1955. The Invertebrates. Echinodermata—
Thecoelomate Bilateria. McGraw, New York. 763 p.

IRIMURA, S. 1981. Ophiuransfrom Tanabe Bay and Its Vi-
cinity, with the Description of a New Species of
Ophiocentrus. Publications of the Seto Marine Biologi-
cal Laboratory XX V1(1/3):15-49.

KAWAKAMI, E. 1975. Alimentacdo de Pleuronectiformes
(Andlise comparativa e bionomia). Dissertacdo de
Mestrado, Universidade de S&o Paulo, S&o Paulo.

LIMA-VERDE, J.S. 1969. Primeiracontribuicdo ao inventario
dos equinodermas do nordeste brasileiro. Arquivos de
Ciénciasdo Mar 9(1):9-13.

LYMAN, T. 1875. Ophiuridae and Astrophytidae. VIII.
Bulletim of the Museum of Comparative Zoology at
Harvard University (8):1-34.

LYMAN, T. 1878. Ophiuridae and Astrophytidae of the Ex-
ploring voyage of H.M.S. “Challenger” under Prof. Sir
Wyville Thompson . Bulletim of the Museum of Com-
parative Zoology at Harvard University 6(7):66-168.

MADSEN, F. J. 1970. West African Ophiuroids. Atlantide
Report (11):151-243.

MADSEN, F. J. 1983. A review of the Ophioleucinae stat.
rev. (Echinodermata, Ophiuroidea) with the erection of a
new genus, Ophiostriatus. Steenstrupia Zoological
Museum 9(2):29-69.

MAHIQUES, M .M. 1998. Caracteristicasdamatériaorganica
sedimentar daplataformacontinental internaemédiaentre
aBala da Guanabara (RJ) e Sdo Francisco do Sul (SC).
TesedeLivre-Docéncia, Universidade de S&o Paulo, Sdo
Paulo.

MANSO, C.L.C. 1988a. OfiurdidesdaPlataf orma Continen-
tal Brasileira. Parte |: Rio de Janeiro. (Echinodermata:
Ophiuroidea). RevistaBrasileirade Biologia48(4):845-
850.

MANSO, C.L.C. 1988b. Uma Nova Espécie de Ophiactis
(Echinodermata: Stelleroidea) daCostaSudestedo Brasil.
RevistaBrasileiradeBiologia48(2):375-379.

MANSO, C.L.C. 1989. OsEchinodermatada P ataformaCon-
tinental Interna entre Cabo Frio e Saquarema, Rio de
Janeiro, Brasil. RevistaBrasileirade Biologia49(2):355-
359.

http://www.bi otaneotropica.org.br


http://www.biotaneotropica.org.br/v2n2/pt/abstract?article+BN02302022002

Borges, M. ; Monteiro, A.M.G. e Amaral, A.C.Z. - Biota Neotropica, v2 (n2) - BN02302022002 68

MANSO, C.L.C. 1991. Ophiuroidea (Echinodermata) da
regido sul-sudeste do Brasil, coletados durante as
operagbes Sueste do N/Oc. Almirante Saldanha’.
Dissertacdo de Mestrado, Universidade Federal do
Parang, Curitiba.

MANSO, C.L.C. & ABSALAO, R.S. 1988. Ophiuroidea:
situagdo pré-operacional nos sacos de Piraquara, regido
sobre influéncia da descarga da Central Nuclear
Almirante Alvaro Alberto (CNAAA). RevistaBrasileira
deBiologia48(1): 75-82.

MANSO, C.L.C. & FARIAS, M.C.V. 1999. Ocorrénciade
ofiuréides no contelido gastrointestinal de “baiacu”
Sphoeroides testudineus (Linnaeus, 1758) (Teleostei:
Tetraodontidae) no estuario do Rio Sergipe (Sergipe).
RevistaNordestinade Zoologia2(1):35-37.

MELO, G.A.S. 1985. Taxonomiae padrBesdistribucionaise
ecol ogicosdos Brachyura(Crustace: Decapoda) do litoral
sudeste do Brasil. Tese de Doutorado, Universidade de
S&o Paulo, S&o Paulo.

MONTEIRO, A.M.G. 1987. Ophiuroidea(Echinodermata) da
regido de Ubatuba (SP) - Aspectos morfoldgicos e
ecolégicos. Tese de Doutorado, Universidade de S&o
Paulo, S&o Paulo.

MONTEIRO, A.M.G. 1990. Ophiuroidea (Echinodermata) in
the coastal system of the State of S&o Paulo (Brazil). In
Anaisll Simposio de Ecossi stemadaCosta Sul e Sudeste
Brasileira: Estrutura, Funcdo e Manejo, v.1. Aguas de
Linddia, p.186- 201.

MONTEIRO, A.M.G. 1997. Ocorréncia de Ophiuroidea
(Echinodermata) na plataformado Estado de S&o Paulo.
In Boletim de Resumos Expandidos VIl COLACMAR,
Santos, v. 2, p.182- 183.

MONTEIRO, A.M.G.; REIS, M. O. & PARDO, E. V. 1992,
Morfologia comparativa e distribui¢éo batimétrica de
duas espécies de Ophiuroidea, na regiéo costeira de
Ubatuba. Boletim do Instituto Oceanogréfico, S.Paulo
40(1/2):39-53.

MORTENSEN, T. 1936. Echinoideaand Ophiuroidea. Dis-
covery Reports12:199-348.

PALACIO, F.J. 1982. Revision Zoogeogréfica Marina del
Sur del Brasil. Boletim do Instituto Oceanogréfico,
S.Paulo 31(1):69-92.

PARSLOW, R.E. & CLARK, A. M. 1963. Ophiuroideaof the
Lesser Antilles. Studies on the Fauna of Curacao and
other Caribbean |sland 15(67):24-50.

PATERSON, G.L.J. 1985. The deep-sea Ophiuroideaof the
North Atlantic Ocean. Bulletim of the British Museum
(Natural History) Zoology 49:1-162,.

PETTI, M.A.V. 1997. Macrofauna Benténica de Fundos
Inconsolidados das Enseadas de Picinguaba e
Ubatumirim e Plataforma Interna Adjacente, Ubatuba,

Sao Paulo. Tese de Doutorado, Universidade de Séo
Paulo, Sao Paulo.

REESE, E.S. 1966. The complex behavior of echinoderms. In
Physiology of Echinodermata (Boolotian, ed.).
Interscience, New York, p.129-145.

RIZZO, A.E. 2002. Anelideos poliquetas da plataforma
externaetalude continental ao largo dacostado Estado
de S&o Paulo. Tese de Doutorado, Universidade Estadual
Paulista, Rio Claro.

SCHOENER, A. 1967. Two New Species of Amphitarsus
(Ophiuroidea) from the Western North Atlantic. Breviora
Museum of Comparative Zoology (269):1-9.

SCHOENER, A. 1969. Atlantic ophiuroids: some post-larval
forms. Deep-Sea Research 16:127-140.

SMITH, A.B.; PATERSON, G.L. & LAFAY, B. 1995. Ophi-
uroid phylogeny and higher taxonomy: morphological,
molecular and palaeontological perspectives. Zoologi-
cal Journal of the Linnean Society 114:213-243.

SPENCER, W. K. & WRIGHT, C. W. 1966. Asterozoans. In
Treatise on invertebrate paleontology. Part. U. Echino-
dermata 3 (Moore, R. C., ed.). Geological Society of
America, University of Kansas Press, Kansas, v.1, p.4-
107.

SUMIDA, PY.G. 1994. AssociacOes bénticas daquebrada
plataforma e talude superior ao largo de Ubatuba- SP,
Brasil. Tese de Doutorado, Universidade de S&o Paulo,
Séo Paulo.

SUMIDA,RY.G, TYLER,PA, GAGE,J. D.& NORREVANG,
A. 1998. Postlarval development in shallow and deep-
sea ophiuroids (Echinodermata: Ophiuroidea) of the NE
Atlantic Ocean. Zoological Journal Linnean Society
124:267-300.

THOMAS, L. P 1962. The Shallow Water Amphiurid Brittle
Stars (Echinodermata, Ophiuroided) of Florida. Bulletim
of Marine Science of the Gulf Caribbean 12(4):623-694.

THOMAS, L.P. & SCHOENER, A. 1972. Growth changesin
Amphilimna olivacea (Lyman) and the systematic sta-
tus of Amphitarsus spinifer Schoener. BrevioraMuseum
of Comparétive Zoology (387):1-8.

THORSON, G. 1957. Bottom communities (sublittoral or shal-
low shelf). Geological Society of America Memoir
(67):461-534.

TOMMAS, L.R. 1965. Alguns Amphiuridae (Ophiuroidea)
dolitora de Sao Paulo e de Santa Catarina. Contribuicdes
Avulsasdo Instituto Oceanogréfico Universidade de Sdo
Paulo, série OceanografiaBiol 6gica(8):1-9.

TOMMASI, L.R. 1967a. Sobre dois Amphiuridae dafauna
marinha do sul do Brasil. Contribui¢des Avulsas do
Instituto Oceanografico Universidade de Sao Paulo,
série OceanografiaBiol6gica(12):1-5.

TOMMASI, L.R. 1967b. Observactes preliminares sobrea

http://www.bi otaneotropica.org.br


http://www.biotaneotropica.org.br/v2n2/pt/abstract?article+BN02302022002
http://www.biotaneotropica.org.br/v2n2/pt/abstract?article+BN02302022002

Borges, M. ; Monteiro, A.M.G. e Amaral, A.C.Z. - Biota Neotropica, v2 (n2) - BN02302022002 69

fauna béntica de sedimentos moles da Baia de Santos e
regides vizinhas. Boletim do Instituto Ooceanogréfico,
S&o Paulo 16(1):43-65.

TOMMASI, L.R. 1968. Os Ofiuroides existentes nas colecoes
do Museu de Buenos Aires coletados de LaPlataaté 42°
S. Papéisavulsos Zoologia, S8o Paulo 21(11):115-124.

TOMMAS, L.R. 1970. Osofiuréidesrecentesdo Brasil ede
regifes vizinhas. Contribui¢des Avulsas do Instituto
Oceanografico Universidade de S8o Paulo, série
OceanografiaBiol égica(20):1-146.

TOMMASI, L.R. 1971. Equinodermes do Brasil. |. Sobre
algumas novas espéci es e outras pouco conhecidas, para
o Brasil. Boletim do I nstituto Oceanogréfico, Sdo Paulo
20:1-21.

TOMMASI, L.R. 1974. Equinodermes do Brasil.
I11.0bservactes sobre algumas espécies coletadas du-
ranteasviagensdo N/Oc. “ Almirante Saldanha’. Boletim
do Instituto Oceanogréafico, S&o Paulo 23:1-15.

TOMMASI, L.R. 1985. Equinodermes daregido dallhada
Vitoria (SP). Relatorios Internos do Instituto
Oceanografico Universidade de Sdo Paulo 13:1-4.

TOMMASI, L.R. 1999. http://www.bdt.org.br/zoologia/
echinodermatal 12/04/2000. 36pp.

TOMMAS, L.R. & ABREU, J. 1974. Equinodermesdo Brasil.
IV. Sobre sei's espécies novas de Ophiuroideadaregido
ao largo da llha Grande (RJ). Boletim do Instituto
Oceanogréfico, Sao Paulo 23:17-32.

TOMMASI, L.R. & ARON, M.A. 1988. Equinodermes da
plataforma continental do sudeste do Estado da Bahia.
Relatorios Internos do Instituto Oceanogréfico
Universidade de S&o Paulo (19):1-6.

TOMMASY, L.R,,CASTRO, SM. & SOUSA.E.C.PM. 1988a.
Echinodermata coletados durante as campanhas
oceanogréficas do N/Oc. “Almirante Saldanha’ no
Atléntico Sul Ocidental. Relatorios Internosdo I nstituto
Oceanogréfico Universidade de S8o Paulo (21):1-11.

TOMMAS, L.R.,CERNEA, M.CW. & CONDEIXA,M.C.G.
1988b. Equinodermes coletados pelo N/Oc. “ Almirante
Saldanha’ entre 26°59°Se 38°39°S. Relatorios | nternos
do Instituto Oceanografico Universidade de S&o Paulo
(22):1-11.

TURNER,R.L.& MILLER, J. E. 1988. Post-metamorphic
recruitment and morphology of two sympatric
brittlestars. In Proceedings of the Sixth Intern. Echino-
derm Conf. Victoria. A. A. Bakema/Rotterdam, p.493-
502

TYLER,PA.;GRANT, A.; PAIN,S.L. & GAGE, J.D. 1983.
Is annual reproduction in deep-sea echinoderms a re-
sponse to variability in their environment? Nature
300(58%4):747-750.

VANNUCCI, M. 1963. Levantamento Oceanografico-

M etereol 6gico daEnseada do Mar Virado-Ubatuba-SP.
Contribuicbes Avulsas do Instituto Oceanografico
Universidade de S8o Paulo, série Oceanografia Fisica
(5):55-69.

YOUNG, C.M. & TYLER, PA. 1993. Embryosof the deep-
sea echinoid Echinus affinis require high pressure for
development. Limnology and Oceanography 38(1): 178-
18L

YOUNG, C.M.; TYLER, PA.& GAGE, J.D. 1996. Vertical
distribution correlateswith pressure tolerances of early
embryos in the deep-sea asteroid Plutonaster bifrons.
Journal of the Marine Biological Association of the
United Kingdom 76:749-757.

ZANETI-PRADO, E. M. 1978. Estudo da distribuicéo,
estrutura, biologia e bionomia de Mullus argentinae
(Teleostei- Mullidae) naplataformacontinental brasileira
entre Cabo Frio (23 ) e Torres (29 21' S). Tese de
Doutorado, Universidade de S&o Paulo, S&o Paulo.

Title: Taxonomy of Ophiuroidea (Echinodermata) fromthe
continental shelf and slope of the southern and south-
eastern Brazilian Coast

Authors: Borges, M. ; Monteiro, A.M.G. e Amaral,
ACZ.

BiotaNeotropica, Vol. 2 (number 2): 2002
http://www.biotaneotropica.org.br/v2n2/pt/
abstract?article+BN02302022002

Date Received 16/07/2002
Revised 18/10/2002
Accepted 05/11/2002

ISSN 1676-0611

http://www.bi otaneotropica.org.br


http://www.biotaneotropica.org.br/v2n2/pt/abstract?article+BN02302022002
http://www.bdt.org.br/zoologia/echinodermata/
http://www.bdt.org.br/zoologia/echinodermata/
http://www.biotaneotropica.org.br/v2n2/pt/abstract?article+BN02302022002
http://www.biotaneotropica.org.br/v2n2/pt/abstract?article+BN02302022002

REPRODUCAO DO FALCAO-DE-COLEIRA FALCO FEMORALIS
TEMMINCK 1822 (FALCONIFORMES: FALCONIDAE) NO MUNICIPIO
DE JUIZ DE FORA, SUDESTE DO BRASIL.

Marco Antonio M. Granzinolli 2, Celso H. V. Rios!, Leonardo D. Meireles'? Alberto Resende Monteiro 14

BiotaNeotropicav2 (n2) —http://www.biotaneotr opica.or g.br /v2n2/pt/abstr act ?ar ticle+tBN 01902022002
Recebido em03/07/2002
Revisado em 09/09/2002
Publicado em 23/09/2002

1SEAM — Sociedade de Estudos Ambientais Muriqui. Rua Jodo Garcia Curi, 104. CEP. 36046-150. Juiz de Fora, Minas
Gerais. Brasil.
2|_aboratério de Ecologia Tréfica, Departamento de Ecol ogia— Universidade de Sdo Paulo. CaixaPostal 11461, CEP.
05422970. S&o Paulo-SP. email mgranzi @usp.br
3 Departamento de Botanica— Universidade Estadual de Campinas. Caixapostal 6109, CEP 13083-970.
email:ldmeird es@zipmail.com
4Universidade do Va e do Paraiba. I nstituto de Pesquisas & Desenvolvimento (IP& D). Av. ShishimaHifumi, 2911. CEP.
12244-000- Séo José dos Campos-SP. email:monteiar@univap.br

Abstract

From June 1998 to December 1999, five breeding events of the aplomado falcon (Falco femoralis) were studied in Juiz
de Fora, Minas Gerais State, southeastern Brazil. While two nests were observed during two breeding seasons (1998/
1999), athird onewas studied during only one (1999). The nestswere placed inisolated trees|ocated at 5.1 to 7.2 m above
the ground near pasture areas. The breeding period started at the end of the dry season and beginning of the wet one.
(laying in August and September). From 15 eggs laid, predators attacked three of them and three were abandoned by the
parents, possibly due to human disturbance. Mean number of eggs laid per nest was three and the birth rate of nestlings
was 1.6 + 1,5. Eight nestlingswere born from thetotal of eggslaid. The average number of fledglings per nestwas 1.4+ 1,5
(six inthefirst year and one in the second). Except for apair of falconsthat | eft the nest site in 1999, the others remained
at the original breeding sites during the period of study. An abandoned nest was utilised and the biggest nest was 77 cm
in diameter, 32 cm high and 25 cm deep. The breeding biology of aplomado falconsin thisareais similar to the different
regions where this species has been studied. Variation in latitude and climate does not seem to affect the species breeding
pattern.

Palavras-chave — breeding, aplomado falcon, Falco femoralis, Falconidae, southeastern Brazl.

Resumo

De junho de 1998 a dezembro de 1999, cinco eventos reprodutivos do falc&o-de-coleira Falco femoralis foram
registrados e monitorados no municipio de Juiz de Fora, Estado de Minas Gerai's, sudeste brasileiro. Dois ninhos encontrados
em 1998 foram monitorados por duas estacfes reprodutivas (1998/99), enquanto um terceiro, encontrado em 1999, foi
monitorado apenas em uma estac&o reprodutiva. Todos os ninhos estavam situados em arvores isoladas, localizadas em
areas de pastagens, e aalturaem relacéo ao solo, variou entre 5,1 a 7,2 m. A estacéo reprodutiva ocorreu, nos dois anos,
no final daestacdo secae no inicio daestacdo chuvosa (posturas ef etuadas em agosto e setembro).Dos 15 ovos colocados,
trés foram predados e outros trés foram abandonados pelo casal, possivelmente por perturbacéo antrépica. A média de
posturafoi detrés ovos por ninho e ataxade eclosgo dosfilhotesfoi de 1,6 ( 1,5. Oito filhotes eclodiram do total dosovos
colocados. A médiadefilhotes por ninho que a cancaram o primeiro voo foi de 1,4 ( 1,5, representada por setefilhotes(seis
No primeiro ano e um no segundo ano do estudo). Com excecéo de um casal que abandonou o sitio reprodutivo em 1999,
todos os individuos permaneceram durante todo 0 monitoramento, em seus territorios. Foi constatada a utilizag&o de um
ninho abandonado e o maior ninho possuia 77 cm de didmetro, 32 cm de aturae 25 cm de profundidade da cubainterna. A
biologiareprodutivado fal cdo-de-coleiranesse estudo foi similar ao registrado em outras regifes, sendo que variagdes de
latitude e condic¢des climéticas parecem ndo af etar o padrdo reprodutivo da espécie.

Palavras-chave — reproducéo, falcdo de coleira, Falco femoralis, Falconidae, sudeste do Brasil.

http://mww.bi otaneotropica.org.br


http://www.biotaneotropica.org.br
mailto:mgranzi@usp.br
mailto:ldmeireles@zipmail.com
mailto:monteiar@univap.br
http://www.biotaneotropica.org.br/v2n2/pt/abstract?short-communication+BN01902022002

Granzinolli, M. A. M.; Rios, C. H. V,; Meireles, L. D.; Monteiro, A. R. - Biota Neotropica, v2 (n2) - BN01902022002 2

1.Introducdo

O falcéo-de-coleira(Falco femoralis) €um rapineiro
campestre, com ampla distribuicgo geogréfica, ocorrendo
do sudeste dos Estados Unidos & Terra do Fogo e em todo
territorio brasileiro, exceto em regides densamente
florestadas (Sick 1997). Ap6s 1930, o falcdo de coleirasofreu
um grande declinio no México e Estados Unidos,
possivel mente por contaminagdo de pesticidas (Héctor 1987).
Nos Estados Unidos, por exemplo, ndo foi registrada
reproducdo desta espécie de 1952 até 1997 (Montoyaet al.
1997). Apesar de sua ampla distribui¢éo, dados referentes
aos padrdes reprodutivos sdo pouco conhecidos (del Hoyo
1994, Lencione-Neto 1996, de la Pend), especialmente na
regido Neotropical. No Brasil, aspectos da reproducéo do
falcéo-de-coleiraforam rel atados por Baumgarten (1998), em
estudo sobre a ecologia de Falconiformes em regido de
Cerradono Brasgi| Centrad; Lencione-Neto (1996) em descricéo
da ocupacéo de ninhos de Elanus leucurus por F. femoralis
e Andrade (1996) tomando medidas de um ninho situado em
um poste de el etrificacdo rural. Os outros poucos trabal hos
realizadosno Brasil referentes a espécie séo: Schubart et al.
(1965), Belton (1984), Willis (1992), Pacheco e Bauer (1995),
abordando predacdo ou itens alimentares, e o de Silveiraet
al. (1997), registrando o0 comportamento de caga associada.

Os fal cdes geralmente sGo monogamicos, possuem
territdriosreprodutivos (Monteiro 1992) enidificam em pares
solitérios (del Hoyo 1994). A fémeacriaeaimentaofilhote,
além de defender o ninho enquanto o macho caga. Algumas
espécies sao residentes, permanecendo no territorio
reprodutivo durante todo o ano; outras sdo migratérias ou
vagantes, retornando para estabelecer os territérios na
estac&o reprodutiva (Newton 1979, del Hoyo 1994).

Nos tropicos, a maioria dos membros da familia
Falconidae nidifica anualmente e a estacéo reprodutiva €
governadapel o ciclo de secae chuva, que apresentagrande
variagdo de uma &rea paraoutra. JAnaregido temperada, a
temperaturaé o fator determinante, umavez que suael evacdo
caracterizao periodo reprodutivo. (Newton 1979, del Hoyo
1994). Tipicamente, o fal cdo-de-coleirando constréi ninho,
utiliza-se de ninhos de outras espécies de aves ou aproveita
uma plataformaexistente (delaPen&d 1987, Lencione-Neto
1996, Sick, 1997).

Estratégias reprodutivas adotadas de modo particu-
lar pelas diversas espécies, podem ter efeitos na dinamica
populacional, no crescimento potencial de suas popul agdes
e na capacidade de se recuperar de dificuldades bidticas e
abidticas (Newton 1977, Baumgarten, 1998). Destaforma,
torna-se entdo necessario conhecer essas estratégias
reprodutivas para o entendimento destas dinamicas
ecoldgicas e para a conservacdo da espécie. Diante do
exposto, esse trabalho tem como objetivo descrever a

biologia reprodutiva do fal cdo-de-coleira no municipio de
Juiz de Fora e verificar se hd uma semelhanca dos padrdes
reprodutivos descritos para outras regides com 0 nosso
estudo.

2.Material eM étodos

2.1Areadeestudo

A area de estudo abrange cerca de 30 km2 e se
encontraem propriedades rurais particulares no municipio
de Juiz de Fora (21° 41' S, 43° 27" W), sudeste de Minas
Gerais, naregido denominada Zona daMata Mineira, com
altitudes variando de 700 2900 m. O climade Juiz de Fora
apresenta duas estagOes bem definidas: uma chuvosa, de
outubro aabril, com temperaturas mais el evadas e maiores
precipitacdes pluviométricas, e outra seca, de maio a
setembro, maisfriae com menor presencade chuva (Juizde
Fora 1996). De acordo com a classificagéo de Koeppen, a
regido possui um clima Cwa (mesotérmico com verdes
guentes) com estacdo chuvosa no veréo.

A cobertura vegetal original do municipio esta
classificadacomo Floresta Estacional Semidecidual (Veloso
e GOes 1982). Mas atualmente, pastagens, cultivos e
capoeiras constituem as vegetactes dominantes na regido
(Juiz de Fora1996).

2.2Métodos

Dejunho de 1998 adezembro de 1999, cinco eventos
reprodutivos do falcéo-de-coleira foram registrados e
monitorados. As procuras dos casais/ninhos foram
realizadasapé (Pettingil 1956, Monteiro 1992) etambém por
censo deveiculos(Elliset a. 1990, Donézar et a. 1993). Em
1998, foram encontrados dois ninhos de F. femoralis. Estes
foram monitorados por duas estacBes reprodutivas (1998/
99). Em 1999, outro ninho foi encontrado e monitorado
apenas em uma estacdo reprodutiva. Desta forma, cinco
eventos reprodutivos foram monitorados. Cada ninho, em
1998, foi monitorado, a cada seis dias. Em 1999, os ninhos
foram monitorados a cada quatro dias.

O monitoramento eraefetuado por meio de estruturas
camufladasdo tipo hide, observacBes do interior do veiculo,
arvores e de encostas de morros proximas ao sitio
reprodutivo, com o auxilio de bindculos 8x45 e luneta
Bushnnel 18x25x36. Em algumas ocasi 8es, foram realizadas
subidas aos ninhos para tomada de medidas biométricas e
ponderais. As subidas foram feitas com auxilio de material
de escalada (rapel) ou com escada de aluminio de 6m de
altura. Essas interferéncias eram feitas no periodo mais
guente do diacom duracdo méaximade 20 minutos, afim de
evitar a diminuicdo da temperatura do ovo ou ninhego e
também causar o menor estresse possivel.
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ninh o altura {m) pastura 005 eclosdo | sucesso
F1-1998 72 agosto 3 3 3
F2 -1995 b1 agosto 3 3 3
F1- 159599 ;2 agasto 3 2 1
F2 -19949 a7 seternbro 3 - -
Fa-1994 572 setermbro 3 - -

media+ 30D B2 {09 - 300 16015 14015)

Tabela 1 — Caracteristicas dos locais de reprodugéo: sitio (nimero e ano); localizagéo (coordenadas); altura do ninho em relagdo ao
solo (m); més da postura; ndmero de ovos por ninho; ovos eclodidos; filhotes que alcangaram o voo (sucesso). Os valores entre

parénteses representam os desvios padrdes.

3. Resultados

Todos os ninhos encontrados estavam situados em
arvoresisoladas|ocalizadas em &reas de pastagens. A altura
dos ninhos, em relacdo ao solo, variou de 5,1 até 7,2 m
(TABELA 1). Os ninhos monitorados em 1998 j& se
encontravam construidos antes do inicio da estacao
reprodutiva. Destaforma, ndo foi possivel determinar se os
falcdes construiram ou reutilizaram os ninhos. A postura
dos ninhos monitorados em 1998 acorreu no més de agosto,
com trés ovos cada, resultando no sucesso reprodutivo de
seisfilhotes(TABELA 1).

Em 1999, foram acompanhados os dois ninhos do
ano anterior (ninho F1 e F2) e um terceiro (ninho F3)
encontrado em um ipé, (Bignoniaceae, Tabebuiasp). Foram
colocados nove ovos, trés em cada ninho, sendo que uma
postura ocorreu no final de agosto e as outras em setembro
(TABELA 1). Apenas um filhote do ninho F1 alcangou o
sucesso e foi anilhado (anilha R-03769); este abandonou o
ninho com 42-46 diasdevida. Doisfilhotes eclodiram nesse
ninho, sendo que 0 menor e aparentemente mais debilitado
morreu por volta do 22° dia. O ninho F2 foi abandonado
apos a fémea ter efetuado a postura, o casal ndo foi mais
visto na érea. A predacdo total dos ovos foi verificada no
ninho F3 por voltado 14° diaapds a postura, quando foram
encontrados fragmentos de cascas de ovos sob o ninho. O
casal continuou nadrea. No entanto, nenhumatentativade
novareproducdo foi observada. N&o foi possivel descobrir
a causa da predacao.

Em maio e no comego dejunho de 1999, observamos
individuos do ninho F1 e F2 carregando galhos e ramos
para o rearranjo dos ninhos, no entanto, nenhum casal foi
observado construindo ninho. Em 1998, o casal F1 nidificou
em uma Cesalpinoideae que continha trés ninhos, Neste
ano, o casal utilizou o ninho mais alto situado adireita; os
outros dois estavam abandonados. Em 1999, o ninho
utilizado no ano anterior foi parcialmente destruido por um
vento forte e o casal, entdo, utilizou o segundo ninho mais
alto, situado na parte central da &rvore. Dessa maneira, foi

possivel constatar a reutilizacéo de um ninho abandonado.
O ninho F2, situado em uma Euphorbiaceae, foi utilizado
tanto em 1998 quanto em 1999.

Todos 0s ninhos eram compostos de galhos secos
com uma cuba em seu interior. O ninho F3 também era
composto por arame farpado, pequenas placas de ferro e
pedras. O maior ninhofoi F2, com 77 cm de didmetro, 32 cm
dedlturae 25 cm de profundidade (cubainterna).

Todos o0s casais vocalizavam constantemente
quando chegavamos perto do local de nidificacio, sendo
que o casal F1 apresentavacomportamento agressivo. Além
do alarme constante, a fémea fazia sobrevdos rasantes em
nossa diregdo, chegando a atingir um dos pesquisadores.

Com excegdo do desaparecimento do casal F2, apds
a postura e o abandono do ninho, todos os outros
individuos foram vistos em seus respectivos territorios de
junho de 1998 a dezembro de 1999, periodo no qual foi
realizado o monitoramento.

4. Discussao

A biologia reprodutiva do falcdo-de-coleira nesse
estudo parece similar ao registrado em outras regides. Héctor
(2981) encontrou umamédiade 9,5 m naaturadeninhosno
Meéxico eMontoyaet al. (1997), analisando sete ninhos nos
Estados Unidos, registrou 3,2 m como aturamaxima. Jano
Brasil, Lencione-Neto (1996) encontrou ninhos situados
entre4,0 e20 m dealturae Baumgarten (1998) verificou uma
médiade 24 ( 11 m naaturados ninhos. Essavariagéo pode
estar associada ao tipo de vegetac&o de cadaregido. Outro
fator que deve ser considerado é adisponibilidade de ninhos
construidos por outras aves, pois de acordo com Newton
(1979), delaPen&(1987), de Hoyo (1994), Baumgarten (1998)
etambém registrado por ndsno sitio F1 em 1999, essaespécie
reutiliza ninhos de outras aves. No trabalho realizado por
Lencioni-Neto (1996) essefator parece ser determinante na
atura do ninho, uma vez que todos os ninhos utilizados
foram construidos por outraespécie de ave derapina, Elanus
leucurus.
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O ndmero de posturas por sitio reprodutivo em nosso
estudo € bastante semelhante ao encontrado por Montoya
et a. (1997) nos Estados Unidos, queregistrou trésovosem
71% dos ninhos. Além disso, amédiade posturas dossitios,
reportada pelo referido autor foi de 2,6 ovos, que éidéntica
a média encontrada por Héctor (1987) no México, muito
semelhante amédiade 2,7 ovos verificadapor Baumgarten
(1998) no Brasi| Centrd; proximadetrés conforme observada
por nos e descrita para a Venezuela por del Hoyo (1994).
Para a maioria das aves de rapina, alatitude, as condi¢des
climéticas do meio e principalmente a disponibilidade de
alimento eamaturidade do casal influenciam diretamente na
postura (Porter e Weimeyer 1972, Soler 1989, Barba et al.
1990, Monteiro 1992). Essapequenavariacao no nimero de
0VO0S por postura encontrada nas outras regides pode estar
relacionada com a baixa disponibilidade de alimento e ao
grau de maturidade do casal, conforme discutido paraoutras
espécies de Falconiformes por Renault (1978), Newton
(1979), Cramp e SSmmons(1980), Forsmam e Solenen (1984),
NewtoneMoss (1986), Irribarren e Rodriguez (1988), Soler
(1989) eMonteiro (1992).

Segundo Cody (1966) e Lack (1968), o tamanho da
ninhada nos trépicos seria menor que nas regides
temperadas. O primeiro autor consideraque os tropi cos séo
ambientes mais estaveis, com populacbes préximas da
capacidade de suporte e com competicdes mais intensas.
Destaforma, o tamanho da ninhada seria determinado pela
alocacdo de recursos para competicdo e em defesa contra
predadores. Logo, aenergiaempregadaem um dessesfatores
acarretaria numa diminuic&o do investimento reprodutivo.
Lack (1968) ressaltaque o nimero de ovostende aser maior
em latitudesmai s el evadas, tendo como argumento um tempo
maior para alimentacéo dos filhotes pelos pais, devido ao
aumento de duracdo do dia. Esse modelo de diminuicdo da
ninhada nos tropicos ndo foi verificado em nosso trabalho
guando comparado aos trabalhos do M éxico (Héctor 1987)
e Estados Unidos (Montoya et a. 1997) e também nédo se
aplica ao estudo realizado por Baumgarten (1998) no inte-
rior doBrasil.

A porcentagem defilhotes que eclodiram, em relacéo
a0 numero de postura, foi de 54% em nosso estudo, bem
préxima dos 61% registado nos Estados Unidos (Montoya
et al. 1997). A média do nimero de filhotes que tiveram
sucesso (1,4) foi maior que (0,6) aregistrada por Montoya
eta. (1997), porém, menor que (1,7-3,2) adescritapor New-
ton (1979) como adequada para fal cdes de tamanho médio.
No entanto, se analisarmos apenas 0 ano de 1999, amédia
trés observada por nés fica dentro dos padrdes descritos
como adequados para a sustentagdo da popul agéo.

Apesar deMontoyaet al. (1997) sugerir que o fal céo-

de-coleira tolere um certo distirbio antes de abandonar o
ninho, acreditamos que o abandono do ninho F2 em 1999
foi possivelmente provocado pela perturbagdo antrépica
ApOs a postura de trés ovos, a &rea ao redor do ninho foi
utilizada para cultivo. Tratava-se de uma das poucas &reas
planas dafazenda e teve a presenca constante de maquinas
agricolas etrabalhadores por vériosdias. Umainterferéncia
humana por mais de 30 minutos pode contribuir para um
baixo sucesso reprodutivo, pois aves de rapinas sao
sensiveis durante a estacdo reprodutiva (Wiley 1975,
Swenson 1979, Fraser et a. 1985). A morte do ninhego do
ninho F1 no ano de 1999 aponta para uma possivel
competicdo entreirmaos. Vérias espéciesde aves derapina
comegam a incubar antes de realizar a postura completa,
tendo como conseqiiéncia uma diferenca no tempo de
eclosdo dos filhotes. Essa assincronia pode provocar a
dominancia de um irm&o sobre os outros. Fregiientemente
esta diferenca causa a morte dos ninhegos menores, sgja
por ndo conseguirem disputar o aimento com o filhote maior
ou por serem vitimas defraticidio (Meyburg 1974, Gargett
1977, Newton 1979; Baumgarten 1998). Segundo L ack (1954),
essa seria uma estratégia de maximizar o alimento, sendo
que em um ano favoravel todos da ninhada se
desenvolveriam e em anos com baixa oferta de alimento
apenas o primeiro sobreviveria, dispensando assim, o
cuidado com os outros.

A estacdo reprodutiva do falcdo-de-coleira ocorreu
no final daestacdo secae comego daestacdo chuvosa(ovos
a partir de agosto e setembro), identicamente ao que
aconteceu em &reasde cerrado do Brasil central (Baumgarten
1998), o que concorda também, com Newton (1979) e del
Hoyo (1994), que reportam areproducéo de Falconiformes
nos tropicos no final da estacdo seca, com as espécies
mai ores reproduzindo-se mais cedo.
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Editorial

Ciéncia e Comunicacao da Ciéncia

Bernard Shaw, com sua conhecida e fina ironia, propria de quem sabe fazer boas
distingdes pelo gosto sutil de bem construi-las para melhor desmanché-las, disse que
a diferenca entre o generalista e o0 especialista estd em que o primeiro tende a saber
cada vez menos sobre mais, até saber nada sobre tudo, enquanto que o segundo
inclina-se a saber cada vez mais sobre menos, até saber tudo sobre nada.

O dilema do divulgador da ciéncia, um generalista, por definicdo €, desse modo, com
sinal invertido, 0 mesmo do cientista, um especialista por imposi¢cdo: ambos padecem,
no limite, do mesmo mal, qual seja o de sofrer para comunicar-se, na justa medida,
com a sociedade que d& razao de ser a ciéncia, para a qual a ciéncia € feita, e na qual
brotam, ou n&o, as condi¢des econdmicas, politicas e culturais para que a ciéncia se
faca.

E para que ela se faca é preciso, antes de tudo, que ela seja compreendida.

Dai a importancia do papel do jornalismo e da divulgacéo cientifica ndo apenas para
suprir o eventual déficit de informacéo do publico em relacdo a ciéncia, mas sobretudo
como contribuicdo para formar e desenvolver um espirito critico capaz de
compreender e, compreendendo, avaliar em si e por si mesmos os fatos e 0s
acontecimentos cientificos, sua pertinéncia epistemoldgica, seus riscos e sua
relevancia ética e social.

No Brasil, embora a histéria da divulgacéo cientifica e do ensino para a ciéncia tenha
comecado mais tardiamente, ja se pode reconhecer um movimento cada vez mais
forte e mais visivel no sentido de organizar atividades em foruns institucionais, até ha
pouco inexistentes.

E o que vem ocorrendo com a criagéo de cursos de pés-graduacido em jornalismo
cientifico, com a implantacé@o e o funcionamento de museus interativos de ciéncia, com
a realizacdo de feiras e eventos cientificos, com a publicacdo, em diferentes linhas
editoriais, de revistas de difusdo, de divulgacao e de popularizacdo da ciéncia, como é
0 caso, entre outras, daPesquisa Fapesp, da Ciéncia e Cultura, da ComCiéncia,

da Scientific America-Brasil e, em particular no dominio especifico da riquissima
biodiversidade de nosso meio ambiente, desta belissima Biota Neotropica, rica e bela
como oPrograma Biota da Fapesp, que lhe deu origem e condicdes de pleno
desenvolvimento.

Desse modo, ao comportamento tradicional da comunicag&o primaria da ciéncia, que
se d& entre pares, como difusdo do conhecimento e ao esfor¢o da comunicacao
didatica, caracteristico do ensino da ciéncia, assiste-se, também no Brasil, a um
movimento crescente da assim chamada comunicag&o secundaria, entre o cientista e
a sociedade, como um todo, tanto mediada pela divulgacdo do jornalismo quanto
realizada pelo préprio cientista na forma de textos com forte embasamento conceitual
e metodoldgico, mas escritos em linguagem sensivel, metaférica e muitas vezes de
alta densidade poética, quer pelo conteudo, quer pela forma, quando n&o por um e por
outro, a0 mesmo tempo.

Nesse movimento se reconhece, sem duvida, a Biota Neotropica.
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Diretor de Redagéao do ComCiéncia
Presidente do Conselho Superior da FAPESP
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Abstract — The trophic structure of a fish assemblage in a first order stream in the upper Parana River basin was
investigated using standard methods of diet analysis and underwater observations utilizing snorkeling. Three stretches of
the Cdrrego Séo Carlos were studied. Eighteen fish species belonging to five orders and ten families were captured. The
stomach analysis of 299 fishes revealed that 70% of the food items are autochthonous, 24% allochthonous, and 6% material
of unidentifiable origin. Eighteen pairs of species (33%) showed significant feeding overlap, though this overlap does not
necessarily indicate competition given the temporal and spatial segregation during foraging. Three feeding guilds were
found. The invertivores included Astyanax altiparanae, Moenkhausia sanctaefilomenae, and Oligosarcus pintoi, whose
diet demonstrated a predominance of allochthonous items, and Rhamdia quelen, Trichomycterus sp., Corydoras aeneus,
and Crenicichla britskii, that had a predominance of autochthonous items in their diets. In this group, A. altiparanae and
M. sanctaefilomenae are drift feeders, R. quelen is a benthic opportunistic predator, Trichomycterus sp. and C. aeneus are
grubbers, and O. pintoi and C. britskii are ambush predators. The omnivore with a tendency to herbivory is represented by
Phalloceros caudimaculatus, which feeds mainly on algae. The periphitivores included Hisonotus sp., Hypostomus
nigromaculatus, and H. ancistroides that are grazers with a diet composed mostly of diatoms, clorophyts, and organic
matter. The results indicated that the fish assemblage in the Cdrrego Sdo Carlos is structured at spatial, temporal, and trophic
levels, and shows partitioning of the food resources. The addition of the fish species in each trophic guild along the stream
is possibly due to the longitudinal increase of microhabitats that makes available more feeding sites.

Key words: stream fishes, feeding, spatial segregation, trophic segregation, resource partitioning

Resumo — Neste estudo foi investigada a estrutura tréfica de uma comunidade de peixes de um riacho de primeira
ordem na bacia do Alto Rio Parand, empregando métodos habituais de analise da dieta combinados com observacoes
naturalisticas. Trés trechos do Corrego Sao Carlos foram estudados. Foram coletadas 18 espécies de peixes, pertencentes
a cinco ordens e dez familias. A andlise de 299 estdmagos mostrou que 70% dos itens alimentares sdo autdctones, 24%
aldctones e 6% material de origem ndo identificada. Dezoito pares de espécies (33%) apresentaram sobreposi¢do alimentar
significativa, porém esta sobreposicao nao necessariamente indica competicdo em razdo da segregacao espacial e temporal
observada na captura do alimento. Trés guildas alimentares foram determinadas. Os invertivoros incluiram Astyanax
altiparanae, Moenkhausia sanctaefilomenae e Oligosarcus pintoi, que apresentaram predominancia de itens aldctones, e
Rhamdia quelen, Trichomycterus sp., Corydoras aeneus e Crenicichla britskii, com predominancia de itens autdctones.
Neste grupo A. altiparanae e M. sanctaefilomenae sdo catadores de itens na coluna dagua, R. quelen é um predador
oportunista bentdnico, Trichomycterus sp. e C. aeneus sdo especuladores de substrato, O. pintoi e C. britskii sdo predadores
de emboscada. Os onivoros com tendéncia a herbivoria foram representados por Phalloceros caudimaculatus, que se
alimentou principalmente de algas. Os perifitivoros incluiram Hisonotus sp., Hypostomus nigromaculatus e Hypostomus
ancistroides, pastadores com dieta composta principalmente por diatomaceas, cloroficeas e matéria organica. Os resultados
aqui encontrados indicam que a comunidade de peixes no Corrego Sdo Carlos se mostra estruturada em nivel espacial,
temporal e trofico, apresentando uso partilhado dos recursos alimentares disponiveis. O acréscimo de espécies em cada
categoria trofica ao longo do riacho possivelmente é um reflexo da crescente heterogeneidade longitudinal de micro-
habitats na area, disponibilizando sitios de alimentagao adicionais.

Palavras-chave: peixes de riacho, alimentacao, segregacdo espacial, segregacéo tréfica, partilha de recursos
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1. Introducéo

Historicamente, o conhecimento da alimentacdo de
peixes de riachos, incluindo o uso de recursos e a influéncia
dos componentes espaciais e temporais, tem subsidiado
estudos sobre estruturacdo dessas comunidades e
contribuido para a investigacdo de interacdes bioldgicas,
tais como predacéao e competicdo (Esteves & Aranha, 1999).
Nos Ultimos 20 anos, esse conhecimento tem sido aplicado
mais diretamente na avaliacdo da integridade bidtica de
riachos, sendo utilizado como fonte de atributos para
calculos de indices de integridade bidtica (Karr, 1981;
Smogor & Angermeier, 1999). Para a aplicacdo correta destes
indices € necessario conhecer a condicdo natural examinada
nos chamados “riachos-referéncia”, ou seja, aqueles que
apresentam o minimo de influéncia antrépica possivel
(Hughes, 1995).

E bem sabido que os recursos aquaticos do Estado
de S&o Paulo encontram-se seriamente impactados e, por
esta razdo, possiveis riachos-referéncia sdo quase que
exclusivamente encontrados em areas de conservacdo (vide
Inventario Florestal do Estado de S&o Paulo, 2000), das quais
o Parque Estadual Morro do Diabo se destaca por incluir a
maior area de protecdo ambiental (aproximadamente 34 mil
hectares) da drenagem do Alto Rio Parana no Estado de
Séo Paulo (Clauset, 1999). Até recentemente a ictiofauna
desse Parque nunca havia sido estudada. A presente autora
e colaboradores estudaram quatro riachos do Parque
Estadual Morro do Diabo, onde registraram 22 espécies de
peixes (Casatti et al., 2001). Um destes riachos, o Corrego
Séo Carlos, foi investigado com maior detalhe em razéo de
ser 0 mais adequado para a realizacdo de observagdes
subaquaticas através de mergulho livre, uma abordagem
especialmente interessante na obtencdo de informacdes
naturalisticas utilizadas na interpretacéo da alimentacao da
comunidade de peixes estudada (Sabino, 1999). O objetivo
do presente estudo foi investigar a estrutura tréfica dos
peixes do Cdrrego Sao Carlos, um riacho-referéncia de
primeira ordem na bacia do Alto Rio Parang, empregando
métodos habituais de andlise da dieta combinados com
observagdes naturalisticas.

2. Local de estudo

O Corrego Sao Carlos ¢ um riacho de primeira ordem
(1:50.000), com extenséo aproximada de 5 km, afluente direto
do Rio Paranapanema e corre em uma area de vegetacdo
nativa caracterizada como Floresta Estacional Semi-decidua,
pertencente ao Parque Estadual Morro do Diabo (Fig. 1),
municipio de Teodoro Sampaio, Estado de Sao Paulo. O
clima é tropical subquente tmido (Nimer, 1989) com uma
estacdo seca, de abril a setembro (menor precipitacdo de
14,7 mm em maio 2000), e outra chuvosa, de outubro a margo
(maior precipitacdo de 361 mm em dezembro 2000). Trés
trechos equidistantes (100 m de extensdo cada) e

representativos das porcdes superior, média e inferior fo-
ram escolhidos para a realizacdo das observacgdes
subaquaéticas e coleta dos peixes (Tabela 1).

Ao longo do riacho as margens sdo suavemente
sinuosas, com trechos apresentando planicies cobertas por
gramineas (principalmente Commelinaceae e Poaceae) e
pteriddfitas (Pteridaceae, Polypodiaceae e Sellaginellaceae).
Durante o periodo de estudo, a transparéncia horizontal da
agua variou de 2 a 2,75 m, a temperatura da agua de 19,2 a
21,1°C, 0 pH de 6,81 a 7,98, a condutividade de 14,7 a 16,2
uS/cm e o oxigénio dissolvido de 8,8 a 10,9 mg/l.

3. Material e métodos

O trabalho de campo foi conduzido de junho de 2000
amarco de 2001 em quatro viagens, regularmente distribuidas
a cada trés meses. Uma viagem preliminar foi realizada em
marc¢o de 2000. Um total de 17 horas (13 horas diurnas e 4
noturnas) de mergulho livre foi realizado nos trechos médio
e inferior, utilizando os métodos animal focal e “ad libitum”
(Lehner, 1998), durante as quais foram registradas as
seguintes variaveis: nimero de individuos de cada espécie,
sua posi¢do na coluna d’agua, tipo de fundo, tatica de
forrageamento (cf. Curio, 1976; Keenleyside, 1979; Sazima,
1986 e Grant & Noakes, 1987), periodo e local de
forrageamento. No trecho superior ndo foram realizadas
observacdes subaquaticas em razdo da pequena
profundidade (maximo de 30 cm). O término do p6r-do-Sol
foi considerado o limite entre dia e noite. Individuos
avistados fora de abrigos (nadando, procurando alimento
ou alimentando-se) foram considerados ativos, enquanto
que aqueles abrigados ou estacionarios durante a maior
parte do periodo de observagao foram considerados inativos
(Gibran & Castro, 1999).

Na captura dos peixes foi empregado um esforco
padronizado de coleta em cada viagem, que consistiu em
utilizar duas peneiras (70 cm de didmetro, 2,5 mm entre-nds)
e uma rede de arrasto manual (2,5 mm entre-n6s) por
aproximadamente 40 minutos cada. Os peixes foram
preservados em formalina a 10% e, ap6s a fixacao,
transferidos para etanol 70%. As espécies consideradas
residentes foram aquelas presentes em pelo menos 50% das
coletas (Dajoz, 1983, modificado). A analise dos conteldos
estomacais seguiu Knoppel (1970). Para cada item alimentar
foram calculadas a freqliéncia de ocorréncia (Bowen, 1992)
e a composicdo percentual (Hynes, 1950). O termo
perifitivoro segue a definicdo de Uieda et al. (1997). O indice
de sobreposicdo alimentar adotado foi o de Morisita
modificado por Horn (1966), calculado com os valores de
composicao percentual dos itens alimentares agrupados em
categorias amplas. Os valores considerados significativos
foram aqueles > 0,58 (Linton etal., 1981).

A similaridade entre a dieta das espécies estudadas
foi calculada a partir dos valores de composi¢éo percentual
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Sao Paulo

Local de estudo

Parque Estadual
Morro do Diabo

Teodoro
Sampaio

®

52°|1 6'W 5 km

22°30'S
1

Figura 1. Localizagdo do Cérrego Sdo Carlos, Parque Estadual Morro do Diabo, Estado de Sdo Paulo, indicando os trechos superior

(1), médio (2) e inferior (3).

Parametros Superior Médio Inferior
Coordenadas 22°35'28.0"S 22°35'54.4"S 22°36'23.8"S
52014'38.1"W 52014'45.2"W 52015'08.6"W
Altitude (m) 294 286 284
Velocidade média da corrente 15 0,3 0,6

(m/s)

Composicao predominante do
fundo

Variacdo de largura (m)

Profundidade maxima (m)

rochas, seixos e
cascalhos

0,8-2,6

0,3

areia, com seixos em
pequenas corredeiras

0,9-3,6

05

areia, com troncos,
galhadas e folhico

1,3-3,9

0,9

Tabela 1. Caracterizagdo dos trechos estudados no Cérrego Sdo Carlos, Parque Estadual Morro do Diabo, sudeste do Brasil.
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através do método de aglomeracdo por ligacdo simples
usando o coeficiente de Bray-Curtis (cf.Valentin, 1995),
sendo o resultado exibido na forma de dendrograma. Este
célculo foi processado com auxilio do programa de
computador BioDiversity-PRO (McAlecee et al., 1997).

4. Resultados

4.1. Ictiofauna

Foram coletadas 18 espécies de peixes no Corrego
Séo Carlos, pertencentes a cinco ordens e dez familias, num
total de 940 individuos e 1.671 g de biomassa. Do total de
espécies coletadas, 11 foram consideradas residentes
(Tabela 2), das quais as mais abundantes foram Phalloceros
caudimaculatus, Hypostomus nigromaculatus, Hisonotus
sp., Trichomycterus sp. e H. ancistroides. No trecho supe-
rior as espécies mais abundantes foram Trichomycterus sp.
e H. nigromaculatus; no médio foram P. caudimaculatus e
H. nigromaculatus; no inferior foram Hisonotus sp. e P.
caudimaculatus (vide Tabela 2).

4.2. Comportamento alimentar e dieta

Dezesseis espécies de peixes foram observadas du-
rante mergulho, para as quais foram registradas sete taticas
alimentares (Tabela 3). A analise de 299 estdbmagos das 11
espécies residentes (Tabelas 4 e 5) mostrou que 70 % dos
itens alimentares sdo autdctones, 24 % aldctones e 6% ma-
terial de origem ndo identificada (Figura 2). Algas
(diatomaceas e cloroficeas), fragmentos de vegetais
superiores, larvas de insetos aquéaticos (Diptera e
Trichoptera) e bivalves representaram 86% dos itens de
origem autoctone, enquanto que Hymenoptera (Formicidae)
representou 61% dos itens de origem aléctone. N&do foram
encontradas diferencas sazonais na ocorréncia dos itens
alimentares.

De acordo com a similaridade entre a composicao
percentual das dietas das espécies analisadas trés guildas
alimentares foram estabelecidas (Figura 3). Nao foi possivel
realizar uma andlise comparativa da dieta dos peixes entre
os trechos amostrados, pois algumas espécies foram
numericamente pouco representadas. Ao longo do riacho
as trés guildas alimentares foram representadas, variando
apenas em sua composicdo (Tabela 6). Dezoito pares de
espécies (33% dos casos de sobreposi¢do) apresentaram
sobreposicao alimentar significativa (Tabela 7).

4.2.1. Invertivoros

Neste grupo foram incluidas sete espécies de peixes
que ingeriram principalmente insetos. No dendrograma de
similaridade entre as dietas (Figura 3) nota-se tambhém maior
semelhanca entre as espécies de acordo com a origem do

alimento. Os caracideos se alimentam principalmente de
itens alctones (Formicidae) enquanto que os siluriformes
e o ciclideo se alimentam principalmente de itens autdctones
(larvas aquaticas de Diptera e Trichoptera).

Os lambaris, todos de habito alimentar diurno,
apresentaram elevada sobreposi¢édo alimentar. Oligosarcus
pintoi é um predador de emboscada (“ambush predator”,
cf. Sazima, 1986) enquanto que M. sanctaefilomenae e A.
altiparanae praticam com mais freqiiéncia (95% dos
registros) a cata de itens arrastados pela corrente (“drift-
feeding”, cf. Grant & Noakes, 1987). Oligosarcus pintoi
permanece nadando lentamente em pocos mais profundos
junto de remansos marginais e, quando percebe alguma
particula alimentar, desloca-se rapidamente em um Unico
impulso para aboca-la. Astyanax altiparanae forma grupos
de até 30 individuos que nadam a meia-agua coletando
particulas arrastadas pela corrente; em algumas ocasides
foram avistados investindo contra raizes submersas de
gramineas marginais. Durante a noite, os individuos de A.
altiparanae permanecem estacionarios nos pogos mais
profundos do riacho; porém, em duas ocasifes no periodo
noturno, adultos dormentes foram observados capturando
insetos que submergiam na agua, vindos da vegetacao
riparia. Moenkhausia sanctaefilomenae, formando grupos
de trés a quatro individuos, foi avistada ocupando posicoes
marginais dos cardumes de A. altiparanae.

Rhamdia quelen, Trichomycterus sp. e C. aeneus,
também com alta sobreposi¢éo alimentar entre si, capturam
alimento junto ao fundo do riacho. A primeira espécie
forrageia a partir do anoitecer, entre rochas, sem revolver o
substrato (“crepuscular-nocturnal bottom predator”, cf.
Sazima, 1986), enquanto que Trichomycterus sp. e C. aeneus
alimentam-se durante o dia. Neste processo revolvem
superficialmente o substrato a procura de presas que sao
abocadas rapidamente através de succdo (“hunting specu-
lation” cf. Curio, 1976 e “grubbers excavating while mov-
ing”, cf. Sazima, 1986). Crenicichla britskii apresentou
sobreposicdo alimentar com a maioria das espécies
invertivoras, com os maiores valores observados para R.
quelen, Trichomycterus sp. e C. aeneus. Durante o dia ocupa
principalmente abrigos junto de raizes submersas da
vegetacdo marginal, apresenta-se semi-estacionaria, com
coloracdo disruptiva e captura suas presas através da tatica
de emboscada.

4.2.2. Onivoro com tendéncia a herbivoria

Os itens ingeridos por Phalloceros caudimaculatus
foram principalmente de origem autoctone. Algas e
fragmentos de vegetais superiores corresponderam a 71%
da dieta, contra 29% representados por microcrustaceos
(Copepoda e Cladocera) e insetos aquéticos, o que justifica
aclassificacdo de P. caudimaculatus nesta guilda alimentar.
A elevada participacdo de algas e vegetais superiores na
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Figura 2. Diagrama de barras da composi¢do percentual das dietas combinada de 11 espécies de peixes no Cdrrego S&do Carlos com 0s
itens alimentares agrupados em categorias ecolégicas amplas.
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Figura 3. Dendrograma de similaridade sobre os valores de composi¢do percentual da dieta de 11 espécies de peixes no Cérrego Sédo
Carlos. * Predominancia de larvas aquaticas de insetos, ** predominancia de insetos terrestres.
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Espécies por trecho Constancia de  Estacdo seca Estacéo chuvosa Total
ocorréncia
Superior
Rhamdia quelen 50 - 4 4
Trichomycterus sp. 100 36 71 107
Hisonotus sp. 25 2 - 2
Hypostomus ancistroides 50 1 1 2
Hypostomus nigromaculatus 100 76 87 163
Phalloceros caudimaculatus 100 12 21 33
Subtotal 127 184 311
Meédio
Oligosarcus pintoi 25 - 2 2
Rhamdia quelen 75 7 2 9
Trichomycterus sp. 100 5 15 20
Hisonotus sp. 100 13 10 23
Hypostomus ancistroides 100 7 14 21
Hypostomus nigromaculatus 100 11 21 32
Corydoras aeneus 50 1 1 2
Phalloceros caudimaculatus 100 39 96 135
Synbranchus marmoratus 25 - 1 1
Subtotal 83 162 245
Inferior
Hoplias malabaricus 25 - 1 1
Astyanax altiparanae 75 4 3 7
Astyanax sp. 25 1 - 1
Moenkhausia sanctaefilomenae 100 7 7 14
Oligosarcus pintoi 100 12 5 17
Characidium sp. 25 - 1 1
Imparfinis mirini 25 2 - 2
Phenacorhamdia hohenei 25 - 1 1
Rhamdia quelen 50 3 1 4
Pimelodella aff. gracilis 25 1 - 1
Hisonotus sp. 100 79 62 141
Hypostomus ancistroides 100 29 36 65
Hypostomus nigromaculatus 100 4 6 10
Corydoras aeneus 100 7 10 17
Phalloceros caudimaculatus 100 11 81 92
Crenicichla britskii & 2 8 10
Subtotal 162 222 384
Total 372 568 940

Tabela 2. Espécies de peixes, constancia de ocorréncia (%) e nimero de exemplares coletados nos trechos estudados do Corrego Sao
Carlos, Parque Estadual Morro do Diabo, sudeste do Brasil, nas estagdes seca e chuvosa.
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Téaticas alimentares| Espécies Periodos Micro-habitats
Predadores Hoplias malabaricus* crepusculo agua, entre raizes submersas da
de emboscada vespertino vegetacdo marginal
Oligosarcus pintoi dia meia agua, em pequenos pogos junto
as margens
Crenicichla britskii dia mela agua, entre raizes submersas da
vegetacdo marginal
Catadores de itens Astyanax altiparanae dia meia dgua, no meio do canal
arrastados pela corrente[ Astyanax sp. * dia meia &gua, junto as margens
Moenkhausia sanctaefilomenae| dia meia agua, junto as margens e
também entre agrupamentos de A.
altiparanae
Cata de itens Phalloceros caudimaculatus dia na superficie, em pogos rasos junto
na superficie as margens
Predador de espreita Characidium sp. * dia no fundo, entre rochas
Especuladores Trichomycterus sp. dia no fundo, entre rochas
de substrato Corydoras aeneus dia no fundo arenoso em pequenos
pocos junto as margens
Imparfinis mirini * noite no fundo, entre rochas
Phenacorhamdia hohenei * noite no fundo, entre rochas e entre raizes
submersas da vegetacdo marginal
Predador
bentdnico Rhamdia quelen crepusculo no fundo, em pocos mais

oportunista

vespertino e noite

profundos

Pastadores

Hisonotus sp. dia pousados sobre a vegetacdo
marginal submersa

Hypostomus ancistroides noite pousados sobre rochas junto ao
fundo ou sobre galhadas submersas

Hypostomus nigromaculatus crepusculo pousados sobre rochas

vespertino e noite

junto ao fundo

Tabela 3. Taticas alimentares, periodos do dia e micro-habitats preferenciais de forrageamento de 16 espécies observadas durante
mergulhos no Corrego Sao Carlos, Parque Estadual Morro do Diabo, sudeste do Brasil. Asteriscos (*) indicam espécies ocasionais.
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Phalloceros Hisonotus  Hypostomus Hypostomus
Itens caudimaculatus sp. ancistroides nigromaculatus
N 40 40 39 40
CP (mm) 14,4-28,9 17,9-36,7 28,3-85,2 18,9-65,5
Nvaz - - - -
Nnem - - - -
Nareia 12 20 25 21
Itens autéctones folcp folcp fo/cp folcp
Euglenophyceae 22,5/6,1 - - 2,5/1,0
Cyanophyceae (filamentosa) 57,5/15,4 2,5/1,0 - 5,0/2,0
Bacillariophyceae 82,5/22,1 100,0/43,0 100,0/47,5 97,5/39,4
Chlorophyta 32,5/8,7 45,0/20,0 74,3/35,4 87,5/35,3
Copepoda 22,5/6,1 - - -
Cladocera 12,5/3,3 - - -
Diptera 37,5/10,1 - - -
Trichoptera 2,5/0,7 - - -
Fragmentos de insetos aquaticos 35,0/9,4 - - -
Escamas 10,0/2,7 - - -
Origem indeterminada
Fragmentos de vegetais superiores 57,5/15,4 45,0/20,0 - -
Matéria organica - 37,5/16,0 35,9/17,1 55,0/22,3

Tabela 5. NUmero de exemplares examinados (N), intervalo de comprimento padrdo (CP), nimero de estdémagos vazios (Nvaz), nimero
de estbmagos com Nematoda parasitas (Nnem), nimero de estdmagos com grédos de areia (Nareia), freqiiéncia de ocorréncia (fo) e
composicdo percentual (cp) dos itens encontrados na dieta das espécies de peixes onivoras e perifitivoras.

Guildas Superior Médio Inferior

Onivoros Phalloceros caudimaculatus (33) Phalloceros caudimaculatus (135) Phalloceros caudimaculatus (92)

Perifitivoros  Hypostomus nigromaculatus (163) Hypostomus nigromaculatus (32) Hisonotus sp. (141)

Invertivoros

Hisonotus sp. (2)

Hypostomus ancistroides (2)

Trichomycterus sp. (107)

Hisonotus sp. (23)

Hypostomus ancistroides (21)

Trichomycterus sp. (20)
Rhamdia quelen (9)
Oligosarcus pintoi (2)

Corydoras aeneus (2)

Hypostomus ancistroides (65)

Hypostomus nigromaculatus (10)

Oligosarcus pintoi (17)
Moenkhausia sanctaefilomenae (14)
Corydoras aeneus (17)

Crenicichla britskii (10)

Astyanax altiparanae (7)

Rhamdia quelen (4)

Tabela 6. Composicdo das guildas alimentares referente a comunidade de peixes do Cérrego Sdo Carlos ao longo do gradiente longitudi-
nal. Entre parénteses esta informado o nimero de individuos coletados.

http://www.biotaneotropica.org.br


http://www.biotaneotropica.org.br
http://www.biotaneotropica.org.br

Lilian Casatti - Biota Neotropica, v2 (n2) - BN02502022002

11

Aalti Msanc  Opint Rquel Trich Caene Cbrits Hison Hanci Hnigro
Msanc 0,95* - - - - - - - - _
Opint 0,95 0,99* - - - - - - - -
Rquel 0,46 0,52 0,48 - - - - - - -
Trich 0,30 0,45 0,42 0,90* - - - - - -
Caene 0,40 0,52 0,50 0,77 0,78* - - - - -
Cbrits 0,52 0,63* 0,61* 096* 0,95 0,82* - - - -
Hison 0,06 0 0 0,08 0 0,03 - - -
Hanci 0 0 0 0 0 0 0,95* - -
Hnigro 0 0 0 0 0 0 0,96* 0,99* -
Pcaudi 0,10 0,14 0,13 0,31 0,31 0,28 0,32 0,88* 0,86* 0,88*

Tabela 7. Valores de sobreposicdo alimentar entre as espécies de peixes do Corrego S&o Carlos, Parque Estadual Morro do Diabo, sudeste
do Brasil. Valores > 0,58 sdo considerados significativos (indicados por *). Aalti (Astyanax altiparanae), Msanc (Moenkhausia
sanctaefilomenae), Opint (Oligosarcus pintoi), Rquel (Rhamdia quelen), Trich (Trichomycterus sp.), Caene (Corydoras aeneus), Cbrits
(Crenicichla britskii), Hison (Hisonotus sp.), Hanci (Hypostomus ancistroides), Hnigro (Hypostomus nigromaculatus).

dieta de P. caudimaculatus também esta refletida na
sobreposic¢ao alimentar apresentada entre esta espécie e as
perifitivoras. A captura do alimento se da durante o dia, em
remansos rasos, junto as margens, onde grupos de 5-15
individuos nadam ativamente contra a correnteza, proximos
a superficie, catando pequenos itens arrastados pela
corrente e na superficie (“drift-feeding” cf. Grant & Noakes,
1987 e “surface picking”, cf. Sazima, 1986).

4.2.3. Perifitivoros

As trés espécies de cascudos mostraram elevada
sobreposicao alimentar e ingeriram quase que exclusivamente
perifiton. Todas utilizam a tatica de pastejo (“grazing”, cf.
Keenleyside, 1979) na qual os peixes ficam apoiados sobre
rochas, troncos e vegetais submersos, de onde raspam a
matriz perifitica. Nos estdmagos analisados, algas
apresentaram maior freqiiéncia de ocorréncia, dentre as quais
se destacam as diatomdaceas bentdnicas (principalmente
Tabellaria, Navicula, Pinnularia e Bacillaria) e cloroficeas
(principalmente Spirogyra, Oedogonium e Mesotaenium).

No Corrego Séo Carlos, Hisonotus sp. forrageia du-
rante o dia. Essa espécie utiliza as nadadeiras pares para
manter sua estabilidade quando esté aderida a folhas, galhos
ou raizes submersas. Enquanto raspa com a boca, faz breves

interruggﬁes para _se deslocar por curtas distancias,

geralmente de uma folha a outra. Hypostomus
nigromaculatus forrageia ativamente a partir da metade do
dia até o inicio da noite, em &reas mais correntosas entre
saibros e cascalhos, deixando a parte posterior do corpo
ondular pela correnteza. Hypostomus ancistroides comeca
aatividade de forrageio com o inicio da noite, principalmente
junto as margens, sobre galhos e troncos submersos, onde
os individuos ficam aderidos pela boca enquanto raspam,
apresentando as nadadeiras peitorais distendidas o que,
provavelmente, auxilia na sua estabilidade. Enquanto
raspam, os individuos de H. ancistroides e H.
nigromaculatus camuflam sobre o substrato, por
homocromia.

5. Discussao

A importancia do aporte de material aloctone para a
alimentacao dos peixes de riachos é bem documentada na
literatura (vide Saul, 1975; Angermeier & Karr, 1984; Lowe-
McConnell, 1999; Sabino & Castro, 1990; Henry et al., 1994,
Sabino & Zuanon, 1998; Castro, 1999). Apesar de alguns
trabalhos (Costa, 1978; Moyle & Senanayake, 1984; Uieda
et al., 1997 e presente estudo) registrarem a maior
participacdo de itens autdctones nos estdmagos (algas e
invertebrados aquaticos), de fato estes itens sdo
dependentes de nutrientes advindos da matéria organica
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carreada da vegetacdo riparia, considerada a base da cadeia
tréfica em ecossistemas de riachos (Gregory etal., 1991), 0
que acentua a importancia da conservacao de areas riparias
para as comunidades aquaticas (Angermeier & Karr, 1984).

Representantes das trés guildas alimentares foram
encontrados em todos os trechos estudados do Cdrrego
Sdo Carlos (vide Tabela 6). Dentre os perifitivoros, H.
nigromaculatus apresenta constancia decrescente ao longo
do riacho e, dentre os invertivoros, o mesmo foi constatado
para Trichomycterus sp. Essas duas espécies, de habitos
reofilicos, possuem micro-habitats bastante especificos e
ocorrem quase que exclusivamente em corredeiras que, por
sua vez, sdo progressivamente mais raras em sentido
jusante. As demais espécies de perifitivoros e invertivoros
apresentam constancia crescente ao longo do riacho
provavelmente em fungéo da adig&o longitudinal de micro-
habitats e, portanto, da adicdo de sitios disponiveis para
alimentacéo, favorecendo espécies que exploram ativamente
a coluna d’agua (p. ex. A. altiparanae e M.
sanctaefilomenae) e outras que exploram substratos
arenosos (C. aeneus) e pogos marginais (C. britskii). Esses
resultados apontam para uma correlacdo positiva entre
heterogeneidade de habitat, diversidade de peixes e
complexidade de suas relagdes (cf. Schlosser, 1982).

No Corrego S&o Carlos, 33% dos pares de espécies
utilizam recursos alimentares semelhantes, porém essa
sobreposicdo ndo necessariamente invoca a existéncia de
competicdo por alimento, podendo ser reflexo tanto da
disponibilidade destes recursos (Hurlbert, 1978), que séo
diferencialmente partilhados (Ross, 1986), quanto do grau
de inclusividade taxondmica de cada categoria alimentar
utilizada na analise. No Brasil, estudos que envolvem a
biologia alimentar de peixes de riachos (p. ex. Sabino &
Castro, 1990; Aranha et al., 1993; Buck & Sazima, 1995;
Uieda et al., 1997; Aranha et al., 1998; Casatti & Castro,
1998) exemplificam casos em que ocorre partilha de recursos,
apesar da existéncia de alguma sobreposicdo alimentar. Em
adicdo, a inferéncia sobre a existéncia de sobreposi¢édo
alimentar através de métodos indiretos deve considerar que
a resolucgdo taxondmica alcancada na identificac&o dos itens
alimentares pode ser insuficiente para esclarecer como se
caracterizam as presas ingeridas em termos de distribui¢do
espacial e temporal. Este cuidado certamente influencia a
interpretacdo de como ocorre a partilha de recursos e a
estruturagdo das comunidades (vide Longenecker, 2001).

Apesar da semelhanca na dieta das espécies
invertivoras, a combinacdo de diferentes micro-habitats,
periodos de atividade e taticas utilizadas na captura do
alimento certamente minimiza o efeito da sobreposi¢édo
alimentar e representa uma situacdo comumente encontrada
em riachos tropicais (vide Moyle & Senanayake, 1984; Sabino
& Castro, 1990; Sabino & Zuanon, 1998; Aranha et al., 1998;
Casatti & Castro, 1998).

A Unica espécie onivora, P. caudimaculatus, foi
comum aos trés trechos. Essa ampla distribuicdo ao longo
do riacho estudado pode estar associada a sua flexibilidade
alimentar, visto que essa espécie foi a que apresentou maior
variabilidade de itens alimentares em termos de categorias
ecoldgicas. Apesar de ter sido registrada apenas a cata de
itens arrastados pela correnteza, a presenca de fragmentos
de vegetais superiores em 57,5% dos estdmagos analisados
indica que esta espécie também pode praticar a poda,
conforme Sabino & Castro (1990) observaram em um riacho
litoraneo do Brasil. Além disso, a elevada frequéncia de
diatoméaceas bentbnicas nos estbmagos analisados pode
também indicar a captura do alimento junto ao fundo.

Dentre os cascudos o periodo de forrageamento e 0s
micro-habitats explorados se combinam de forma distinta
para cada uma das trés espécies. Provavelmente o formato
mais hidrodindmico de H. nigromaculatus favorece o
forrageamento em areas mais correntosas, o que se reflete
no fato desta espécie ser uma das mais bem sucedidas no
trecho superior. Semelhante segregacéo espacial foi
verificada por outros autores entre Microlepidogaster sp.,
Hypostomus garmani e Harttia sp. no Alto rio Séo Fran-
cisco (Casatti & Castro, 1998); entre Ancistrus sp., Harttia
kronei, Kronichthys subteres e Schizolecis guntheri em
um riacho de Mata Atlantica (Buck & Sazima, 1995) e entre
Hypostomus sp., Microlepidogaster sp. e H. ancistroides
em um riacho da bacia do Alto rio Parana (Uieda et al.,
1997). No caso especifico da comunidade de pastadores
perifitivoros, a evolucao deste padrdo de exploragdo espacial
diferencial parece também diluir o impacto da predacéo sobre
a comunidade de algas, apesar deste ser um recurso
relativamente abundante em riachos (Uieda et al., 1997).

Assim, acomunidade de peixes no Corrego Séo Carlos
mostra-se estruturada em nivel espacial, temporal e trofico,
apresentando uso partilhado dos recursos alimentares
disponiveis. Se existe competicdo interespecifica por
alimento, essa interacdo ndo foi detectada. Além disso, 0
acréscimo de espécies em cada categoria tréfica ao longo
do riacho possivelmente é um reflexo da crescente
heterogeneidade longitudinal de micro-habitats na area,
disponibilizando sitios de alimentacdo adicionais (cf.
Schlosser, 1982; Angermeier & Karr, 1984). Trabalhos dessa
natureza em sitios-referéncia especificos permitem
compreender como Se estruturam as comunidades de peixes
e fornecer importantes informagdes subsidiarias para
estudos de impactos pontuais e restauracédo (Barbour et al.,
1996).
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1 Escrito a varias maos, este texto é ainda um esbogo, um roteiro de futuros didlogos e aprofundamentos em
um tema ainda relativamente novo para todos ndés. Queremos registrar aqui a presenca e a colaboragdo de
professores e estudantes de graduacéo e de pos-graduacdo da ESALQ/USP, da UFSCar e do Centro
Universitario Moura Lacerda, de Ribeiréo Preto: (Marcos Sorrentino, Maria de Lourdes Spazziani, Eliana A.
Dancini, Maria Castellano, Maria Alice Ferreira, Rita Helena Troppmair de Almeida Moura, Flavia Maria
Rossi, Antonio Vitor Rosa, Fabio Deboni da Silva, Isis Akemi Morimoto, Sandra Lestinge, Maria Claudia
Nogueira, Vital Pascarelli Jr., Ana Paula Coati, Claudia Coelho, Guaraci Diniz Jr., Jorge da Silva, Valéria
Freixédas, Ondalva Serrano, Raguel Pasinato )

Resumo— A quemdirijo o que pesquiso e quem |€ 0 que eu escrevo? I maginemos por um momento as aguas calmas
e verde-azuladas de um remanso no rio que, inspirado no conto de Jodo Guimaraes Rosa, nos acompanharaaqui como uma
boaimagem. Podemosimaginar agoraumapedra, ndo muito grande e arredondada, atiradade longe por alguém no meio de
suas &guas calmas. Que esta sgja uma metéfora proveitosa a um convite a pensar as dimensdes de algumas possiveis
respostas a dupla pergunta: “aquem dirijo o que pesquiso e quem |€ 0 que eu escrevo?’. Entre asolidéo da pedra em seu
vO0 antes de cair nas &guas, e as ondas concéntricas que elacriardao mergulhar até o fundo do rio, podemos desenhar uma
sequiéncia de circulos deinterl ocutores de documentos de original vocacao cientifica. Este exercicio, pouco proveitoso em
outras situacfes, sera oportuno aqui, pois ele ajuda a estabelecer uma compreensao um tanto mais ordenada arespeito da
questéo das dimensdes da acolhida de leitura e de intengBes de proveito de trabalhos resultantes da investigacfes do
Programa BIOTA/FAPESP, redlizadas ou ainda em processo. Serve também a qualificar critérios para as maltiplas
alternativas de uma possivel interacéo entre elas e a educacao ambiental. Inseridos como educadores em um cenério de
operacdes realizadas com absoluta predominancia dentro ou através da universidade, ndés nos imaginamos como uma
espécie de ponte, de coberturade interval os entre a produgéo cientificaespecializada - tal como aque configuraos projetos
especificos do BIOTA e os seus diferentesinterl ocutores/usuarios envolvidos, dentro e fora da academia, com algum tipo
de trabalho associado aos fundamentos do Programa, e considerados como diferentes tipos de educadores ambientais.
De um ponto de vista bastante ampliado, nés os reconhecemos como educadores identificados em uma destas categorias:
profissionais (professores universitarios e/ou de outros niveis de ensino da rede publica ou particular); alternativos (os
diversos tipos de integrantes de ONGs ambientalistas ou participantes outras agéncias, publicas ou civis, devotadas a
atividades|ocais sisteméticas de cunho ambiental); emformac&o (como os futurosintegrantes de nossos cursos). Queremos
considerar este conjunto de trabal ho cientifico, pedagdgico e ambientalista, realizado em varios planos e diregdes, como um
sistema integrado de educacéo ambiental. Em seu interior e ao longo de suatrajetoria, as atividades de pesquisa cientifica
desdguam em uma vocagdo organi camente pedagdgica, damesma maneiracomo as iniciativas propriamente pedagdgicas
dever&o se constituir como momentos privilegiados de construcéo de conhecimentos, logo, de alguma estilo reconhecido
deinvestigacao cientificanosinterval os de conex&o entre as ciéncias naturais- como as que configuram aquase totalidade
dos projetos do Programa- e as da pessoa humana, da sociedade e da cultura, como as que pretendemos fazer interagirem
em, através de e como diferentes momentos da educagéo ambiental aqui proposta. Saber como fazer isto, e como tornar
nossa propostaum model o multiplicavel deinteracdo entre apesquisa, adocéncia, aintervencao comunitériae aelaboracéo
proveitosade material didatico apartir daprodugéo cientificadireta, haverd de ser o nosso primeiro aprendizado.

Palavras-chave — biodiversidade; educacdo ambiental; divulgacéo cientifica; pontes de conhecimento.
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1. Aquemdirijo 0 que pesquiso equem|éoqueeu
escrevo?

Imaginemos por um momento as &guas calmas e
verde-azuladas de um remanso no rio que, inspirado no conto
de Jodo Guimar&es Rosa, nos acompanhardaqui como uma
boaimagem. Podemosimaginar agoraumapedra, ndo muito
grande e arredondada, atirada de longe por alguém no meio
de suasguas camas. Que estasgjaumametaforaproveitosa
aum convite a pensar as dimensdes de algumas possiveis
respostas a dupla pergunta: “aquem dirijo 0 que pesquiso
equem € o que eu escrevo?’. Entre asoliddo dapedra em
seu vOo antes de cair nas aguas, e as ondas concéntricas
gue ela criard ao mergulhar até o fundo do rio, podemos
desenhar uma seqiiéncia de circulos de interlocutores de
documentos de original vocagéo cientifica.

Este exercicio, pouco proveitoso em outras situacoes,
sera oportuno aqui, pois ele gjuda a estabelecer uma
compreensdo um tanto mais ordenadaarespeito daquestéo
das dimensdbes da acolhida de leitura e de intencdes de
proveito de trabalhos resultantes da investigacdes do
Programa BIOTA/FAPESP, realizadas ou ainda em
processo. Serve também a qualificar critérios para as
muiltiplas alternativas de umapossivel interacdo entreelase
a educacdo ambiental.

Podemos pensar que mesmo antes de tocar as guas
dorio, apedraestabel ece um primeiro eixo deinterlocugéo.
Um quase-circuloinvisivel, masresal. Situemosai o momento
emqueoletor deumrelatorio parcia oufinal deinvestigagdo
cientifica é apessoade seu proprio autor. Nadamaistrivial
e cotidiano. Nada menos esguecido nhas sociologias da
produc&o académica. Bem sabemos que boaparte do oficio
de pesquisar eescrever éaexperiénciadeum didlogo - ndo
raro &rduo e dificil - entre a pessoa do autor queredigee a
pessoaleitorade si-mesma, como “me” criticodo“eu”, que
[éoquecria, erelg, criticae, ndoraro, reformula.

No exato momento em que a pedra toca as aguas,
antesmesmo deiniciar 0 seu mergulho, deve haver um breve
instante de contato entre elae o rio. Imaginemos um ponto,
um circulo minimo, aindasequer visivel por alguém queestgja
namargem proxima. Estapoderd ser ainstanténea imagem
de um primeiro didlogo de fato interpessoal. A lembranca
gue nos vem é a dos encontros de trabalho entre um
orientador de tese e um orientando. Depois do didogo de

1 O conto tem o nome: a terceira margem do rio, e esta no livro
primeiras estérias, publicado originalmente pela José Olympio, do
Rio de Janeiro. A partir da 132 edigdo, em 1985, o livro passou a ser
publicado pela Nova Fronteira, também do Rio de Janeiro. Entre
outros estudos, em “Do lado de c&” Walnice Nogueira Galvao
escreveu um notével ensaio sobre o conto de Guimardes Rosa. Pode
ser encontrado em Mitologia Rosiana, Editora Atica, de S&o Paulo,0
em 1978.

interagdo pessoal do tipo eu-me, este circulo minimo
estabelece uma primeiratroca de idéias ao redor do saber
gerado pelo texto pronto ou ainda em elaboracdo. Pouco
visivel e pouco levado em conta em uma “fenomenologia
do didogo a volta do texto cientifico”, esquecemos com
freqliéncia que sobretudo durante o processo do trabalho
de interacdo entre os dados e as idéias, passamos longas
horas de muitos dias as voltas com esta minima esfera de
didogo académico. Um did ogo alargado adimensdo deuma
equipe vivencial ou virtual de interlocutores de um
documento em seu processo de criagdo. A listagem de
agradecimentos a algumas pessoas tomadas como criticos
deprimeiraescol ha reflete umapraticahojetornadacomum
entre nos.

Ao comegar a mergulhar nas &guas do rio a pedra
estende em sua superficie alguns circulos concéntricos. O
maisimediato, o primeiro démdo ponto-circuloinicid, revela
aimagem deumaesferamaisintimadeleitoresparaadémda
primeirarelacdo dua ou, no limite, restrita ao @mbito de
uma pequena equipe de “colegas do cotidiano”. Ambito,
ainda, deumaintercomunicacdo de escolhaassumidaentre
0 investigador-autor e um ou alguns revisores criticos e
cumplices, no melhor sentido dapaavra. Ora, daqui em diante
o aargamento do nimero e davariedade deleitores criticos
conspiracontraosdireitosde liberdade motivadade escolha
de interlocutores, de parte do autor original. Uma vez
multiplicado paraasuaprimeiradivul gacdo, sgjaaindacomo
um documento interno de leiturareservada, seja natelade
umateiadeleitoreseletrdnicos, sgja como um artigo editado,
o circulo dos didogos estabelece e impde que o autor se
submeta a uma perda de seu precario poder de escolha
pessoal de seus proprios criticos. Dada a comunicacdo
restrita entre autores-leitores proximos e distantes, este €,
ainda, um ambito de uma leitura atenta entre pares. Entre
profissionais especializadosdo ramo e, em geral, praticantes
de um mesmo tipo de realizagdo cientifica. Nele estéo
situados, na maior parte dos casos, 0s também
investigadores diretos do tema. Este €0 &mbito em que um
teor fortemente critico e atualizadamente comparativo (e
corporativo, muitasvezes) éanormadaleitura

Um terceiro circulo, aindamuito préximo ao segundo,
estende os dois primeiros ao ambito dos leitores ainda
especialistas, mas raramente interlocutores diretos.
Lancando méo de umaimagem caraa Antropologia Social,
podemos dizer que nele estdo situados 0s que possuem,
com o circulo dosleitores-familiares, um mesmo parentesco
cientifico sem serem, no entanto, integrantes do mesmo
grupo doméstico. Sdo dafamilia, masndo moram namesma
casa real ou virtual. Serdo provavelmente as pessoas
presentes na mesma sessdo de um congresso cientifico
especializado; os leitores profissionalmente obrigados a
leitura competente dos artigos de revistas de seu campo
peculiar de trabalho intelectual; os citantes e os citados no
texto ou em notas de trabalhos do género; os &filiados a
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mesma corrente de teoria e empiria, os vizinhos a ela, os
seus criticos moderados ou mesmo hostis. Enfim, aqueles
que, em situagdes bem menos cotidianas do que os
habitantes dos dois primeiros circulos, face ou face ou
atraveés de escritos de restrita circulagdo (outros artigos,
resenhas, notas bibliogréficas, cartas a redacéo darevista)
n3o apenas |éem o que se escreveu, mas se reconhecem
como tendo algo pertinente adizer arespeito. A isto damos
em geral o nome de debate cientifico, e este € o limite da
leitura académicanivelada ao estilo “deigua paraigual”,
em seu plano maisdireto eimediato.

Asaguas seabrem aum quarto circulo. E eleconvoca
interlocutores de campos de ciéncias e de outras préticas
sociais ainda proximos, ou jé& relativamente distanciados.
Isto se torna mais e mais comum nos dominios em que o
saber da ciéncia vem se obrigando aser mais interativo e
maisatento ahorizontestransdisciplinares. A Ecologiaéo
seu melhor exemplo. E de se esperar que textos ndo tdo
plena e limitadamente especializados em algum tema
associado a biodiversidade, estendam o seu horizonte de
leitura a outros profissionais do mesmo campo do saber,
mas ndo da mesma &rea especifica de pesquisa do autor.
Profissionais ainda do mundo universitario, ou ja situados
em suas multiplas fronteiras, abordam o texto cientifico
escrito ndo mais para estabelecer um didlogo direto entre
especialistas no assunto tratado. A sua motivagéo é o
ampliar algumadimensio de seu préprio conhecimento por
meio de leituras de alargamento de um estilo de saber
correlato.

Um tema de teoria, empiria e prética socia téo
abrangente, multifocal e complexo como abiodiversidade,
acadadiadeixa de ser umaruade mé&o Uinicaou mesmo uma
avenida de mdo dupla, para tender a se tornar uma dessas
pragas do conhecimento até onde se chegavindo de muitas
ruas e de onde se pode partir em dire¢do arumos diversos,
mesmo quando de algum modo convergentes. Em suaorigem
enasuavocacdo, o tema da biodiversidadetende aser um
eixo de categorias do pensamento e de fundamentos da
acdo socioambiental logos, etno e sociodiversa. Isto &,
complexo e multifocal, de pontos de vista de teor:
epistemoldgico (diferentes abordagens contrastantes e
dialogicas), cultural (diversas tradig¢fes culturais -
indigenas, populares, extra-cientificas e extra-ocidentais
incluidas), e social (vérios atores sociais motivados a
diversas - e, ndo raro, antagdnicas - acOes sociais)?

Sabemos que bem mais do que acontece em outros

2 Este é 0 momento em que queremos indicar a leitura atenta de dois
livros do socidlogo Boaventura de Souza Santos: Um discurso sobre
aciéncia (licao de sapiéncia proferida na Universidade de Coimbra),
Editora Afrontamento, Porto, 1987; A critica da razdo indolente
— contra o desperdicio da experiéncia, Editora Cortez, Sao Paulo,
2000.

campos especializados ou semi-especializados do saber
cientifico, como afisicado estado solido ou o clculoinfini-
tesimal, uma boa parte das descobertas empiricas e do
avango dateoriano campo dabiol ogia-ecologiarel acionada
a biodiversidade, obriga-se a se voltar a seqiiéncias de
circulos de leitores-atores sociais (da professora da rede
publica ao secretario do meio ambiente de um municipio
paulista) quetendem ase aargar e adensar deumamaneira
crescente e irreversivel. Alargar, porque o ambito do
diferenciado interesse pelo tema abarca tipos de pessoas e
de grupos humanos interessados, cada vez mais amplos e
mais diferenciados. Um exemplo visivel é o aumento de
profissionais da area juridica dedicados a ou mesmo
especializados em “questfes ambientais’. Sabemos que o
Direito Ambiental € uma das éareas juridicas de maior
crescimento no Brasil de agora. Adensar, porque nosvarios
campos de atuacdo associada a questbes do meio ambiente
e, demaneiraespecial, aquestdesrel ativas abiodiversidade,
étambém bastante visivel e crescente anecessidade de um
conhecimento mais aprofundado, menos amador e
inevitavel mente maisinterativo com outros multiplos cam-
pos “trans’ do saber, cientifico ou ndo, e das diferentes
préticas sociais deles derivadas.

Deste circulo em diante os interlocutores n&o-
especialistas da producdo cientifica aqui considerada
realizam diferentes estilos de leituras. E, de uma maneira
bastante mais variada do que nos circulos antecedentes,
destinam o produto da leitura a diversas finalidades. Com
um pequeno exercicio de imaginacdo podemos reconhecer
|eituras vizinhas de um texto cientifico, como quando um
ecdlogo especializado em Mata Atlantica 1é um artigo de
boténicadasarvoresfrutiferas damesmafloresta, namesma
regido onde realiza a sua pesquisa empirica. Leituras
préximas, como quando um ambientalista militante [& um
livro sobre a ecologia da Mata Atlantica para tornar mais
substantivos 0s seus argumentos sobre 0 manejo ambiental
no municipio de S&o Luis do Paraitinga. Leituras de
proximidade ampliada, como quando uma professora de

3 Que este exemplo ndo pareca descabido. Alguns dos pioneiros da
botanica moderna eram também eximios aquarelistas ou pintores e
a ciéncia deve muito ao seu pendor de artista. Mesmo na atualidade
podemos citar dois exemplos. Rubens Matuck, um dos mais criativos
aquarelistas da natureza no Brasil, € também um inveterado estudiosos
de sementes. Possui em seu estidio provavelmente um dos mais
completos arquivos particulares de sementes no Pais e conhece o
assunto a fundo. Em fins-de-semana costuma sair de casa munido de
mudas de arvores que ha anos cultiva em seu quintal e as vai
plantando em quantos lugares vagos e adequados ele encontra na
Vila Madalena e adjacéncias. Ha alguns anos nos confidenciava que
enquanto se discute entre simpdsios e congressos o0 destino de nossas
arvores, ele ja plantou pouco mais de mil na cidade de Séo Paulo.
Evandra Rocha, uma eximia aquarelistas de plantas do Cerrado, é
também uma persistente estudiosa de boténica da regido Centro-
Oeste e uma séria e profunda conhecedoras de plantas medicinais da
regido.
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Biologia no Ensino Médio Ié o livro ou 0 artigo para
transformar algo daleitura em tema de umade suas aulas.
Leituras convergentes, mesmo quando aparentemente
distantes, como quando um artista plastico 1€ com uma
outraatencdo um artigo de botanicae um livro de ecologia
da Mata Atlantica, para aprender a dar nomes e conhecer
mais a fundo as espécies vegetais que costuma pintar®.

Este sera o circulo-limite daleitura correlata de um
texto cientifico a respeito da biodiversidade. Até aqui
estamos dentro de dois &mbitos culturais: o da criacdo
cientifica, que percorre os dois primeiros circulos aqui
considerados, e o dadifusdo cientifica, quealargaoterceiro
circulo. Dela em diante, em pontos de diferenciado
distanciamento do campo especializado da origem do
documento cientifico, outros|eitores abordam o texto direto
e estabelecem com ele algum tipo de didlogo, com vistas a
diferentes tipos de uso. Este é também um plano de leitura
onde o didlogo com afonte de origem do texto é pequena,
minima ou inexistente. Quantos de nés conhecemos o que
ocorre com o que criamos como um saber quando ele sai do
ambito daqueles que convivem conosco alguma forma de
didogo profissional competente?

Assim, quando algum uso oportuno daleituradeum
texto cientifico sobre a biodiversidade emigra para outros
campos de saber e de prética social, ja estaremos
mergulhados em um quarto circulo nas nossas &guas de
metéforas. Ele é aguele em que o escrito cientifico perde
algo de sua linguagem original sem perder, esperemos, o
sentido de seu teor, a0 tomar uma destas duas diregdes. A
primeira € a da divulgacdo cientifica. A revista Pesquisa-
FAPESP, asessdo semanal deciénciadaFolha de SGo Paulo
erevistasdeleituradirigida, masjando maisespecializada,
e de média-grande tiragem, como Superinteressante e
Galileu, s80 os exemplos mais conhecidos entre nés. A
multiplicagdo de sessBes de jornais e de outros tipos de
publicagBes dirigidas ao grande puablico, de revistas
especiaizadasem divulgacdo cientifica, e dedocumentarios
gue ocupam as vinte-e-quatro horas de alguns canais de
televisdo, congtitui aevidénciade umatransferéncianotavel
deinteresses deleituraem diregéo aciénciae atecnologia.
N&o sdo poucos, de resto, 0s cientistas sociais que
reconhecem, entre acumplicidade e o temor, que ciéncia-e-
tecnologiaaos poucos setransformam naideol ogiadapés-
modernidade.

A outradirec8o é aque mais nostocade perto aqui.
Pois ela desdgua na educacéo ambiental. Estamos a um
passo além dapuraesimplesdivulgacdo cientifica. Nao se
trata de difundir conhecimentos sobre a biodiversidade a
um publico geral e interessado, mas ndo necessariamente
envolvido com a dimens&o sociocultural da questdo. N&o
se trata, também, de informar e dar a conhecer pelo puro
interesse humano no alargamento do saber, como um
trabalho de uma primeiradimensdo detraducdo delinguagem

deum plano do saber aoutro, dentro de um mesmo dominio
do conhecimento. Trata-se, agora, de transferir de maneira
motivadae dirigidaumalinguagem de ciénciaespeciaizada
ou, em termos mai s desgjados, de umainteracdo entre cam-
pos cientificos conectivos (biol ogia-ecol ogia-etnobiol ogia-
sociologiado meio ambiente) paraumalinguagem didatica.
A tarefa do criador de diferentes textos de educacéo
ambiental, € 0 de ensaiar transferir umavocagao do saber -
“puro” ou “aplicado” - paraumaoutra-mesma linguagem,
dando a ela uma destinagéo diversa da original. Pois se a
vocagao daprimeiralinguagem éo “ produzir conhecimentos
através de uma alternativa apropriada de investigacéo de
um campo doreal”, adasegundalinguagem €0 “ criar meios
de aprendizagem adequada do conhecimento em si mesmo
(como valor deciéncia), em suasinteragdes (como vaor de
ética) e em suas préticas de socializagdo da natureza” (em
sua dimensdo de agdo tecnoldgica, de que o “manejo
sustentavel” € uma alternativa entre outras).

Viaderegrao investigador dabiodiversidade escreve
pensando nos leitores-interlocutores do seu primeiro e
segundo circulos de abrangéncia do didogo. E de grupos
depessoasdo primeiro circul o que saem as questBestedricas
e a maior parte dos desafios empiricos de suas aulas e
pesquisas. E dos mesmos ambientes de trabal ho e producéo
especializada do saber que sdo geradas as fontes de
financiamento de seus trabalhos. E entre estes mesmos
ambientes restritos e crescentemente especializados que o
cotidiano do investigador se move.

Dentro aindadestes dois primeiros circul os, sabemos
gue nos Ultimos vinte anos o ritmo de trabal ho e de debate
foi acelerado. Sabemos também que e a abrangéncia do
campo dos dialogos diretos foi e segue sendo bastante
alargado. Ha mais congressos, simpdsios e encontros
cientificos de pequena, média e larga escala em um més,
hoje em dia, no Pais e fora dele, do que em um ano, duas
décadas atras. H4 muito mais veiculos especiaizados (e
indexados) de divulgac&o de textos cientificos de autoria-
leitura-entre-iguais, e hamuito maiores cobrancas (cabidas
e descabidas) de producéo académica hoje em dia do que
no passado recente. Calcula-se que em algumas éreas de
trabalho académico um professor-doutor consome algo en-
tre 30 e 40% de seu tempo cotidiano, elaborando projetos,
escrevendo relatérios administrativos, respondendo cartas
oficials e prestando contas, financeira ou ndo.

Ainda que o tema deste paragrafo possa parecer
indevido agui e muito ligeiramente abordado, queremos
lembrar que pelo menos trés outros fatores ganham
relevancia entre teorias e préticas de pessoas e de equipes
de pessoas devotadas aum temacomo o dabiodiversidade.

Um deles tem a ver com o crescente influxo a uma
inevitavel integracdo de/entre saberes no campo da
producéo cientifica. O investigador-especidistafechado nos
dois primeiros circulos de seu campo especifico de saber,
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em algum tempo tenderdaser umararaespéciede curiosidade
viva do humano. Queremos acreditar que o horizonte de
uma vocagdo transdiciplinar das/entre as ciéncias do fu-
turo haverdde ser umaviagem sem volta.

O outrotem aver com ainteracao entre osdiferentes
cenérios culturais de pensamento, valor e praticas sociais.
Bem mais do que o fato acimalembrado, €l e é desconfiado
na universidade. Mas tanto aqui no Brasil quanto, e
principalmenteem forunsinternacionais, eletende asefazer
passar da excegdo a umaquase-norma. A cadadiamais as
guestdes de fato relevantes, dentro do e na fronteira do
ambito do conhecimento cientifico e dos cenérios
académicos, convocam amesma mesa (tdo redondae sem
privilégios quanto possivel): o fildsofo, o légico, o cientista
danatureza, os estudiosos da pessoa humana, da sociedade
e da cultura, o ativista social, o militante ambientalista, o
politico, olider sindical, o empresério, o musico, o misticoe
0 poeta. Experiénciasdestetipo multiplicam por todaaparte
a idéia de que dominios da sensibilidade e campos
diferenciaisdo sentido e do saber ndo séo hierarquicamente
desiguais, mas convergentemente diferentes.

Um terceiro fator tem a ver com a indeterminacéo.
Com um ponto de partidaéntico e epistemol 6gico que migra,
aos poucos, das teorias da fisica quéantica para os outros
vérios campos cientificos do saber. Cadavez maisem mais
areas de pesquisacientificae de producdo tedricaarespeito
do universo, davida e da pessoa humana, descobrimos que
somos bem mais comunidades de investigadores em busca
de diferentes leituras de significados multiplos de
compreensao e de explicacdo arespeito do que, individual e
coletivamente, percebemos que existe e acreditamos que
exista, do que procuradores de achados Unicos e criadores
exclusivos de leis definitivas a respeito do que supomos
gue defato exista.

No eixo entre estes trés fatores de desafio ao
pensamento e apesquisa, aindamais emum campo critico,
complexo, polissémico e politico, como o da biodiversidade,
€ quando nos vem a mente a questdo do enlace entre o
investigador-criador do saber cientifico e o destino social
de seu trabalho.

2. Uma ponte entre duas margensdo rio

O que estamos propondo, como uma experiéncia
educacdo ambiental inserido no Programa BIOTA/
FAPESP ndo é algo situado dentro de algum dos circulos
de nossas aguas do remanso de um rio de metaforas. Tem
maisaver com osinterval osentre um circulo e outro, ecom
as pontes detravessiade ida-e-voltaentre eles. De maneira
especial, ele se destina a pensar e praticar algo de proveito
entre 0 que se produz e dialoga nos dois primeiros circulos
€0 que seléapraticanos dois Ultimos.

Deste ponto em diante queremosrefletir aquestdo da
elaborac8o de material de educacdo ambiental a partir da
“leitura tradutora” de textos cientificos como material
didético, tomando como base nossa propria proposta de
insercdo no BIOTA. Ao formulamos uma proposta de
educacdo ambiental, reconhecemos alguns desafios a
nossa frente. Um deles pode ser formulado através desta
pergunta: como estabelecer e consolidar um trabalho
cientifico e pedagdgico de “traducdo” de textos deteoriae
de pesquisacientifico parausos didéticos situados dentro
ou forado contexto da educag&o escolar e formal?

O que é que estamos propondo? Quais séo as
dimensdes de trabalho de nossa proposta de educacdo
ambiental, como uma alternativa de contribuicdo ao
Programa Bl OTA/FAPESP?

Pretendemos criar um modelo detrabalho cientifico e
pedagégico pensado como um esforco de integracéo entre:
ainvestigacéo cientificadabiodiversidade, atransformagéo
de conhecimento cientifico em diferentes estilos e tipos de
instrumentos didaticos, a formacgdo de diferentes atores
sociaiscomo educadores ambientais de vocacdo biodiversa,
acriagdo de instrumentos de difusdo/divulgacdo ampliada
dacontribuicdo do BIOTA, atravésde redes de educadores
ambientais e de bancos de dados e pontos de vista (canteiros
deidéias).

O cerne de nossa proposta € a educacdo ambiental,
tomada em seu sentido o mais amplo e fecundo possivel.
Todas as acles previstas nascem dela e a ela convergem.
Um dos moveisdetodo o trabal ho é adiferenciadaformacdo
de educadores ambientais. Pessoas do mundo universitario
e exteriores a ele, pessoas situadas dentro do sistema da
educacdo escolar, formados para virem a ser, em suas
insercdes sociais, pessoas participantes, ativas, criticas,
criativas e co-responsaveis, como atores culturais
capacitadas para virem a ser agentes de pluriculturas de
vocagdo biodiversa.

Para tanto, estabelecemos um trabalho devotado a
estimular, apoiar e coordenar processos de producdo de
conhecimentos cientificos interativos com outros estilos
de saber arespeito davalorizacdo, do uso, da protecéo e da
regeneracdo da biodiversidade e do meio ambiente. Nossa
matéria prima sdo conhecimentos cientificos e derivados
que, no entrecruzamento entre as varias dimensdes e
vocagBes do campo das ciéncias do mundo universitério,
imaginamos estarem todo o tempo articulados com
propostas concretas de alternativas de melhoria da
qualidade de vida dos seres humanos, em suas pessoas,
culturas e sociedades, como integrantes e como ativos
criadores culturais de sentido e significado, usuérios e
transformadores do meio ambiente.

Como uma proposta de aprendizado de formas de
retraducado do saber cientifico em conhecimento partilhado
e formador de agentes ambientais de vocacdo biodiversa,
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pretendemos ir um pouco além de algumas mudangas
pessoais e interativas em pequena escala. Pensamos
participar de acbes destinadas a mudar culturas e
organizacgles sociais, publicas e civis, através da
transformagao de pessoas: suas consciéncias; seus sistemas
tradicionais de percepcdo e de atribuicdo de sentido ao
humano, a vida e a0 mundo; suas sensibilidades e suas
disposicdes operativas de sociabilidade (de criar vida so-
cial através daacdo interativa), inclusive e principal mente,
em nosso caso, através de processos culturais de
socializagdo danatureza.

Uma equipe ampla e polivalente devera redizar a
sequéncia interativa de nossos objetivos especificos ao
longo do percurso de vigéncia de nossa proposta de
inclusdo no BIOTA, emesmo apdsela, tal como desejamos.
Em suas vérias atividades no intervalo de um minimo de
guatro anos, pensamos que esta proposta sera realizada
através.

a) daproducéo continua de pesquisapurae aplicada,
como modalidades de investigacdo tedrica, documental,
empirica de campo, e de autodiagnostico

b) de uma atividade sistematica sobre os pontos de
interacdo e de integragcdes oportunas entre os diferentes
estilos de pesquisa social de vocacdo pedagégica, onde
valem de maneira equivalente a criacdo de conhecimento
original de valor cientifico em nossos campos de
competénciae de aplicacdo, atransferénciadiretaeindireta
destes saberes a outras areas de relacfes entre pessoas e
entre pessoas e a hatureza, e 0 proposito de revisdo critica
de teorias e de métodos de trabal ho, associada a criagdo de
novos sistemas de idéias e de novas metodologias de
intervencéo pedagdgico-ambiental;

¢) daelaboracéo, dadifusdo e do acompanhamento
avaliativo de diversos tipos e estilos de materiais e
instrumentos de traducéo de producdes académicas de uma
mdltipla ciéncia de investigacdo da biodiversidade, em
termos de uma pedagogia ambientalista de vocagdo
biodiversa, no correr de nossa diferenciada atividade de
investigacgéo cientifica e de formac&o de educadores
ambientais, e em interagdo com os seus diversos planos de
atividades, assim como com os das outras equi pes motivadas
a0 nosso trabal ho e integrantes do Programa Biota,

d) da criacdo de um programa de formacéo
diferenciada de educadores ambientais de vocagéo
biodiversa, no campo de execucgéo das experiéncias que
realizam os obj etivos antecedentes.

€) da gestacéo e da consolidacdo de bancos de
dados, deinformacdes pertinentes e de cenérios de didl ogos
arespeito de questdes centradas no entrelacamento entre a
biodiversidade, a sustentabilidade e a educacdo ambiental,
aolado dacriacdo deumaredevivencial evirtual depessoas
e de outras equipes de trabalho nas &reas de nossas
pesquisas, no Estado de S&o Paulo e para aém de suas

fronteiras.

Em sintese, pensamos a possibilidade de virmos a
gerar e tornar fecunda de sorte a que possamos of erecer
umaprimeirapropostano Pais, em queumamultifoca equipe
de professores-pesquisadores, ab mesmo tempo em que
estuda e dial oga saberes pertinentes a biodiversidade, como
um ponto focal da experiéncia ambientalista, trabalha por
criar e realizar pesquisas diversas, por participar da
elaboragdo e dadivulgacdo de materiaisrelacionados, e por
participar da docéncia programas interconectados de
formagdo educadores ambientais. E redliza este trabalho
como uma mesma multipla e interativa agéo pedagdgica
que recobre os pontos de conexao entre as &reas de atuacdo
aqui listadas.

Assim sendo, a proposta de educacdo ambiental,
como uma das interfaces do BIOTA, desdobra uma
segiiéncia de atividades que interligam e o tempo todo
devem fazer interagirem: asdiferentesmodalidadesenivels
de cursos de formagdo e de foruns e seminarios abertos
dedicados estudos de aprofundamento em ato nivel; as
pesquisas tedricas, investigacbes documentais e pesquisas
empiricas de campo; a“traducéo de linguagem de textos’
(do cientifico parao didético em diferentesniveisdeleitura),
a elaboracdo de materiais didéticos de divulgacdo de
conhecimentos sobre a natureza e de alternativas de
interac&o social com o meio ambiente.

Consideramos que dentro de um amplo programade
estudos sobre a biodiversidade no Estado de Sdo Paulo,
um dos propésitos iniciais e duradouros de um projeto de
educacdo ambiental recobre um trabalho sistematico de
transposicédo oportuna de documentos derivados de
pesquisas cientificas sobre a biodiversidade em material
pedagégico sobre a compreensdo da biodiversidade e o
manejo do meio ambiente em seu favor.

Inseridos como educadores em um cenério de
operacdes realizadas com absoluta predominancia dentro
ou atravésdauniversidade, nGs nosimaginamos como uma
espéciede ponte, de coberturadeinterval osentre aproducéo
cientificaespeciaizada- tal como aque configuraos projetos
especificosdo BIOTA - e os seus diferentesinterlocutores/
usudriosenvolvidos, dentro eforadaacademia, com algum
tipo de trabal ho associado aos fundamentos do Programa,
e considerados como diferentes tipos de educadores
ambientais. De um ponto de vista bastante ampliado, noés
0s reconhecemos como educadores identificados em uma
destas categorias: profissionais (professores universitérios
e/ou de outros niveisde ensino darede publica ou particu-
|ar); alternativos (osdiversostiposde integrantesde ONGs
ambientalistas ou participantes outras agéncias, publicas
ou civis, devotadas a atividades locais sisteméticas de
cunho ambiental); emformac&o (como osfuturosintegrantes
de nossos cursos).

Queremos considerar este conjunto de trabalho
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cientifico, pedagdgico e ambientalista, realizado emvarios
planos ediregdes, como um sistemaintegrado de educacéo
ambiental. Em seu interior e ao longo de sua trgjetoria, as
atividades de pesquisa cientificadesdguam em umavocagao
organicamente pedagdgica, da mesma maneira como as
iniciativas propriamente pedagdgi cas deverdo se constituir
como momentos privilegiados de construcdo de
conhecimentos, logo, de alguma estilo reconhecido de
investigacado cientifica nos interval os de conex&o entre as
ciénciasnaturais- como asque configuram aquasetotalidade
dos projetos do Programa - e as da pessoa humana, da
sociedade e da cultura, como as que pretendemos fazer
interagirem em, atravésde e como diferentes momentosda
educacdo ambiental aqui proposta. Saber como fazer isto,
€ como tornar nossa proposta um modelo multiplicavel de
interacdo entre a pesquisa, a docéncia, a intervengao
comunitériaeaelaboraco proveitosade material didéticoa
partir da producéo cientifica direta, havera de ser 0 nosso
primeiro aprendizado.
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Abstract —With the objective of testing the monophyly of the Calyptraeoidea and of searching for its ground plan, a detailed morpho-
logical analysis was conducted for the following species. a) Family Calyptraeidae, 1) Bostrycapulus aculeatus (Gmelin) (formerly
Crepidula); 2) Crepidula aff. plana Say; 3) C. protea Orbigny (these from Brazil); 4) C. aff. protea (from Argentina) (published
elsewhere); 5) C. convexa Say (from Venezuela); 6) C. fornicata (L.) (from Europe); 7) Calyptraea centralis (Conrad) (from Brazil); 8)
Crucibulumauricula (Gmelin) (from Venezuel@); 9) Cr. quiriquinae (Lesson) (from Chile); 10) Trochita trochiformis (Born) (from Chile);
11) Sigapatella calyptraeformis (Lam.) (from New Zealand, formerly Calyptraea); b) Family Hipponicidae, 12) Hipponix costellatus
Carpenter (formerly H. grayanus); 13) H. subrufus (Lam.); 14) H. incurvus (Gmelin) (formerly Capulus incurvatus) (these 3 from NE
Brazil); 15) H. grayanus Menke (from Mexico and Ecuador); 16) H. leptus n. sp. (N.E. Brazil); 17) Sabia conica (Schumacher); 18)
Malluvium devotus (Hedley) (both Australia); 19) Cheilea equestris (L.) (N.E. Brazil); c) Family Capulidae, 20) Capulus sycophanta
Garrard (Austraia); d) Family Trichotropidae, 21) Trichotropis cancellata Hinds (W. USA); 22) T. borealis Broderip & Sowerby (N.
Atlantic); 23) T. sp. (Alaska); €) Family Vanikoridae, 24) Vanikoro sp. (Australia). A phylogenetic analysis of 112 characters (177 states)
from morphology of all systemsand organsresultsin the following single most parsimonioustree: ((Trichotropiscancellata—T. borealis)
(Capulus sycophanta (Vanikoro sp ((Cheilea equestris (Sabia conica (Malluvium devotus ((Hipponix grayanus—H. leptus) (H. incurvus
(H. costellatus—H. subrufus)))))) (Sgapatella calyptraeformis (Trochita trochiformis (Calyptraea centralis ((Crucibulumauricula—Cr.
quiriquinae) (Bostrycapulus aculeatus (Crepidula argentina (C. convexa (C. fornicata (C. aff. plana—C. protea))))))))))))). Length: 267,
Cl: 67, RI: 88. Outgroups from other caenogastropod superfamilieswere used aswell as some archaeogastropod groups. The main result
isthe monophyly of Calyptraeoidea supported by 27 synapomorphies with basal Caenogastropoda used as the outgroup (Cerithioidea,
Hydrobioidea), and 21 synapomorphies when Stromboidea and Cypraeoidea were used as outgroups. Calyptraeoi deaincludes, succes-
sively along thetree, thefollowing monophyletic families: Trichotropidae, Capulidae, Vanikoridae, Hipponicidae and Calyptraeidae. The
hipponicid affinity of Cheileaisconfirmed. Sometaxonomic problemsfound in the sampled representatives (as mentioned above), were
partially resolved.

Key words - Caenogastropoda, Calyptraeoidea phylogeny, morphology, cladistic analysis, Hipponicoidea, Capul oidea.

Resumo —Com o objetivo de testar a monofilia dos Calyptraeoidea e obter seu “plano basico”, um estudo morfol dgico detalhado é
desenvolvido nas seguintes espécies: a) FamiliaCalyptraeidae, 1) Bostrycapul us acul eatus (Gmelin) (previamente Crepidula); 2) Crepidula
aff. plana Say; 3) C. protea Orbigny (todosdo Brasil); 4) C. aff. protea (daArgentina) (publicadaem outro artigo); 5) C. convexa Say (da
Venezuela); 6) C. fornicata (L.) (daEuropa); 7) Calyptraea centralis (Conrad) (do Brasil); 8) Crucibulumauricula (Gmelin) (daVenezu-
ela); 9) Cr. quiriquinae (Lesson) (do Chile); 10) Trochita trochiformis(Born) (do Chile); 11) Sgapatella calyptraeformis(Lam.) (daNova
Zelandia, previamente Calyptraea); b) Familia Hipponicidae, 12) Hipponix costellatus Carpenter (previamente H. grayanus); 13) H.
subrufus (Lam.); 14) H. incurvus (Gmelin) (previamente Capulusincurvatus) (estes 3 do NE Brasil); 15) H. grayanus Menke (do México
eEquador); 16) H. leptusn. sp. (N.E. Brasil); 17) Sabia conica (Schumacher); 18) Malluviumdevotus (Hedley) (ambosdaAustrédlia); 19)
Cheilea equestris(L.) (N.E. Brasil); c) Familia Capulidae, 20) Capulus sycophanta Garrard (Austrdlia); d) Familia Trichotropidae, 21)
Trichotropis cancellata Hinds (W. USA); 22) T. borealis Broderip & Sowerby (N. Atlantico); 23) T. sp. (Alaska); €) FamiliaVanikoridae,
24) Vanikoro sp. (Austrdia). Umaandlisefilogenéticafundamentadaem 112 caracteres (177 estados) é realizada, baseadanamorfologia
detodosos 6rgdos e sistemas. A Unicaérvore obtidaéaseguinte: ((Trichotropiscancellata—T. borealis) (Capulus sycophanta (Vanikoro
5P ((Cheilea equestris (Sabia conica (Malluvium devotus ((Hipponix grayanus—H. leptus) (H. incurvus (H. costellatus—H. subrufus))))))
(Sgapatella calyptraeformis (Trochita trochiformis (Calyptraea centralis ((Crucibulum auricula — Cr. quiriquinae) (Bostrycapulus
aculeatus (Crepidula argentina (C. convexa (C. fornicata (C. aff. plana—C. protea)))))))))))))- Passos. 267, IC: 67, |R: 88. como grupos
externos sd0 usados representantes de outras superfamilias de Caenogastropoda, assim como de outros grupos de arqueogastropodes.
Como resultados principais destacam-se a monofilia de Calyptraeoi dea, suportada por 27 sinapomorfias se 0s grupos externos forem os
Caenogastropoda basais (Cerithioidea, Hydrobioidea) e 21 sinapomorfias com Stromboidea e Cypraeoidea como grupos externos.
Calyptraeoideainclui sucessivamente ao longo da arvore as seguintes familias monofiléticas: Trichotropidae, Capulidae, Vanikoridae,
Hipponicidae e Calyptraeidae. A afinidade com Hipponicidae de Cheilea é confirmada, dentre al guns probl emas taxondmicos encontrados
nos representantes amostrados (como mencionados acima), foram parcia mente resolvidos.

Palavras-chave: Caenogastropoda Calyptraeoidea filogenia morfol ogia analise cladistica Hipponicoidea Capul oi dea.
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INTRODUCTION

The Calyptraeoidea (= Crepiduloidea) and the
Hipponicoidea are very modified caenogastropods. They
tend to modify their shells to a dorso-ventrally flattened,
limpet or limpet-like morphology. They also tend to an al-
most sessile habit and to protandric hermaphroditism. The
filter-feeding habit of the Calyptraeidag, in particular, has
been the subject of some detailed studies of the movement
of water and particlesin the pallial cavity currents (Orton,
1912; Werner, 1953). Anatomical studies, however, arerela-
tively scant intheliterature (Kleinsteuber, 1913; Heath, 1916;
Moritz, 1938, 1939; Ishiki, 1939; Coe, 1942; Werner & Grell,
1950; Werner, 1951, 1955), asare studies of the rel ationships
within both superfamilies. The Capulidae, moreover, have
enjoyed littletaxonomical stability, and they have been con-
sidered to bein the Calyptraeoidea(Younge, 1962; Vaught,
1989), the Hipponicoidea (Abbott, 1974), aswell asin the
Capuloidea(Banddl & Riedel, 1994).

As part of alarger project on phylogenetic relation-
ship of the order Caenogastropoda, at the superfamily level,
three features of each superfamily has been examined: 1)
their monophyly; 2) the separation from the other taxa; and
3) the ground plan. These three features can only be exam-
ined using phylogenetic analysis. Species representing the
Superfamily Calyptraeoidea and Hipponicoidea were se-
lected for detailed morphological study to form the base of
acomparative cladistic analysis.

A previous phylogeny of the Calyptraeoideahad been
presented by Bandel & Riedel (1994). Although the authors
applied no orthodox methodology, 2 interesting trees were
obtained by theintuitive method. Inthefirst tree (fig. 5), the
authors united in asingle branch the Calyptraeidae and the
Hipponicidae as Calyptraeoidea, supported by 2
synapomorphies: 1) teleoconch limpet-shaped and 2) breed-
ing stalked egg capsules. In the second tree (fig. 6), of the
Neomesogastropoda Bandel, 1991, the Calyptraeoidea ap-
peared in a branch with the Capul oidea (grouping, accord-
ing to authors, Capulidae plus Trichotropidae, on the basis
of ashared echinospiralarva). The branch Calyptraeoidea-
Capuloideais supported by the synapomorphy: facultative
filter-feeding.

Hoagland (1977: 408-411, fig. 28) also gave aphylo-
genetic scenario for the group (except vanikorids and
hipponicids). She stated that the family arose from a
protandrous mesogastropod ancestor, with a gill modified
for. Thefirst branch led to the trichotropids in cold waters.
The remainder is united by a shell flattened for sedentary
lifeand lack of operculum. The basal taxoninthisgroupis
represented by Trochita, with a limpet-like foot and large

shell aperture. From thistaxon arose the capulid stock with
high patelliform shell plus modification for proboscisfeed-
ing, and the remaining calyptraeids, sharing the increased
whorl expansion rate. The so-called calyptraeid stock, with
apatelliform shell that retains someremainsof spiral coiling,
is represented by Calyptraea, which has the septum modi-
fiedinto acurved plate. From thistaxon, abranch marked by
further modified shell and mantle growth gave risen to 2
branches: 1) Crucibulum, possessing curved septal plate
fused into a cup and secondary external radial symmetry
and 2) early Crepidula stock which were characterized by
having an unwound columellawith muscle still attached to
it, asymmetric growth, and aflattened septum.

A new phylogenetic analysis is performed here, us-
ing an orthodox methodology to analyse halistic morphol-
ogy of organs and structures never analyzed before.

MATERIAL AND METHODS

Specimens examined for this study either belong to
institutional collectionsor were collected especially for this
study. The specimens were dissected using standard tech-
niques, under a stereo-microscope, with the specimensim-
merse in water. Some organs such as the oviduct and fo-
regut were processed using standard histological technique
for seria sections of 5 pum with Mallory stain. Hard struc-
tures, such as shells, radulae and jawswere examined using
SEM in the “Laboratério de Microscopia Eletrénica do
Instituto de Biociéncias da Universidade de S&o Paulo” and
inthe MZSP. Some specimenswere collected and examined
alive in the laboratories of CEBIMar (Centro de Biologia
Marinha, Universidade de Sdo Paulo). The descriptive part
of this paper provides a complete description of the first
species. The remaining species are described in compari-
son to the first species and most of the similar features are
omitted. This measure is adopted to decrease the length of
this contribution, and for highlighting theinformative char-
acters. The same approach is adopted in the figures. A de-
tailed list of specimens examined follows each species de-
scription.

The section of comparative morphology isorganized
as a phylogenetic analysis. The account of each character
begins with an abbreviated descriptive sentence followed
by plesiomorphic and derived conditions(s) and the Cl and
RI (consistency and retention indices, respectively) values
for the character under the most parsimonious hypothesis.
Following the apomorphic state(s), a list of terminal taxa
with the apomorphic condition is presented. Hundreds of
characters were examined but those that resulted
autapomorphic, highly variable, or overlapping, were not
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Figures 1-4, shells: 1, Bostrycapulus acul eatus, dorsal view of a spiny specimen; 2, same, ventral view; 3, same,
specimen with weak spines; 4, Crepidula aff plana, dorsal view. Scales =30 mm.

http://www.biotaneotropica.org.br


http://www.biotaneotropica.org.br

Luiz Ricardo L. Simone - Biota Neotropica, v2 (n2) - BN01602022002 S

Figures 5-9, shells: 5-6, Crepidula protea, dorsal and ventral views; 7, Crepidula aff plana, ventral view; 8-9,
Crepidula convexa, dorsal and ventral views. Scales= 3 mm.
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Figures 10-16, shells: 10-11, Crepidula fornicata, dorsal and ventral views, scale = 3 mm; 12-13, Calyptraea centralis,
SEM, ventral and dorsal views, scales 1 and 0.5 mm respectively; 14, same, detail of apex, scale= 0.1 mm; 15-16,
Crucibulumauricula, ventral and dorsal views, scale =3 mm.

—
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Figures 17-23, shells: 17, Crucibu um auricula, ventral view; 18-19, Crucibulum quiriguinae, ventral and dorsal
views; 20-21, Trochita trochiformis, dorsal and ventral views; 22-23, Sgapatella calyptraeformis, ventral and dorsal
views. Scales=5mm.
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Figures 24-29, shellsin SEM: 24-25, Hipponix subrufus, dorsal and ventral views, scales= 1 mm; 26, same, frontal and
dorsal view of 2 young specimens extracted from capsules, scale = 0.2 mm; 27, Hipponix incurvus, ventral view, scale
=1 mm; 28, same, detail of apex, scale=0.5mm; 29, same, dorsal view, scale=0.5mm.
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Figures 30-38, shells: 30, Hipponix grayanus, SEM, dorsal view; 31-32, same, SEM, dorsal and frontal views of young
specimens extracted from capsules, spire of specimen of fig 32 partially broken, with part of dry soft parts and
operculum shown; 33-34, Hipponix leptus, holotype, dorsal and ventral views; 35, same species, ain situ colony of 6
specimens; 36-38, Sabia conica, lateral-left, ventral and dorsal views, fig 37 with specimen still in shell. Scales=5
mm, except 31-32 = 30um.
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Figures 39-48, shells: 39-41, Malluvium devotus, ventral, dorsal and lateral-right views; 42-43, Cheilea equestris,
dorsal and ventral views; 44-45, Trichotropis cancellata, frontal and dorsal views; 46-47, Trichotropis borealis,
frontal and dorsal views; 48, Trichotropissp., dorsal view. Scales=5 mm, except 48 =2 mm.
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Figures49-53, shells: 49-50, Hipponix costellatus, holotype, SEM, lateral-right and dorsal views, scale= 0.5 mm; 51-53,
Vanikoro sp., frontal, dorsal and profile views, scales=5 mm.
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Figures 54-59, Radulaein SEM: 54, Bostrycapul us acul eatus, scale = 100um; 55, Hipponix costellatus, scale = 50um;
56-57, Calyptraea centralis, scale = 20um; 58-59, Crucibulumauricula, scale = 100 and 50um respectively.
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Figures 60-70, Radulaein SEM: 60-62, Crepidula aff plana, scales= 50, 20 and 50um respectively; 63-64, Crepidula
protea, scales=50um; 65, Crepidula argentina, scale = 60um; 66-67, Crepidula convexa, scales = 20um; 68-68,
Crucibulumquiriquinae, scales=100um; 70, Hipponix subrufus, scale = 20um.
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Figures 71-79, Radulaein SEM: 71, Crepidul a fornicata, scale = 40um; 72-73, Trochita trochiformis, scales = 200um;
74-75, Sgapatella calyptraeformis, scales = 50um; 76, Hipponix grayanus, scale = 50um; 77, Hipponix subrufus,
scale = 20um; 78-79, Hipponix incurvus, scales = 20 and 10um respectively.
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Figures 80-88, Radulaein SEM: 80-82, Hipponix leptus, scales = 20um; 83-84, Sabia conica, scales= 100 and 50um
respectively; 85-86, Malluvium devotus, scales = 100 and 50um respectively; 87-88, Cheilea equestris, scales =
50um.
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Figures89-97, Radulaein SEM: 89, Cheilea equestris, scale = 50um; 90-91, Capul us sycophanta, scales = 50um; 92,
Trichotropis cancellata, scale = 100um; 93, Trichotropis borealis, scale = 50um; 94, Trichotropis sp., scale = 50um;
95-97, Vanikoro sp., scales= 100, 100 and 50um respectively.
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included inthe cladistic analysis. Theremaining characters
wereorganized in states, coded, polarized by outgroup com-
parison, and a cladistic analysis was performed.

The other Caenogastropoda aready studied in this
project were selected as outgroups. They are mainly the
following: Cerithioidea (Simone, 2001); Littorinoidea -
Hydrobioidea(Simone & Moracchioli, 1994; Simone 1995c,
1998); Stromboidea(Simone, in press); Cypraeocidea(Simone,
submitted); Tonnoidea (Simone, 1995a); Muricoidea
(Simone, 1995b on Thala crassa; Simone, 1996a on
Buccinanops spp); Conoidea (Simone, 1999, on Terebridag).
As more distant outgroups, some archaeogastropods were
also analyzed (e.g., Simone, 1996b; 1997). Inthediscussion,
some specific outgroup taxa are mentioned, based on my
own observations or on data from the literature. In the ma-
trix of characters (Fig. 436) only 2 taxaare shown, theground
plan of the Stromboideaand Cypraeoidea (Simone, in press
and submitted, respectively). The ground plan of these su-
perfamilieswere chosen as being more representative, how-
ever, the final result is the same if the ground plan was
substituted by anyone of the 49 (terminal) species present
in those papers. Two analyses were performed, 1) with the
ground plan of the Cerithioidea (Simone, 2001) and apool of
hydrobioidean and archaeogastropod characters as
outgroups, which represents an “all zero” row in the data
matrix (omitted); and 2) including the ground plan of the
Stromboidea and Cypraeoidea operationally as part of the
ingroup. Thetopology of theingroup cladogramisthe same
in both analyzes. The distribution of synapomorphies and
differences of theindices of both analyses are shown inthe
Fig. 438. Each character, state, and polarizationisjustifiedin
the discussion section and, if necessary, aconcise explana-
tion is presented.

The discussion of each character is also based on
the phylogenetic tree that was obtained (Figs. 437, 438).
Although the matrix of characters (Fig. 436) and the subse-
quent tree (Figs. 437, 438) are shown only in the section
following.

The synapomorphies of the ingroup, (superfamily
autapomorphies) are preserved in the present paper, be-
causethey are the main concern asreferred in theintroduc-
tion. The ingroup autapomorphies are the basis to better
establish astill imprecisely defined taxon. They confirm the
internal position of some possible “outgroups’ such as
hipponicoideans and capuloideans. They can be used in
the on-going phylogenetic study of the entire order
Caenogastropoda as the ground plan of the superfamily
(see, additionally, Yeates, 1992 and Pinna, 1996).

Some multistate charactersare analyzed herewith an
additive (ordered) approach. In each case, the additive con-
cept is justified in the discussion and is always based on
the ontogeny or on the fact that each state is a clear modifi-
cation of the preceding one. Additionally, each additive
multistate character was al so analyzed as non-additive, and
any change in the result and/or indices are also reported.

The cladistic analysis was performed with the aid of
the computer program “Tree Gardner 2.2" (Ramos, 1997),
whichworksasaninterface of Hennig86 (Farris, 1988). The
algorithm “ie” was used (which search for all trees). The
computer program PAUP was also used, mainly to obtain
bootstrap support values for each node. Both programs
presented the same result.

Abbreviations: aa, anterior aorta; ab, auricleregion
beyond ventricle connection; ac, anterior extremity of gill
onmantleborder; ad, adrectal sinus; af, afferent gill vessel;
ag, albumen gland; an, anus; au, auricle; bb, bulged part of
br; bec, bursa copulatrix; bg, buccal ganglion; bm, buccal
mass; bs, blood sinus; bv, mantle blood vessel inserting in
kidney; cb, glandular concavity where capsules attach; cg,
capsule gland; cm, columellar muscle; cp, capsules; cr,
crossing muscles; cv, ctenidial vein; da, aperture of duct to
digestivegland; dc, dorsal chamber of buccal mass; dd, duct
todigestive gland; df, dorsal fold of buccal mass; dg, diges-
tive gland; dm, dorsal shell muscle; dp, posterior duct to
digestive gland; ea, esophageal aperture; en, endostyle; ep,
esophageal pouch; es, esophagus; ey, eye; fd, foot dorsal
surface; fg, food groove; fl, female papilla; fm, foot retrac-
tor muscle; fp, female pore; fs, foot (mesopodium) sole; ft,
foot; ga, parietal ganglion; gc, cerebral ganglion; gd, gono-
pericardial duct; ge, supra-esophageal ganglion; gf, gastric
fold; gi, gill; gp, pedal ganglion; gr, gill thicker apical region
of filament rod; gs, gastric shield; hg, hypobranchial gland,;
hm, head muscle; ig, ingesting gland; in, intestine; ir, inser-
tionof m4in“br”;is, insertion of m5inradular sac; iu, “U” -
shaped loop of intestine on pallial roof; jw, jaw; kc, kidney
chamber; kd, dorsal lobe of kidney; ki, kidney; km, mem-
brane between kidney and pallial cavity; kv, ventral lobe of
kidney attached to intestine; |1, |eft lateral expansion (flap)
of neck; Im, lateral shell muscle; m1 to m14, odontophore
muscles; ma, accessory pair of musclesof jaws; mb, mantle
border; mc, circular muscle (sphincter) of mouth; mj, muscles
of jawsand mouth; ml, mantleregionrestricting pallial cav-
ity; mo, mouth; mr, mantlereinforcement; ne, nephrostome;
ng, nephridial gland; nr, nerve ring; ns, neck ventral sur-
face; oc, odontophore cartilage; od, odontophore; om,
odontophore superficial ventral membrane; op, operculum;
os, osphradium; ov, pallial oviduct; oy, ovary; pc, pericar-

http://www.bi otaneotropica.org.br


http://www.biotaneotropica.org.br

Luiz Ricardo L. Simone - Biota Neotropica, v2 (n2) - BN01602022002 18

dium; pd, penis sperm groove; pe, penis; pf, fold of pedal
(mesopodium) sole; pg, pedal gland anterior furrow; pi,
periostracum; pp, penis papilla; pr, propodium; pt, pallial
sperm groove; pv, palial cavity; ra, radula; rl, right lateral
expansion (flap) of neck; rm, retractor muscle of snout; rn,
radular nucleus; r s, radular sac; rt, rectum; sa, sdlivary gland
aperture; sc, subradular cartilage; sd, salivary gland duct;
se, shell septum or ventral plate; sf, satellite fold of
osphradium; sg, salivary gland; sh, ventral surface of shell;
si, siphon; sm, shell muscle; sn, snout-proboscis; sp, aper-
ture of vas deferens into pallial cavity, sr, seminal recep-
tacle; ss, style sac; st, stomach; su, septum between esopha-
gus and odontophore; sv, seminal vesicle; sy, statocyst; te,
cephalic tentacle; tg, integument; tm, net of transversa
muscles of haemocoel; tn, tentacle nerve; to, tissue cover-
ing muddleregion of radulabeforeitsin use part; ts, testis,
up, union between both m5; vc, visceral connection with
haemocoel; vd, vasdeferens; ve, ventricle; vg, vagina duct;
vm, visceral mass; vo, viscera oviduct; vs, seminal recep-
tacles.

Institutional abbreviations: AMNH, American Mu-
seum of Natural History, New York; AMS, Australian Mu-
seum, Sydney; ANSP, Academy of Natural Sciencesof Phila-
delphia; BMNH, The Natural History Museum, London;
IOUSP, Instituto Oceanografico da Universidade de Sao
Paulo; LACM, Natural History Museum of Los Angeles
County, California, USA; MORG, Museu Oceanogréfico da
Fundac&o Universidade de Rio Grande; MZSP, Museu de
Zoologia da Universidade de S&o Paulo, Brazil; RMM,
Redpath Museum, McGill University, Montreal, Canada;
SMNH, Swedish Museum of Natural History; USNM, Na-
tional Museum of Natural History, Smithsonian Institution,
Washington D.C.

Beyond the specimens of the species studied herein,
some specimens of other species were also studied, how-
ever the material was not good enough for a detailed de-
scription. Though, these observations are sometimes in-
cluded in the descriptions. The material of additional spe-
ciesisthefollowing. Capulusungaricus(Linné, 1767): USA,
New Jersey, 39°14' 42" N 72°47 18" W, USNM 829771, 1 speci-
men. Hipponix pilosus and H. panamensis: MEXICO;
Jalisco, Bahia Bandeiras, Las Tres Marietas, 20°42'N
105°35'W, LACM 65-14.27 (part), 5 shells of each. H. cf.
pilosus: nolocality, RMM 5881, 3 shells. Somedataextracted
from Malacol og website was al so used (Rosenberg, 1996),
mainly on depth and distribution of the Western Atlantic
species. Most of the data on Australian species (including
synonymy and environmental data) may be credited to Pe-
ter Middelfart and Winston Ponder at AMS.

SYSTEMATICS
Family Calyptraeidae

Genus Bostrycapulus Olsson & Harbison, 1953
(Type species Patella aculeata Gmelin)

Bostrycapulus aculeatus (Gmelin, 1791)
(Figs. 1-3,54,98-118)
Synonymy in Hoagland (1977: 364). Complement:
Crepidula aculeata: Morris, 1952: 100 (pl. 128); Abbott,
1954: 171 (pl. 21q); Warmke & Abbott, 1961: 86-87 (pl. 15,
fig.i); Fretter & Graham, 1962: 376; Rios, 1970: 55; Keen,
1971: 458 (fig. 808); Rios, 1975: 64 (pl. 17, fig. 258);
Hoagland, 1983b: 2, 6, 7; Hoagland, 1984: 607-621 (mo-
lecular); Rios, 1985: 59 (pl.21, fig. 266); Calvo, 1987: 97
(fig. 54); Jong & Coomans, 1988: 62; Poppe & Goto, 1991:
115; Rios, 1994: 71 (pl. 24, fig. 271); Merlano & Hegedus,
1994: 161 (pl. 50, fig. 587); Abbott & Morris, 1995: 180 (pl.
49).
Crepidula (Bostrycapulus) aculeata: Olsson & Harbison,
1953: 280; Oliveiraetd., 1981: 112.

Description.

Shell (Figs. 1-3). Characteristic shell with dorsal sur-
face covered by projected, scale-like spines; however spines
presence, distribution and density very variable. Septum as
seeninfig. 2. Other detailsin Hoagland (1977: 365).

Head-foot (Figs. 98, 101, 106, 107). Head outstanding,
preceded by long (about same length as foot), dorso-ven-
trally flattened, neck-likeregion (Figs. 98, 101). Snout-pro-
boscisdightly short and cylindrical, with capacity of retrac-
tion and partial invagination of about half of this length
within haemocoelic cavity (Figs. 106-108). Tentacleslong,
stubby, with basal half clearly broader than distal half. Eyes
dark, located on small ommatophores half-way along
tentacle’slateral margin, just where they narrow. Neck-like
region with pair of lateral, flattened lappets (nuchal [obes);
|eft expansion narrower than right expansion; right expan-
sion bringslow food groove along itsdorsal limit with head;
sperm groove of males (described bel ow) run externally along
food groove (Fig. 101). Ventral surface of neck-like region
forming additional, anterior sole, which also contacts sub-
strate (Fig. 98). Foot very ample (occupies about %2 of shell
ventral surface), dorso-ventrally greatly flattened; shell sep-
tum asdorsal foot limit. Mantle fuseswith dorsal surface of
foot and protrudes beyond its borders. Furrow of pedal
glands transversal, in anterior margin of foot; this anterior
margin of foot coversventrally posterior region of neck ven-
tral surface (Fig. 98). Columellar muscle reduced, contours
anterior border of shell septum, more concentrated at right
(Fig. 101); inthisright region keeps small scar in shell (Fig.
2). Inner haemocoel cavity narrow, running approximately in
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Figures 98-101, Bostrycapul us aculeatus anatomy: 98, wholefemale, ventral view; 99, femal e extracted from shell,
dorsal view; 100, pallial cavity and visceral mass, ventral view, anterior-ventral region of visceral mass deflected for
exposure of whole pallia cavity; 101, head-foot, female, dorsal view, visceral massand pallial organs extracted. Scales
=2mm.
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Figures 102-105, Bostrycapulus acul eatus anatomy: 102, pallial cavity roof, transversal sectioninitsmiddle portion,
just parallel to rectum; 103, pericardium, ventral view, ventral pericardium wall removed to show inner structures; 104,
pallial cavity, detail just in right region of osphradium; 105, kidney and adjacent structures, ventral renal wall part
removed and part deflected to right with inner surface exposed. Scales= 1 mm.
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Figures 106-110, Bostrycapul us acul eatus anatomy: 106, head and haemocoel, ventral view, foot and neck ventral
surface removed; 107, same, snout opened ventrally with its walls deflected, ventral portion of salivary glands and
net of transversal muscles extracted for exposure of esophagus; 108, foregut, ventral view, buccal mass and anterior
esophagus opened longitudinally; 109, dorsal wall of buccal mass, ventral view, odontophore and septum between it
and esophagus removed; 110; odontophore, dorsal view. Scales=1 mm.
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Figures 111-115, Bostrycapul us acul eatus anatomy: 111, odontophore, lateral-left view; 112, same, ventral view, most
of muscles deflected laterally; 113, same, right muscles (left infig.) deflected to exposure of dorsal structures, radular
sac and cartilage in lateral view; 114, digestive tubes, ventral view, seen if al other structure were transparent, part of

adjacent pallial cavity roof also shown; 115, stomach, ventral view, inner surface exposed by a middle longitudinal
incision. Scales=1 mm.
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Figures 116-118, Bostrycapulus acul eatus anatomy: 116, pallial oviduct, ventral view; 117, penis and adjacent
structures of head-foot, ventral view; 118, head-foot, anterior region of male, dorsal view, visceral massand pallia
organsremoved. Scales= 1 mm.
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center of neck region. Inner space almost al filled by sali-
vary glands (described below) and great quantity of trans-
versal, very slender muscular fibers; these fibers connect
ventral surface of dorsal haemocoel wall with dorsal surface
of itsventral wall, inclusive through salivary glands (Figs.
106, 107). No vestiges of operculum even in very young
specimens.

Mantleorgans(Figs. 99, 100, 102, 104). Mantle border
very thick, slight hollow due to calibrous collar sinus (Fig.
102). Mantle border surrounds entire shell ventral margin,
freein anterior half and attached to foot bordersin posterior
half. Mantle border without appendages, but entirely edged
by series of minute repugnatorial glands; these glands are
elliptical informwith asmall duct turned externally; side by
sidewith each other, sub-terminally in mantle edge (seefig.
164 of C. fornicata). Mantle border with special arrange-
ment of foldsinmiddleregion of pallia cavity aperture, broad
furrow beginning in gill anterior extremity, runstowards | eft
and finishes about in right third part of osphradium level
(Fig. 104). Dorsal shell musclewell developed (Fig. 99: dm),
originsmall, in about middle-right region of shell, just ante-
rior to septum; fibers run anteriorly, fan-like, insertion in
adjacent anterior region of dorsal surface of pallial cavity.
Lateral shell muscle(Figs. 99, 100: Im) small, fan-like, located
closeto mantle border right side, just in region where pallial
cavity penetrates shell septum chamber. Pallial cavity aper-
ture occupies about 2/3 of anterior half of shell border turned
toright (if shell compared with aclock, in dorsal view and
with head occupying 12 hour, pallial aperture begins at 10
andfinishesat 30’ clock) (Fig. 98). Pallid cavity deep, broad,
triangular, arched and dorso-ventrally flattened. Anterior
extremity of pallial cavity dightly larger than its aperture
because of closure at |eft and right extremities produced by
fusion of mantle and foot. Gradually, pallia cavity narrows
towards posterior, penetrating at left of visceral mass (de-
scribed below); cavity length about 2/3 of total length of
animal (Figs. 99, 100). Osphradium long, bipectinate, located
between anterior half of gill and mantle border, occupying
about middle region of pallial aperture somewhat perpen-
dicular to longitudinal axisof animal body (Figs. 100, 104).
Osphradium length little more than 1/3 of pallial aperture
length, lightly flattened dorso-ventrally, attached to mantle
separated from gill structures. Osphradium |eaflets rounded,
somewhat thick, right (posterior) leaflets longer than left
(anterior) leaflets; right leaflets cover partially adjacent re-
gion of ctenidial vein (Fig. 104). Osphradium ganglion broad.
Gill very large, its base somewhat narrow, edging anterior
and left margin of pallia cavity most itsentirelength; ante-
rior gill extremity in right-anterior region of pallia cavity ap-
erture, near toitsright limit, on thick mantle border; gill pos-
terior extremity in posterior end of pallia cavity (Fig. 100).
Gill filamentstriangular at their base, with very long, almost
straight, stiff rod turned to right (Fig. 102); rodsextend about
twicelength of their triangular, membranous base; theserods
beginin ctenidial vein region, in left margin of cavity roof

and touch food groove of head-foot in right margin of cav-
ity floor; rod apex rounded and preceded by thicker region.
Gill filaments connected to each other with cilia, mainly of
their thicker apical region, maintained in somewhat firm po-
sition. Gill filamentslonger in central gill region, shortening
gradualy in both extremities; gill anterior extremity, with short
filaments, suddenly turns forwards, located on mantle bor-
der (Fig. 100). Ctenidial vein calibrous, with uniform width
aongitslength. Endostyle well-devel oped (Figs. 100, 102:
en), yellowish, somewhat narrow glandular ridgelocated in
middlelevel of ventral surface of ctenidial veinall alongits
length. Hypobranchial gland whitish, slightly developed,
with oblique superficial furrows; occupies surface between
gill and visceral mass. About 1/3 of visceral massencroaches
inpallial cavity roof (Figs. 99, 100), occupying about 1/3 of
this areain posterior-right region; pericardium and kidney
posteriorly; along intestinal loop, anus and pallial oviduct
anteriorly (described below).

Visceral mass(Figs. 99, 100) A dorso-ventrally flat-
tened cone introduced in shell chamber produced by sep-
tum (Fig. 2); thisthin calcareous septum separates visceral
mass from dorsal surface of foot. Left and anterior region of
visceral mass region occupied by pallial cavity. Remaining
regions of visceral mass with stomach as central structure,
immediately surrounded by digestive gland (except in some
ventral and dorsal areas). Gonad surrounds digestive gland
externally. All structuresdescribed with more details bel ow.
Visceral massstill encroachesright-posterior region of pal-
lial cavity roof as described above, and possesses another
ventral flapin pallial cavity floor. Anterior extremity of vis-
ceral mass ventral flap just in shell septum anterior border,
covering columellar muscle (Fig. 100).

Circulatory and excretory systems(Figs. 99, 103, 105).
Pericardium very long, somewhat perpendicular to longitu-
dinal axis of animal (Fig. 99); begins very narrow, just in
posterior extremity of gill, in posterior-left end of pallial cav-
ity; runs edging anterior margin of visceral mass part en-
croached in pallial roof, gradually enlarges; finishesin about
middlelevel of thisregion of visceral mass, near to median
line. Pericardium limits: 1) anterior and ventral thepallial cav-
ity; 2) posterior the visceral mass (gonad generally); 3) dor-
sal the mantle and 4) right the kidney. Auricle thin walled
and very long, runsall along pericardium length attached to
its anterior and dorsal inner surfaces (Fig. 103); connects
with ventricle approximately between its middle and right
third parts; auricle has, then, broad portion beyond ven-
tricle connection asblind sac (Fig. 103: ab). Ventricledlipti-
cal, very muscular; its connection with auriclelocated about
in middle region of its anterior surface; origin of aortasin
opposite side. Anterior aorta broader and running towards
opposite side than posterior aorta. Anterior aorta runs to-
wardsright, edging posterior inner pericardium surface; af-
terwards penetrates head haemocoel . Kidney well developed,
occupying about half area of visceral mass within pallial
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cavity (Figs. 99-100). Kidney limits: 1) dorsal mantle; 2) ven-
tral and lateral-left pallial cavity; 3) posterior-right visceral
mass (gonad generally); 4) posterior-left pericardium; 5) an-
terior intestinal loop; 6) lateral-right intestine and oviduct
(when present). Kidney mostly hollow, with pair of very ir-
regular lobes (Fig. 105). Ventral lobe with about four trans-
verse folds attached to right half of posterior renal wall.
Dorsal lobelarger, occupying most of dorsal and lateral sur-
faces; bearsseveral irregular, anastomozed folds; thesefolds
in general towards adjacent intestinal loop, where there are
severa transversal folds; part also covers ventral surface
around nephrostome. Nephridial gland in renal limit with
pericardium, presents series of transversal, narrow folds
connected with dorsal renal lobe (Fig. 105: ng). Nephros-
tomeavery small ditinleft region of ventral wall (Fig. 100).

Digestive system (Figs. 106-114). Snout-proboscis
short and broad, with partial capacity of retraction inside
haemocoel insmall rhynchocoel (Figs. 106-108). Pair of nar-
row ventral proboscis retractor muscle immerse in probos-
ciswall. Mouth longitudinal, in center of anterior proboscis
surface. Buccal massvery large, occupying most of probos-
cisinner space. Buccal mass with total protraction and in-
vagination capacity. Jaw platesindorsal wall of buccal mass,
thin, broad laterally, short longitudinally (Fig. 109). Pair of
dorsal folds broad and tall, begin posterior to jaws; dorsal
chamber between both folds slight deep. Odontophore some-
what large, most of buccal mass volume. Odontophore
muscles (Figs. 110-113): m1) jugal muscles, several very
narrow muscles connecting buccal mass with adjacent wall
of snout, more concentrated anteriorly around mouth; m1a)
pair of dorsal protractor muscles, narrow, thin and superfi-
cial, originin anterior-dorsal region of mouth, closeto me-
dian line, insertion in posterior-dorsal-lateral region of
odontophore; m2) pair of retractor muscle of buccal mass
(retractor of pharynx), broad, originin lateral-ventral region
of haemocoel just posterior to snout, run towards anterior,
insertion in lateral-posterior-dorsal region of odontophore
cartilages; m2a) pair of dorsal tensor musclesof radula, con-
tinuation of m2 after insertion in cartilages, run towards an-
terior, insertionin subradular cartilagein middleregion of its
dorsal inner surface; mt) dorsal transversal muscle or ven-
tral approximator muscle of cartilages, connectsdorsally both
posterior-dorsal-lateral surfaces of cartilages, lies between
superficial membrane which covers odontophore and tissue
on middle region of radula (to); m4) pair of median dorsal
tensor muscle of radula, very large and thick, originin ven-
tral-middle-posterior region of odontophore cartilages, run
towardsmedial, contoursmedial -ventral surfaceof cartilages,
run ontheir dorsal surface, insertion in subradular cartilage
dorsal-posterior-media extremities; m5) pair of median radu-
lar tensor muscle, thick, origin in median-posterior-dorsal
region of odontophore cartilages, just by side of m2 inser-
tion and m2a origin, cover perpendicularly m4 middle re-
gion, run towardsmedial, insertion along radular sac on both
sides (each m5 branch coversaside of radular sac, medially

and dorsally); m6) horizontal muscle, very thin, unitesante-
rior half of odontophore cartilages, inserting on their dorsal
margin; m7) pair of ventral tensor muscle of radula, thinand
narrow, origin in haemocoel ventral inner surface in level
just posterior to buccal mass, close to median line, run to-
wards anterior penetrating in membrane which coversven-
tral surface of odontophore, gradually increaselikethinfan,
insertionin median level of subradular cartilage ventral sur-
face (notinitsborder); m7a) secondary medial branch of m5
inserted just in radula ventral border; m8) pair of strong
muscles origin in posterior-dorsal-lateral region of
odontophore cartilages just by side of insertion of m2, run
attached to dorsal margin of odontophore cartilages, insert
intheir anterior-dorsal region closeto horizontal muscle (me6);
m9) pair of dorsal-medial tensor muscle of radula, broad and
thin, origin along dorsal-median surface of radular sac (inits
region internal to odontophore), cross to dorsal surface,
insert in dorsal-ventral border of subradular cartilage; mj)
jawsand peribuccal muscles, somewhat thick, surround | at-
eral and dorsal wall of buccal mass, origin around mouth,
insertion in middle level of lateral and dorsal wall of
odontophore; m11) small impair muscle, origin in middlie-
ventral region of mouth, runs towards posterior in median
line, insertion ventral inradula(withinradular sac) likefanin
region anterior to radular nucleus; m14) pair broad and thin,
origin in posterior-dorsal region of odontophore, close to
m2 and m5 origins, runstowards ventral and anterior, inser-
tion in snout inner ventral surface in about middle level of
odontophore; to) tissue covering middle region of radula
within odontophore, initsdorsal surface. Radulashort, little
more than odontophore length.

Radula(Fig. 54): rachidian tooth tall, narrow, central
cusp large and sharp pointed , secondary cusps vary from
two to three pairs decreasing towardslateral, no basal cusps
but pair of lateral reinforcementsonitsborders; lateral tooth
broad, curved internally, with about eight triangular inner
cusps, second cusp larger, apical, turned towards median,
cusps decrease towards lateral, disappear about in middle
region of tooth, remainder a slight thick border; mar ginal
teeth long, curved, tall, pointed tip, about six cuspsin their
inner-apical margin; inner marginal tooth with about double
width than outer marginal tooth. Pair of buccal ganglion
large, closeto each other near median line (Fig. 112), located
between buccal mass and adjacent esophagus. Salivary
glands very large, branched, occupy most of inner space of
haemocoel, clustering around esophagus (Figs. 106-108).
Several narrow transversal muscles unite internally dorsal
and ventral surfaces of haemocoel, passing through sali-
vary glands (tm). Salivary glands posterior limit close to
visceral mass; neither pass through nerve ring. Ducts of
salivary glands broad, runin dorsal surface of buccal mass,
penetrate in adjacent buccal mass wall in very short dis-
tance, apertures small in anterior region of dorsal folds of
buccal mass(Figs. 108, 109).
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Esophagus (Figs. 107-109) narrow and long; anterior
esophagus inner surface with pair of broad folds. Middle
esophagus with pair of narrow folds (continuation from
those of anterior esophagus) and slight broad glandular
chamber. Posterior esophagus inner surface with only 4-5
longitudinal, narrow, similar sized folds. Stomach (Figs. 114,
115) slight conical, large, occupying about half of visceral
mass size; esophagus inserts in left side of its posterior
region, closeto shell apex. Duct to digestive gland about in
middle region of stomach ventral surface; highly branched.
Stomach gradually narrowing towards anterior and | eft, ar-
riving closeto left-posterior extremity of pallial cavity. Stom-
achinner surface (Fig. 115) with pair of broad (laterally) and
short (longitudinally) folds, both posterior to esophagus
insertion and disposed dlightly orthogonal to each other.
Among a fold, esophagus insertion and digestive gland
aperture a series of very narrow, transversal folds marking
somewhat elliptical gastric shield. Anterior half of stomach
with pair of dlight tall, longitudinal folds; anterior region
between both folds smaller than anterior region; former re-
gion as intestinal branch of stomach; broader (posterior)
region as style sac, but without preserved crystalline style.
Digestive gland pale brown in color, surrounds stomach ex-
cept some areas in dorsal and ventral surfaces.

Intestine narrow and sinuous (Figs. 99, 100, 114); runs
inanterior border of visceral massfrom left toright, initially
in its ventral region. Near median line it crosses to dorsa
region and runs up to right-anterior extremity of visceral
mass (Fig. 114). In thisregion it runs towards left and be-
comes broader, surrounds right and anterior border of kid-
ney, suddenly runs towards right and runs parallel to pre-
ceding loop. Anus small, siphoned, located in right region
of pallial cavity closeto mantle border. Intestinedistal loops
replete of several somewhat small, elliptical fecal pellets.

Genital system. Development. Protandric hermaphro-
dite, most of small specimens, up to 9 mm, males. However
some small specimens apparently devel op to femalewithout
male phase. Other detailsin Hoagland (1983, 1986).

Male(Figs. 117, 118). Only small specimensaremae
(upto6or 7mm). Testisorangein color, located in anterior
region of visceral mass. Seminal vesicle convoluted, brown
incolor, located in anterior-right extremity of visceral mass,
gradually narrows and becomesvery slender tubethat opens
inright-posterior-ventral region of pallial cavity. A shallow
groove runsfrom this aperture to penisbase, in pallia floor
near right margin of head. Sperm groove more clear and deep
anteriorly. Penislong (about twice tentacle length), curved;
suddenly narrows before tip producing papilla about half
width of penis. Penis duct opened (groove), runsin middle
region of penisventral surface until papillatip.

Female (Fig. 116). Ovary pale brown, surrounds di-
gestive gland, more concentrated in anterior region of vis-
ceral mass. Visceral oviduct very narrow, runs from left to

right in anterior border of visceral mass. Gonopericardial
duct well-devel oped, slightly broader than visceral oviduct;
origininright-ventral extremity of pericardium, runsventral
to visceral glands encroached in pallial cavity, inserts in
posterior extremity of pallial oviduct jointed with insertion
of visceral oviduct. Pallial oviduct relatively small, located
inright-anterior end of pallial cavity (Figs. 99-100). Albumen
gland long, slight broad, whitish, wallsthick glandular; lo-
cated in anterior-right extremity of visceral mass. Capsule
gland with two branches. First branch (cd1) as continuation
of albumen gland, marked by constriction and sudden in-
crease of its walls; in posterior surface of this branch of
capsulegland, aseries of about eight impair vesicular semi-
nal receptacles, which increase towards anterior. Each
vesiclewith elliptical tip and long, slender, cylindrical duct.
Second branch of capsule gland (cd2) very larger, ablind-
sac with thick glandular, irregular walls; inner lumen broad,
dorso-ventrally flattened. Both branches of capsule gland
convergeto genital porelocated in right extremity of pallial
cavity, closeto mantle border and right of anus. Genital pore
in form of small, short papilla. Other details in Hoagland
(1986, fig. 3).

Nervous system. Similar as described for following
Species.

Habitat. Almost sessile, under rocks, coralsand other
hard substrates, from intertidal to 46 m depth.

Distribution. From North Carolinato Argentina. Is
referred also asworldwide, certainly by anthropogenic dis-
persion.

M easur ements of shells (in mm). MZSP 28672 @1,
23.3by 6.2; @2, 21.9 by 5.4, MZSP 30812,%, 28.0 by 6.7;
MZSP30814,3,9.1by 4.2.

Material examined. SPAIN; Alicante, Alicante Har-
bor, Mediterranean Sea, 38 specimens, ANSP A10151 (04/
iv/1981, Ex. K.E. Hoagland, H. Zibrowius). UNITED STATES
OF AMERICA; Hawaii, Oahu, Honolulu Harbor, MZSP
29201, 10 specimens(ix/1997, R. DeFdice & S. Colescal ., F
Moretzsohnleg.). BRAZIL ; Bahia; Salvador; Ribeirabeach,
MZSP 28494, 5 specimens(Simonecoal., 24-25/ii/1997), Banco
daPanda, 16-20 mdepth, MZSP 28455, 10 specimens(Simone
col., 26/ii/1997); Rio de Janeir o; Angra dos Reis, MZSP
30812, 12 specimens (sta. 132, 12/v/1966); Sdo Paulo;
Ubatuba, 23°25' S 44°52' W, 21 m depth, MZSP 30814, 11
specimens(sta. 27, o.t., 21/iv/1986), 23°45' S45°00' W, 46 m
depth, MZSP 30813, 14 specimens (sta. 11, 20/iv/1986); S&o
Sebastido, Baregquegaba beach, MZSP 28608, 3 specimens
(Simonecal., 16/v/1997), MZSP 28672, 3 specimens (Simone
col., 26/x/1996). AUSTRALIA; New South Wales, Sydney
Harbor, 33°51' S151°13' E, ANSP A 11991, 13 specimens (28/i/
1971, W.F. Ponder col.). R. V. W. Besnard sta. 414, 50 m depth,
MORG 180334, 1 femal ewithout spines (1/xi/1968).

Discussion. Specimensof B. aculeatusare extremely
sedentary, as many other calyptraeids, they do not moveto
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eat (they arefilter feeders), for copulation (protandric her-
maphrodites), nor to lay eggs (they brood). However, the
species is distributed worldwide in the tropics (Hoagland,
1977: 365), and subtropics. To examinethese apparently in-
congruent data, specimensfrom several parts of the species
distribution were sel ected for comparative anatomical study.
Despite somesmall differences, the separation of the samples
in specific level was not possible, at least based on mor-
phology. Having as base the Brazilian specimens, the speci-
mensfrom Australia(ANSP A11991) generally have males
possessing broader, longer and flattened penis; those from
Hawaii (MZSP 29201) generally have* V" -shaped, concave
shell septum border and shorter stomach; and those from
Spain (ANSP A10151) generally have deeper shell without
spines and some specimens possess narrow posterior duct
to digestive gland from stomach. However no character was
constant in all specimens of the lot, and these are thus re-
garded as examples of intraspecific variation. It isinterest-
ing to note that all specimens found in other places but
Western Atlantic were found close to harbors, which sug-
gests anthropogenic introduction. Several anomalies were
found in some specimens from these localities. There were
severa functional females with long penises, the anterior
duct to digestive gland in stomach present and a specimen
(MZSP 29201) with amonopectinate osphradium.

B. aculeatus has natural affinity with the Crepidula
species, and could be maintained in this genus, however,
based on the quantity of morphological differences found
and the availability of a generic taxon, the revalidation of
Bostrycapulus is preferred. The authors of the genus (de-
scribed as a subgenus of Crepidula), Olsson & Harbison
(1953: 279-280), explored well the conchol ogical attributes
of Bostrycapulus among the remainder subgenera of
Crepidula. The present study adds to the list of characters
1) the bipectinate osphradium, 2) the lack of posterior duct
to digestive gland in stomach and 3) the different fashion of
thepallia oviduct.

GenusCrepidula Lamarck, 1799
(Type: Patellafornicata Linné, 1758)

Crepidula aff. plana, 1822
(Figs. 4,7,60-62, 119-140)
Synonymy part in Hoagland (1977: 389). Complement:

Crepidula plana: Hoagland, 1984: 607-621 (molecular) (part);
Rios, 1985: 59 (pl. 21, fig. 267); 1994: 71 (pl. 24, fig. 272)
[non Say, 1822].

Crepidula (lanacus) plana: Rios, 1970: 56; 1975: 65 (pl. 17,
fig. 260); Oliveiraet d., 1981: 112 [non Say, 1822].

Description.

Shell (Figs. 4, 7). Color white, scul ptured growth lines,
plane to convex. Septum sometimes protrudes beyond ven-
tral surface of shell. Other detailssimilar to data.of Hoagland
(1977: 389, fig. 20).

Head-foot (Figs. 119, 120, 128). Generd charactersvery
similar to those of preceding species, distinctive and no-
table features following. Foot region ventral to septum am-
pler (about twice head and neck areas) and thinner; clear
longitudinal inner sinusrunsin medianline (Fig. 120). Head
proportionally smaller, with lessthan 4 of animal width. Ten-
tacles without ommatophores; tip weakly bifid in retracted
condition. Eyes dark, also located in about middle level of
tentacles. Neck ventral surface, lappets and food groove
also present. Columellar muscle smaller, very thin and nar-
row. Net of dorso-ventral muscles of haemocoel present,
but united in two masses parall el to esophagus (fig. 128: tm),
separated from salivary glands.

Mantleorgans(Figs. 119, 122, 123, 127). Charactersin
general similar to those of preceding species, distinctive
and notable charactersfollowing. Free mantle border broader,
mainly those parts attached to foot sole. Repugnatorial
glands also present. Dorsal shell muscle devel oped. Lateral
shell musclevery narrow. Pallia cavity deeper, with about ¥
of animal length, its posterior limit closeto posterior limit of
visceral mass(Figs. 119, 122). Pallial aperture, if animal com-
pared with a clock, begins at 10 and finishes at 2 o’ clock.
Special arrangement of foldsof mantleedgein middleregion
of pallial cavity aperture showninfig. 127. Osphradium very
small (length about 1/8 of pallial cavity aperturewidth), situ-
ated about inmiddlelevel of pallial apertureparallel to mantle
border (Figs. 122, 127). Osphradium monopectinate, with
about 15 slight thick leaflets of rounded tip. Gill very large,
similar to that of B. aculeatus, including long rod of fila-
ments, thicker tip and slight narrow base. Gill anterior end
on mantle border, weakly arched forwards, |ocated between
middleand right third parts of pallial aperture. Ctenidial vein
and endostyle (Fig. 123) asin preceding species. Hypobran-
chial gland very thin, inconspicuous. About 1/3 of visceral
mass encroachesin pallial cavity asin anterior species; some
structure described below.

Visceral mass (Figs. 119, 121). Very similar charac-
tersto that of preceding species.

Circulatory and excretory systems(Fig. 124). Heart
very similar to that of B. aculeatus, with very long auricle
running anterior-left margin of visceral mass (encroaches
on pallial cavity) and with its portion as blind-sac beyond
ventricle. Kidney situation and limits similar to those of B.
aculeatus. Inner renal tissue arrangement in two lobes, con-
nected to each other. Ventral lobe covers posterior surface
of rectum, bearsmany transverse, dight, tall, glandular folds.
Dorsal lobe more concentrated at right, coversamost whole
dorsal inner surface, bearssomeirregular, slight transverse,
glandular folds. Nephridial gland small, bears several trans-
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Figures 119-123, Crepidula aff plana anatomy: 119, female extracted from shell, dorsal view; 120, head-foot, female,
dorsal view, visceral massand pallial organsremoved; 121, visceral massand pallial cavity extracted from head-foot,
ventral view; 122, same, ventral view, anterior-ventral region of visceral mass deflected to show pallial roof
structures, some portions of gill filaments extracted to show strictures dorsal to them; 123, pallial cavity roof,
transversal sectioninitsmiddlelevel, just parallel to rectum. Scales= 2 mm.
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Figures 124-130, Crepidula aff plana anatomy: 124, kidney and adjacent structures, including pericardium, ventral
view, ventral wall of kidney and pericardium almost entirely extracted (except asmall, deflected portion adjacent to
nephrostome); 125, buccal mass and adjacent esophagus, ventral view; 126, same, dorsal view, nerve ring also
shown; 127, pallial cavity roof, ventral view, detail of anterior gill extremity and osphradium regions; 128, head and
haemocoel, ventral view, foot and neck ventral surface extracted; 129, dorsal wall of buccal mass, ventral view,
odontophore and septum between it and esophagus extracted; 130, odontophore extracted, ventral view;. Scales=1
mm, except 130=0.5mm.
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Figures 131-136, Crepidula aff plana anatomy: 131, odontophore, dorsal view, 132, same, part of superficial tissue
extracted; 133, same, ventral view; 134 same, dorsal view, some of muscles sectioned and deflected to show inner
structures; 135, digestive tubes seen if adjacent structures were transparent, ventral view; 136, stomach, ventral
view, itsinner surface exposed by amiddlelongitudinal section. Scales 131-134 =0.5mm, 135-136 =1 mm.
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|

Figures 137-140, Crepidula aff plana anatomy: 137, head of male, dorsal view, scale = 0.5 mm; 138, right-anterior
extremity of visceral mass of male, ventral view, scale = 0.25 mm; 139, penis, ventral view, scale= 0.5 mm; 140; pallial
oviduct and adjacent mantle border, ventral view, scale=1 mm.

verse, narrow folds, located in dorsal margin of membrane
between kidney and heart chambers, more conspicuous an-
teriorly. Nephrostome a small dlit in left-anterior region of
membrane between kidney and pallial cavities, without in-
ner foldsclosetoit. A conspicuousvessel runsfrom middie
region of mantle roof, lies between pericardium and pallial
intestinal loop, insertsin left extremity of kidney.

Digestive system (Figs. 125, 126, 128-136). Bucca
mass characters similar to those of B. aculeatus, with fol-
lowing distinctive or notablefeatures. Dorsal chamber, lim-
ited by pair of dorsal folds of buccal mass, shallower (Fig.
129). Odontophore extrinsic and intrinsic muscles as de-
scribed for preceding species (Figs. 130-134). Radula(Figs.
60-62) similar to that described for B. aculeatus, distinct
features: rachidian tooth with broader central cusp, second-
ary cusps very small, from two to three pairs; lateral tooth
with about 10 cusps, second cusp larger, apical and triangu-
lar; inner marginal tooth with about three times outer mar-
ginal width, about eight cuspsinitsinner, sub-apical margin
and two cusps in outer margin (far from apex); outer mar-
ginal withtwo or three sharp cuspsinitsinner margin, slight
far fromtooth apex. Salivary glands much smaller, inform of

pair of glandular sacs extending little more than samelength
of buccal mass (Figs. 125, 126, 129); right salivary gland
larger than | eft one. Both salivary glands anterior and some-
what far from nervering. Salivary gland aperturesin middle-
anterior region of dorsal folds of buccal mass (Fig. 129).
Esophagus narrow, itsinner surface with four to six longitu-
dinal, narrow foldsalong itswholelength; visible glandular
chambersabsent (Figs. 128, 129).

Stomach (Figs. 135, 136) characterssimilar to those of
preceding species but narrow. A posterior, narrow duct to
digestive gland present, origin in posterior, inner gastric
surface with differentiable sorting area of longitudinal, low
folds lying from esophageal and anterior duct to digestive
gland apertures, towards anterior, faint in area of intestine
origin. Pair of slight tall, longitudinal folds present; shorter,
begins just posterior to esophageal aperture, runs towards
posterior, penetrating in posterior duct to digestive gland,;
other fold longer, runs between sorting areas and gastric
shield towards posterior, surrounds posterior gastric wall.
Gadtric shield circular, with several, narrow, transversal folds,
located just posterior to style sac origin. Anterior half of
stomach, asin preceding species, tapers gradually towards
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anterior and left; its anterior surface also incompletely and
asymmetrically divided by pair of tall folds into intestinal
(narrower) and style sac (broader) portions. No stylefound.
Digestive gland and intestine characters similar to those of
B. aculeatus, except for presence of posterior duct to former
and slender fashion of | atter. Intestine (Fig. 135) repletewith
small, elliptical fecal pelletsthat beginto differentiateinin-
testinal loop preceding kidney. Intestinal loop exposed in
pallia cavity, U-shaped, very long (Figs. 119, 122, 135). Anus
siphoned, location as in B. aculeatus.

Genital system. Development. Protandric hermaphro-
ditism. Up to 5 mm several specimens are immature males
(i.e., with penisbut glandsincipient). From4to 7 mm mature
males are found. Specimens larger than 6-7 mm are always
maturefemales, but maturefemales4-5mminlengtharealso
found. About 50% of minute specimens (up to 5 mm) have
no penis, this maybe is indicative that about half of the
specimens devel op femal e organs without passing through
male stage. Gould (1917) also found small specimens of C.
plana without penis, caled as “sexualy inactive’ speci-
mens; that paper brings important data on C. plana devel-
opment.

Male(Figs. 137-139). Shell of malesgenerally brown
spotted and more convex than same-sized females, but sev-
eral exceptionsexist. Maepallial cavity shorter, somewhat
perpendicular tolongitudinal axis. Testiswhite, only present
in anterior region of visceral mass (remainder of viscera
mass only occupied by stomach and digestive gland). Semi-
nal vesiclelocated in right-anterior extremity of visceral mass,
with about two irregular coils; its anterior region narrows
and opens to pallia cavity floor as small papilla. Between
thisaperture and penisbase avery shallow sperm groove; it
runson right surface of palial floor (difficult to seein some
males). Penis large, somewhat long, inserted just posterior
toright cephalic tentacle. Penisbasal region broad, narrows
gradually distally. Apical papilla curved, very narrow and
tapered. Penis groove runs about along central region of
penisventral surface until papillatip.

Female (Fig. 140). Ovary, visceral oviduct and
gonopericardial duct characters similar to those of B.
aculeatus. Albumen gland slight narrow, elliptical, located
in right-anterior extremity of visceral mass, exposed in ven-
tral surfaceof pallial cavity. A seriesof generally four semi-
nal receptaclesinsertsin posterior surface of albumen gland.
Anterior extremity of albumen gland suddenly twiststowards
left and dorsally, inserting in capsule gland. Capsule gland
exposed in right region of pallia cavity at right of anus,
increases towards | eft, with thick, yellowish walls; its duct
narrow, dorso-ventrally flattened. Left extremity of capsule
gland rounded, with bind-end. Vaginal tube long and nar-
row, originin anterior-left region of capsulegland, runswithin
mantle wall towards right, close mantle border suddenly
ventrally and opensin tall papilla. This genital papilla pre-
sents two or three folded reinforcements of adjacent areas

of mantle. Female genital porevery small, in papillatip.

Central nervoussystem (Fig. 128). All ganglialarge
and close to each other around region of esophagus close
to visceral mass. Sub- and supra-esophageal ganglia also
close to nervering. Statocyst with single, large statolyth.

Habitat. Almost invariably within empty gastropod
(bivalve sometimes) shells (or with hermit crab), frominter-
tidal to 73 m depth.

Distribution. Southeast coast of Brazil (thisdistribu-
tionisstill inanalysis).

M easur ements of shells (inmm). MZSP 30790, 1,
27.5by 4.6;2 3, 20.0by 3.5; MZSP 30792, 8 4.4 by 1.4.

Material examined. BRAZIL; Bahia; Salvador, Banco
daPanela, 16-20 m depth, MZSP 28456, 5 specimens (Simone
col., 26/ii/1997). Sdo Paulo; Ubatuba (Integrated Project —
IOUSP, R.V. Veliger Il col.); 23°25' S44°52' W, 21 m depth,
MZSP 30803, 13 specimens (Sta. 27, 21/iv/1986); 23°29'S
44°52'W, 38 m depth, MZSP 30791, 18, MZSP 30798, 2
specimens(Sta. 8, 28/x/1985); 23°30' S44°54’ W, 42m depth,
MZSP 30790, 5 specimens (Sta. 26, 21/iv/1986); 23°33'S
44°50.5'W, 43 m depth, MZSP 30799, 23 (Sta. 7, 28/x/1985);
23°34'S 44°48' W, 44 m depth, MZSP 30801, 4 specimens
(Sta. 17, 22/1/1986); 23°34’ S 45°06' W, 21 m depth, MZSP
30802, 24 specimens (Sta. 12, 20/i/1986), 20 m depth, MZSP
30800, 1 specimen (Sta. 39, 21/x/1986); 23°34’' S45°07'W, 20
m depth, MZSP 30797, 2 specimens (Sta. 21, 18/iv/1986);
23°38' S44°49' W, 47 m depth, MZSP 30795, 13(Sta. 16, 22/i/
1986); 23°38' S45°14' W, 16 m depth, MZSP 30805, 1 speci-
men (Sta. 42, 22/x/1986); 23°39' S45°04' W, 36m depth, MZSP
30792, 2(Sta. 11, 20/i/1986); 23°44' S45°00' W, 42 m depth,
MZSP30796, 2R(Sta 37, 21/x/1986); 23°44' S45°15'W, 32m
depth, MZSP 30804, 109(sta. 5, 27/x/1985); 23°47' S45°10' W,
35mdepth, MZSP 30793, 2 &' 12 (Sta. 14, 21/i/1986); off
Ubatuba, MZSP 30794, 10 specimens. No loc., MZSP 30806,
100 specimens (Sta. FINEP 4576, v/1984).

Crepidula protea Orbigny, 1841
(Figs.5,6,63,64,141-151)
Synonymy in Aguirre (1993: 26-28). Complement:
Crepidula protea: Warmke & Abbott, 1961: 87; Rios, 1970:
56 (pl. 11); 1975: 64 (pl. 17, fig. 259); Hoagland, 1977: 386,
388; Oliveiraetal., 1981: 111-112; Hoagland, 1983a: 105-
108 (fig. 1); Hoagland, 1984: 607-621 (molecular); Rios
1985: 60 (pl. 21, fig. 268); Calvo, 1987: 97, 99 (fig. 55);
Aguirre, 1993: 26-28 (pl. 1, figs. 2-4, lectotype: BMNH
1454.12.4.573-4); Rios, 1994: 71 (pl. 24, fig. 273).

Description.

Shell (Figs. 5, 6). Relatively large (up to 40 mm), thin,
planar to slightly convex. Color whitish beigeto pale brown.
Periostracum somewhat thick. Apex small, turned slightly to
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Figures 141-147, Crepidula protea anatomy: 141, femal e extracted from shell, dorsal view; 142, pallial cavity roof, detail
of anterior gill extremity and osphradium region, ventral view; 143, visceral massand pallial cavity roof, ventral view,
anterior-ventral region of visceral mass deflected, some portions of gill with filaments extracted; 144, head and
haemocoel, ventral view, foot and neck ventral surface extracted; 145, same, snout opened ventrally and itswalls
deflected; 146, kidney, pericardium and adjacent structures, ventral view, ventral wall of kidney and pericardium
extracted (except small portion deflected around nephrostome); 147, pallial cavity roof, transversal sectioninits
middlelevel, paralel torectum. Scales141, 143, 147 =2 mm; 142, 144-146 = 1 mm.
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148

Figures 148-151, Crepidula protea anatomy: 148, head and neck, male, dorsal view; 149, visceral mass, male, detail of
its anterior—right extremity, ventral view; 150, penis and adjacent structures of its base, ventral view; 151, pallia
oviduct and adjacent structures of mantleroof, ventral view. Scales= 0.5 mm.
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right, at level of or above shell margin. Sculpture lacking
except growth lines. Shell septum shallow, planar; sulcus at
left; notch about in center of margin; covers about Y2 of
aperture area. Muscle scar very weak, close to right end of
septum edge.

Shell similar to C. &ff. plana, differsmainly in convex
shape and in beige or reddish color (but several exceptions
and overlap exist).

Head-foot (Figs. 141, 144, 148). Very Smilar characters
to those of C. aff. plana, without notable differences. Pre-
sents inclusive bifid tip of retracted tentacles and eyes lo-
cated initsmiddle-outer region.

Mantle organs(Figs. 141-143, 147). Mantle border,
mantle cavity and aperture as described for C. aff. plana.
Specia arrangement of foldsin middleregionsof pallia cav-
ity aperture shownin fig. 142. Pallial organ charactersaso
similar to those described for C. aff. plana, including gill,
osphradium monopectinate (with series of several tall,
rounded leaflets), hypobranchial gland poorly developed
and endostyle. Dorsal shell muscle present. Lateral shell
muscle very narrow (Figs. 141, 143), even absent in about
half of specimens.

Visceral mass (Fig. 141). Asin preceding species.

Circulatory and excretory systems(Fig. 146). Peri-
cardium and heart charactersand limitssimilar to those of C.
aff. plana. Kidney situation also similar to that of C. aff.
plana. Inner renal tissue also similar to that of preceding
species, but with fewer and stronger glandular folds. Sepa-
ration between dorsal lobe (covering dorsal renal wall) and
ventral lobe (covering posterior surface of adjacent intes-
tine) lessclear (Fig. 146). Nephridial gland moreweakly de-
veloped, of similar location. Nephrostome free from inner
glandular folds and pallial vessel insertion in left border of
kidney, both similar to C. aff. plana.

Digestivesystem (Figs. 144, 145). Buccal masschar-
acters as those described for C. aff. plana, included
odontophore muscles. Radulacharacters (Figs. 63, 64) simi-
lar tothose of C. aff. plana. Salivary glands practically sym-
metrical, dender, long, sometimes coiled, each onewith about
1.5timesbuccal masslength. Sdlivary glands separated from
the net of transversal muscles of haemocoel. Entire esopha-
guswith about eight narrow, longitudinal inner folds, one of
them larger. No esophageal glandular chamber present. Stom-
ach characters similar to those described for C. aff. plana,
but with posterior duct to digestive gland broader and closer
to esophageal insertion. Stomach inner surface also similar
to that of anterior species, but possesses fold running in
dorsal-posterior region, from esophagus insertion towards
posterior, connects with long longitudinal fold of posterior
gastric wall (thisfold also present in C. &ff. plana). Diges-
tive gland, intestine loops and anus asin C. aff. plana.

Genital system. Development. Itisdubiousif C. pro-
tea is protandric hermaphrodite. Males are rarer than fe-

mal es both in minute and large specimens. There are mature
malesof small size(7.5-8.5mm, MZSPPI-27) and of largesize
(12.5,16.4 mm, MZSP PI-26). On the other hand, maturefe-
maleswith 5-6 mm arecommon.

Male (Figs. 148-150). Testis whitish, occupies ante-
rior region of visceral mass. Seminal vesiclesimilarinloca-
tionof C. aff. plana. Pallial floor sperm groove shallow (dif-
ficult to seein some specimens), more clearly closeto penis.
Penis origin just posterior to right tentacle. Penis broad,
curved, of somewhat uniform width along its length. Penis
tip with slender papilla, preceded by sudden penis construc-
tion. Penis groove runs in central region of penis ventral
surface, up to papilladistal end.

Female (Fig. 151). Viscera and pallial organs charac-
tersvery similar tothose of C. aff. plana, inclusive 3-4 semi-
nal receptacles in posterior surface of albumen gland and
genital pore preceded by tall, outstanding papilla.

Habitat. On hard substrates, generally outside shells
of other molluscs. From Intertidal to 125 m depth.

Distribution. From Cubato Uruguay.

M easur ements of shells (inmm). MZSP 30765, 21,
23.4by 6.5:22, 23.0by 6.4; MZSP30766 3, 14.4 by 5.5.

Material examined. BRAZIL; Sdo Paulo; Ubatuba(In-
tegrated Project — IOUSP, R.V. Véliger Il col.); 23°24'S
45°07' W, 20m depth, MZSP 30772, 12 specimens(Sta. 21, 18/
iv/1986); 23°25' S44°52' W, 21 m depth, MZSP 30767, 27 Speci-
mens (Sta. 27, 21/iv/1986), 18 m depth, MZSP 30785, 1 speci-
men (Sta. 18, 22/i/1986); 23°29' S44°52' W, 38 m depth, MZSP
30775, 4 specimens (Sta. 8, 28/x/1985); 23°30' S44°54' W, 42m
depth, MZSP 30765, 21 specimens (Sta. 26, 21/iv/1986);
23°34'S 45°06' W, 21 m depth, MZSP 30776, 1 specimen,
MZSP 30782, 9 specimens (Sta. 12, 20/i/1986), 20 m depth,
MZSP 30781, 2 specimens (Sta. 39, 21/x/1986), 22 m depth,
MZSP 30783, 6 specimens (Sta. 30, 09/vii/1986); 23°34'S
45°07'W, 20 m depth, MZSP 30777, 2 specimens (Sta. 21, 18/
iv/1986); 23°38' S45°14' W, 16 m depth, MZSP 30773, 5 speci-
mens(Sta 42, 22/x/1986); 23°39' S45°04' W, 36m depth, MZSP
30769, 13(Sta. 11, 20/i/1986); 23°39' S44°53' W, 45m depth.
MZSP 30770, 13, MZSP 30787, 1 specimen (Sta. 25, 20/iv/
1986); 23°39' S45°04' W, 36 m depth, MZSP 30774, 3 speci-
mens(sta. 11, 20/i/1986); 23°40' S44°59' W, 35 m depth, MZSP
30766, 20 specimens(sta. 20, 20/iv/1986); 23°41' S45°01' W,
35mdepth, MZSP 30779, 15 specimens (Sta. 38, 21/x/1986);
23°43'S 45°13'W, 20m depth, MZSP 30771, 1 specimen,
MZSP 30786, 1 specimen (Sta 15, 21/1/1986); 23°44' S45°15'W,
32 m depth, MZSP 30768, 27 specimens, MZSP 30784, 12
specimens(sta. 5, 27/x/1985); 23°47' S45°13' W, 36m depth,
MZSP 30778, 13, MZSP 30780, 3 specimens (Sta. 23, 19/iv/
1986); 23°49' S44°39' W, 70 m depth, MZSP 30789, 17 speci-
mens (Sta. 4852, 16/xii/1985); 24°13.1' S44°45.2' W, 117m
depth, MZSP 30788, 3 specimens, (Sta. 4951, 27/vii/1986);
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MORG 18033, 33, 2(1/xi/1968, R.V. W. Besnard sa. 414, 50
m depth). No Loc., MZSP 30807, 22 specimens (Sta. FINEP
4576).

Discussion. It is difficult to separate C. aff. plana
from C. protea based on anatomical characters. They are
very similar and the differences described here may not be
enough to justify specific separation. The shell differences
are practically restricted to concave (C. aff. plana) or con-
vex (C. protea) shape (C. proteais, in general, morerichly
pigmented too). Although the shell form is greatly influ-
enced by adaptations to the substrate in sessile animals. If
the animal isliving in the inner region of an empty gastro-
pod shell, it becomes concave (C. aff. plana), if livinginthe
outer surface of the same, the specimen becomes convex
and more richly pigmented. On the other hand, the differ-
ences of the development are perhaps the key for a specific
separation, because C. aff. planais, practically without doubt,
aprotandric hermaphrodite, while C. protea may not be (see
above). Thus, both groups are recognized as species herein,
but it is clear that further studies can change this concept.
Anyway, if both arereally separate species, they areindubi-
tably very close related ones.

Hoagland (1983a) provides an additional argument
for specific separation between C. protea and C. &ff. plana,
based on the composition of the egg capsule and the num-
ber of embryos (C. aff. plana about 2000, while C. protea
about 5500). However, there is a doubt in such species
Hoagland actually studied, and this matter is still in analy-
sis.

Crepidula argentina

A different species with virtually identical shell at-
tributes to C. protea was studied, based on samples col-
lected from northern Argentina. The species has been de-
scribed in another paper: Simone, Pastorino & Penchaszadeh
(2000), but it isincluded in the data matrix of the present
study.

Crepidula convexa Say, 1822
(Figs. 8,9, 66, 67,152-159)

Synonymy inHoagland (1977: 369). Complement:

Crepidula glauca: Warmke & Abbott, 1961: 87 (pl. 15, fig.
1); Bandel, 1976: 264 (figs 20, 21); Bandd & Riedel, 1994:
341 (pl. 7,fig. 6).

Crepidula convexa form glauca: Abbott, 1954: 171; Jong &
Coomans, 1988: 62; Merlano & Hegedus, 1994: 161.

Crepidula convexa: Hoagland, 1977: 369-370.

Description.

Shell (Figs. 8, 9). Characteristic shell concave, low,
color whitewith several, dightly uniformly aligned, circular,
dark brown spots (Fig. 8), more concentrated in oldest re-
gions of shell. Although altogether white shells are com-
mon, aswell as greatly compressed ones, resembling C. aff.
plana. Other detailsin Hoagland (1977: 370).

Head-foot (Figs. 153, 156). Very similar charactersto
C. &ff. plana, neck region proportionally longer. Tentacles
with basal half clearly broader than distal half, narrowing
just distal to eyes. Tentacles tip not bifid, but no specimen
with tentacles greatly contracted was examined. Anterior
margin of foot with pair of latera projections, clearerinsmaller
specimens. Haemocoel very narrow; inner net of transversal
muscleswell-devel oped, separated from salivary glands.

Mantleorgans(Figs. 152, 154). Mantle border, asin
preceding species, with repugnatorial glands. Arrangement
of foldsin middleregion of pallial aperture showninfig. 154.
Pallial cavity broad and also deep; pallia aperture, if com-
pared with a clock, begins at 9 and finishes at 3 o’ clock.
Arrangement of pallial organsvery similar to that described
for C. aff. plana, including avery thin inconspicuous hypo-
branchial gland. Osphradium monopectinate, distinct in hav-
ing few leaflets separated from each other, tall and filiform.
Anterior end of gill on mantle border, turned forward, pos-
sessing fold as continuation of ctenidial vein. Intestinal loop
preceding anus not as long, V-shaped. Dorsal shell muscle
absent. Lateral shell muscle narrow and small.

Visceral mass (Figs. 152, 155). Similar to those of
preceding species, but proportionally smaller.

Circulatory and excretory systems(Fig. 157). Heart
characters as described for preceding species. Kidney rela-
tively small, limitssimilar to those of anterior Crepidula spe-
cies. Dorsal renal lobe with some oblique folds slight far
with each other, covering inner surface of dorsal renal wall.
Ventral renal |obe connected with posterior surface of adja-
cent intestine, two or three tall folds, disposed in same di-
rection asintestine. Nephrostomeasmall dlit in anterior-left
surface of membrane between kidney and pallial cavity, with-
out inner glandular folds closeto it. Nephridial gland some
transversal small folds along dorsal region of membrane
between kidney and pericardium. No pallial vessel inserted
inleft extremity of kidney.

Digestive system (Figs. 153, 155, 157). Buccal mass
characters very similar to those described for C. &ff. plana.
Radula (Figs. 66, 67) also similar to that of C. aff. plana,
rachidian tooth with central, large, triangular cusp and about
four pairsof secondary, small cusps; lateral tooth with about
10 cusps, third cusp larger, apical, triangular; inner marginal
tooth about threetimes outer marginal tooth width, flattened,
about nine small, sub-terminal cusps in inner margin and
two cusps in outer margin slight far from apex; outer mar-
ginal tooth slender, about three cusps in its inner margin.
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Figures 152-159, Crepidula convexa anatomy: 152, femal e extracted from shell, dorsal view, scale=2 mm; 153, head
and haemocoel, ventral view, foot and neck ventral surface extracted, with adetail of atransversal section of indicated
level of esophagus, scale= 1 mm; 154, pallial cavity roof, ventral view, detail of region between anterior extremity of
gill and osphradium, scale= 1 mm; 155, visceral massisolated, male, ventral view, scale= 0.5 mm; 156, head and neck,
male, dorsal view, scale=0.5 mm; 157, kidney, pericardium and adjacent structures, ventral view, ventral wall of both
fully extracted, scale= 0.5 mm; 158, penis, detail of itsmiddle and apical regions, scale=0.25 mm; 159, pallial oviduct,
ventral view, scale=0.5mm.
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Salivary gland dlender and long (Fig. 153); right gland longer
than left one; both not mixed with net of transversal muscles.
Esophagus very narrow and long. Inner surface with four
longitudinal, glandular folds. Stomach as described for C.
aff. plana, but posterior duct to digestive gland stay turned
to left (instead turned to posterior). Inner gastric surface
with deep and relatively ample gastric shield. Intestineloops
similar to those of C. aff. plana, except that loop in pallial
cavity roof, which is shorter and ampler (U-shaped) (Fig.
157). Anus siphoned, close mantle border right region.

Genital system. Development. Apparently protandric
hermaphrodite, with most small specimen males, but small
specimens without penis are common. Transition male-fe-
male around 4-5 mm. Other details of development and egg
capsulessee Bandel (1976: 264, fig. 20, 21).

Male(Figs. 155, 156, 158). Testiswhite, located in an-
terior-l€ft region of visceral mass. Semind vesiclelarge, highly
convolute. Apertureto pallial cavity, similar to those of pre-
ceding species, preceded by narrow, almost straight papilla.
Between thisaperture and penis base ashallow sperm groove
running in floor of pallial cavity right region. Penis origin
just posterior to right tentacle. Penis very long (about same
length as head-foot) and curved; width uniform aong its
length; distal end tapers, without clear papilla. Penisgroove
runsin center of penisventral surface, until tip.

Female (Fig. 159). Ovary, visceral oviduct and
gonopericardia duct charactersasdescribed for C. aff. plana.
Pallial oviduct also similar to that of C. aff. plana, but with
many vesicles (semina receptacles) inserted in posterior
region of albumen gland, all surrounded by secondary, trans-
parent membrane. Vaginal tube shorter and broader. Genital
pore preceded by very tall papillawith reinforcementsfrom
adjacent areas of mantle. All examined females present ves-
tigial penis, very smaller compared to those of males.

Central nervoussystem. Similar to those of preced-
ing species (Fig. 153).

Habitat. Subtidal, on other gastropods shells, up to
11 mdepth.

Distribution. Northwestern Atlantic.

M easur ements of shells (inmm). MZSP 30810, 21,
13.3by 2.7.23, 8.8 by 2.03' 2, 4.3by 1.0.

Material examined. VENEZUELA; IslaMargarita
(Simonecal.); ISade Coche, LaUva, MZSP 30809, 50 speci-
mens(6/ii/1995); El Yague, MZSP 30810, 40 specimens (28/i/
1996); Porlamar, PlayaBellaVista, MZSP 30811, 5 specimens
(2/1i/1995).

Discussion. C. convexa hasashell and inner anatomy
similar to those of C. aff. plana and C. protea. It differs
mainly in the absence of a dorsal shell muscle; in the
osphradium having fewer, filiform and tall |eaflets; apropor-
tionally smaller visceral mass; the absence of a developed
pallial vessal inserting in left extremity of kidney; salivary
glands longer; posterior duct to digestive gland turned to

left (maybe induced by small size of visceral mass); pallial
intestinal loop shorter, U-shaped; male seminal vesicle in-
tensely more convolute (several coils); and by more quan-
tity of vesiclesof pallial oviduct.

Hoagland (1977: 370) considered C. convexa synonym
of C. glauca Say, 1822. The name C. convexa is preferred
here because of the arguments in favor to validity of C.
convexa given by Hoagland. However, the question is still
controversy, asWarmke & Abbott (1961) e.g., consider both
speciesvalid. Coallin (2002) has referred further in favor to
the name C. convexa over C. glauca, and that paper must be
consulted for a further discussion of the taxonomy of this
species. In a personal communication, Collin pointed out
the possibility of the sample examined here may be not of C.
convexa, since, by her concept, the species that does not
range south of Georgia.

Crepidulafornicata (Linné, 1758)
(Figs. 10,11, 71, 72,160-164)
Synonymy in Hoagland (1977:375). Complement:

Crepidulafornicata: Olsson & Harbison, 1953: 277; Abbott,
1954: 170 (pl. 21m); Fretter & Graham, 1962: 70, 106, 107,
111, 115, 204, 220, 225, 254, 262, 315, 338, 374, 404, 454,
505, 643, 660 (figs. 39a, 41, 58, 59, 61-63, 1214, 185, 197,
212,218b, 221, 236); Rios, 1975: 65; Oliveiraeta., 1981:
110-111; Hoagland, 1983b: 4, 6; Hoagland, 1984: 607-621
(molecular); Taylor & Miller, 1989: 230 (figs. 7, 8); Poppe
& Goto, 1991: 114 (pl. 15, figs. 18-19); Bandel & Riedel,
1994: 340-341; Abbott & Morris, 1995: 181 (pl. 49).

Description.

Shell (Figs. 10, 11). Relatively large (up to 60 mm),
sculptured only by growth lines, highly convex. Other de-
tailsin Hoagland (1977: 375-376, fig. 11).

Head-Foot (Fig. 162). Similar to those of preceding
Crepidula species, distinctive and notable features follow-
ing. Foot sole musclesmore powerful. Dark brown pigmented
mainly in dorsal regions of head and ventral region between
foot and mantle attached to it. Repugnatorial glands as de-
scribed for preceding species, along mantle border, but
Fretter & Graham (1962, fig. 58) show specimenswith this
gland reunited in some tufts. Tentacles with bifid apex in
retracted condition. Basa half of tentacles (up to eyes) clearly
broader than distal half. Haemocoel broad, amost al filled
by net of transversal, very narrow muscular fibers (do not
pass through salivary glands). Other details in Fretter &
Graham (1962, fig. 58).

Mantleorgans(Figs. 161, 164). In genera similar to
those of preceding species, with following distinctive or
interesting features. Inner surface of pallial cavity pigmented
by black or dark brown. Distribution of pallial structuresas
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Figures 160-164, Crepidula fornicata anatomy: 160, pallial oviduct and adjacent structures of pallial roof, ventral view,
ventral recover of mantle extracted; 161, pallial cavity roof, ventral view, detail of region between anterior extremity of
gill and osphradium; 162, head and haemocoel, ventral view, foot and neck ventral surface extracted; 163, dorsal wall
of buccal mass, ventral view, odontophore extracted, esophagus partially opened longitudinally; 164, detail of mantle

border, inits posterior-right region. Scales=1 mm.
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shown by Fretter & Graham (1962: 102, fig. 58) but in exam-
ined specimensthe posterior end of cavity is more anterior.
Special arrangement of foldsin mantle border showninfig.
161. Osphradium slightly small (about 1/5 of pallial cavity
aperture, monopectinate, tall. Osphradium filaments thick,
short, semi-spherical. Osphradium dorsal insertion close to
ctenidial vein. Gill similar to preceding species, also located
in mantle border, but with anterior extremity almost straight
and far from osphradium. Endostyle narrow and slightly tall.
Other detail ssee Werner (1953: 260-314, figs 1-3, 6-8, 12-14,
16, 18-20, 22-27), Fretter & Graham (1962, fig. 61), Taylor &
Miller (1989: 230 for osphradium).

Visceral mass. Similar to that described for B.
aculeatus. Fretter & Graham (1962, fig. 58) show adorsal
view of visceral mass, the examined specimens only differ
by presenting very larger ovary.

Circulatory and excretory systems. Heart and peri-
cardium as described for preceding species. Kidney also
similar to those of anterior species, with following notable
characters: color pale cream; ventral |obe, attached to intes-
tine, with severa irregular folds; dorsal |obewith somelon-
gitudinal foldsrunning amost entirekidney length; nephridial
gland small, some transversal foldsin dorsal region of peri-
cardium membrane; nephrostome proportionally ample, dlit-
like, located about in center of membrane between kidney
and pallial cavity, closer to ventral lobe, without inner folds
closetoit. Vessel asthat of C. aff. plana.

Digestive system (Figs. 162, 163). Buccal mass,
odontophore extrinsic and intrinsic muscles similar to those
described for B. aculeatus. Dorsal wall of buccal masswith
dorsal, inner folds narrow and close to median line; aperture
of salivary glands on these folds, but posterior, near poste-
rior level of buccal mass and very long antero-posteriorly.
Radulasimilar to those of preceding species, main features:
rachidian tooth narrow, with five to seven cusps, central
cusp very larger, triangular; lateral tooth broad, with 11 to 12
cusps, fourth cusp very larger, triangular, terminal; inner
marginal tooth with about double of outer marginal tooth
width, inner marginal with six cuspsin inner margin, outer
marginal lacking cusps or wit up to 2 cuspsininner margin
far fromtip. Salivary glandslong and narrow, about 1.5times
buccal mass|ength. Esophaguswith about 6-7 longitudinal,
narrow folds; in anterior region two of these folds larger,
gradually decrease and become similar to othersin posterior
esophagus. Stomach similar to those of C. &ff. plana, pos-
sessing posterior duct to digestive gland; after short dis-
tance this duct bifurcatesin T-fashion, with an anterior and
a posterior branch (Other details in Orton, 1922; Mackin-
tosh, 1925). Stomach inner surface with pair of low folds
running from esophageal insertion towards posterior, fuse
with each other in posterior gastric region and becomesingle
taller fold that surrounds posterior gastric surface and runs
towards anterior, finishes between both folds that separate
style sac from intestine; other slight tall fold edges at right

esophageal and both ducts to digestive gland apertures.
Intestinal loops, rectum and anus as described for preced-
ing species. Other detailsin Haller (1892), Graham (1939: 97-
101, 2figs.).

Genital system. Development and male. My observa-
tions verify and do not add to previous descriptions (e.g.,
Werner, 1953; 1955; Fretter & Graham, 1962: 358, fig. 185).

Female (Fig. 160). Ovary similar inlocation to those
of preceding species. Visceral oviduct very short, inserting
in albumen gland close to insertion of very long
gonopericardial duct. Albumen gland amost indistinct from
capsule gland, only weakly slender and smaller. Several
vesiclesunited in outer region of albumen gland, inserted in
it close with each other. Capsule gland along, conic, thick
glandular tube, runstowards|eft ant slight anterior immerse
in mantle wall. Vaginal tube narrow, originsin anterior-left
region of capsule gland, runs towards anterior and right
asoimmersein mantlewall up to genital pore. Genital pore
small, preceded by tall papillasimilar tothat of C. aff. plana.

Central nervoussystem. See Graham (1954, fig. 4A).
Habitat. On hard substrates, intertidal to 49 m depth.

Distribution. NW Atlantic; originally from Gulf of St.
Lawrence to Texas, now also in north coast of Europe and
Mediterranean. Q

M eas® ements of shells (in mm). MZSP 30808, 1,
30.4by 10.0; 2,29.3by 10.7.

M@erial examined. GERMANY:; AmrumIdand, MZSP
30808,2 (L.Forndiscal., 23/vi/1960).

Genus Calyptraea Lamarck, 1799
(Type species. Patella chinensisLinné, 1758)

Calyptraea centralis(Conrad, 1841)
(Figs. 12-14, 56,57, 165-184)

Synonymy in Olsson & Harbison, 1953: 277. Complement:

Calyptraea centralis: Abbott, 1954: 169 (pl. 20, fig. I);
Warmke & Abbott, 1961: 86 (pl. 15, fig. 0); Rios, 1970: 55;
1975: 64 (pl. 17,fig. 256); Bandd, 1976: 263 (fig. 19); Oliveira
etal., 1981: 109; Rios, 1985: 58 (pl. 21, fig. 262); Jong &
Coomans, 1988: 62; Rios, 1994: 71 (pl. 24, fig. 275); Merlano
& Hegedus, 1994: 160 (pl. 50, fig. 582); Banddl & Rieddl,
1994: 339; Abbott & Morris, 1995: 179 (pl. 45).

Description.

Shell (Figs. 12-14). Of small size(upto 5 mm), circular,
conic, with somewhat spiral septum in center and right of
ventrd surface (Fig. 13). Apex small, sub-central, with about
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Figures 165-171, Calyptraea centralis anatomy: 165, femal e extracted from shell, dorsal view; 166, same, ventral view;

167, head-foot, dorsal view, visceral mass and pallial organs extracted; 168, visceral mass and pallial organs, ventral

view; 169, pallial cavity roof, detail of osphradium region; 170, kidney and pericardium, ventral view ventral wall of

both extracted except asmall portion around nephrostome; 171, pallial cavity roof, transversal sectioninitsmiddle
region, parallel to rectum. Scales= 0.5 mm. Lettering: c1, mantle projection adjacent to shell umbilicus.
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Figures 172-179, Calyptraea centralis anatomy: 172, head and haemocoel, ventral view, foot and neck ventral surface
extracted; 173, buccal mass and adjacent esophagus, lateral-1eft view; 174, same, dorsal view; 175, odontophore,
ventral view; 176, same, dorsal view; 177, odontophore, ventral view, superficial membrane and muscles removed;

178, same, dorsal view; 179, dorsal wall of buccal mass, ventral view, odontophore and septum between it and
esophagus extracted, esophagus al so opened longitudinally. Scales 172, 179=0.25mm; 173-178 = 0.1 mm.
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Figures 180-184, Calyptraea centralis anatomy: 180, head of female, lateral-right view, showing vestigial penis present
inall females, scale= 0.2 mm; 181, digestive ducts, ventral view, seen if other structures were transparent, scale=0.4
mm; 182, head of male, lateral-right view, scale= 0.1 mm; 183, head-foot and mantle cavity roof, female, lateral-right
view, mantle deflected upwardsto expose pallial oviduct, scale = 0.2 mm; 184, stomach, ventral view, inner surface
exposed by anlongitudinal incision, scale= 0.4 mm.
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2whorls(Fig. 14). Other detailsin Abbott (1974: 139).

Head-foot (Figs. 166, 167, 172, 180, 182, 183). Head and
neck regions somewhat similar to those of preceding
Crepidula species, including neck ventral surface and flaps,
but shorter; penis present in all specimens behind right ten-
tacle, shorter in females. Pair of retractor muscles of snout
present. Tentacles slender, without ommatophores. Eyes
located slight over outer region of tentacles base. Foot also
similar to that of Crepidula, with planar, dorso-ventrally flat-
tened sole compressed by shell septum; anterior margin of
thissole coversventrally small areaof neck ventral surface.
Pedal glandsfurrow in anterior margin of foot sole. Mantle,
asin Crepidula, attached to dorsal surface of foot sole and
extending beyond its posterior and lateral borders. A tall,
pointed and flat projection adjacent to shell umbilicus lo-
cated about in center of dorsal foot surface (Fig. 167). Col-
umellar muscle similar located as those of Crepidula, but
larger, inform of semi-coneturned to right; insertsin border
of shell septum and adjacent regions of shell inner surface
and inner surface of septum.

Mantleorgans(Figs. 165, 168, 169, 171). Mantle bor-
der very broad, including region surrounding foot; in region
of mantle aperture aspecial arrangement of folds but not so
complex asin Crepidula spp. Dorsal shell muscle present,
very similar to those of Crepidula, proportionally larger;
origininregion of shell inner surface anterior and weakly at
right of shell septum; itsfibersspread likefan towards ante-
rior for ashort distanceand insert in dorsal surface of mantle
just anterior tothegill (Fig. 165). Lateral shell muscle small
and narrow, located in posterior end of pallial cavity. Pallial
cavity conical and curved, begins just inside shell septum,
suddenly increases towards anterior and right. Pallial aper-
ture proportionally small, if animal compared with aclock,
this aperture begins at 11 and finishes at 4 o’ clock; left re-
gion of pallial cavity closed by mantle septum, restricting
pallial aperture to condition described above. Osphradium
slightly small (Iength about 1/5 of pallial cavity width), lo-
cated parallel to mantle border about in centra region of
pallial aperture. Osphradium monopectinate, bearing some
tall, flattened | esfletswith rounded tip (Fig. 169). Gill similar
tothose of Crepidula, occupying most of inner pallia space,
inserts all along left and anterior pallial margins. Gill fila-
ments also similar to those of Crepidula, with very long
(Figs. 168, 171), rigid rod, maintained firmly in position by
ciliag, mainly of the apical region. Gill rods do not originate
directly from ctenidial vein, but slightly moreinternal, edg-
ingit. Endostyle narrow and tall, runsbetween ctenidial vein
and gill along anterior border of gill (Fig. 171). Gill posterior
end justin posterior end of cavity; gill anterior end in central
region of pallial aperture, on mantle border, somewhat far
from osphradium. Visceral mass, asin Crepidula, encroach-
ing right-posterior region of pallia cavity roof and a flap
ventral, as cavity floor (respective organs described below).

Visceral mass(Figs. 165, 168, 181). Somewhat conic,

curved; differsfrom those of Crepidula in being turned an-
teriorly (Fig. 165). Large stomach as central structure. Go-
nad fills anterior region. Digestive gland surrounds poste-
rior and ventral surfaces of stomach up to distal apex of
visceral mass. As described above, about 1/3 of viscera
mass encroachespallial cavity roof; kidney and pericardium
as more anterior structures (both described below).

Circulatory and excretory systems(Figs. 168, 170).
Pericardium located in visceral mass partly encroached in
pallial roof, in its left-anterior border, transversally long.
Auricle narrow and long (but not so long as those of
Crepidula); its connection with ventricle almost in central
region of its posterior surface, possessing broader portion
beyond it asblind-sac (similar to Crepidula). Kidney in ante-
rior-right region of visceral mass, edged anteriorly by intes-
tinal loop, dorso-ventrally flattened. Renal tissueamost al
massive, dorsal and ventral (connected to intestine) lobes
largely connected with each other, some irregular, pinned,
hollow regions present. Nephrostomeasmall dlit located in
anterior-left region of membrane between kidney and pallia
cavity.

Digestive system (Figs. 172-179, 181, 184). Buccal
mass similar to those of Crepidula spp. Dorsal wall of buc-
cal massinner surfacewith pair of low foldsand very small
jaw plates. Aperture of salivary glands somewhat large dlit,
located in outer side of dorsal folds, in middlelevel of buccal
mass. Odontophore muscles similar to those of Crepidula,
but with m7 shorter and inserted in border of subradular
cartilage (Figs. 173-178). Radula(Figs. 56-57): rachidian tooth
broad, about 11 cusps, central cusp somewhat similar to
secondary cusps, cusps gradually decreasing towards lat-
erd; latera tooth curved inwards, with about 14 sharp cusps,
third to fifth cusp slightly larger and apical; marginal teeth
similar to each other, long, tall, slender, with about 12 sharp,
sub-terminal cusps in inner edge; outer margina weakly
narrower than inner marginal tooth. Pair of buccal ganglia
large, located closeto median line (Figs. 173-176). Esopha-
gus slender and long, anterior inner surface with pair of
folds as continuation from those of dorsal wall of buccal
mass (Fig. 179); thispair of foldsgradually diminishin pos-
terior esophagus, where four to six additional, longitudinal
similar sized folds gradually appear. Stomach slightly coni-
cal and large (Figs. 165, 181). Esophagusinsertsin ventral-
posterior region of stomach. Duct to digestive gland single
and large, located in middle level of posterior gastric sur-
face. Inner gastric surface (Fig. 184) only with pair of longi-
tudinal folds separating intestinal and style sac branches
(grooves) of anterior stomach half; this pair of folds sur-
rounds posterior limit of style sac and connect with each
other on opposite side. Intestinal groove of stomach much
narrower than style sac one. No style present. Digestive
gland brown in color. Intestine appears after gradua con-
striction of style sac, suddenly crosses sinuously from left
toright regions of anterior visceral massthrough gonad and
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digestivegland (Fig. 181); inright extremity of visceral mass
encroached in pallial cavity suddenly towards left, edging
anterior border of kidney, part exposed in pallial cavity; close
togill newly towardsright, running parallel toits preceding
loop up to anus. This last intestinal loop stays as anterior
margin of visceral mass. Anus small, siphoned, located in
right region of pallial cavity near to pallial oviduct base.

Genital system. Development. Protandric hermaphro-
dite, with al smaller specimens male (however, few small
specimens were available). Egg capsules and spawn see
Banddl (1976: 263, fig. 19).

Male(Fig. 182). Testisand semind vesiclesimilar lo-
cated asthose of Crepidula spp. Seminal vesiclewhite, with
up to two coils, opensinto pallia cavity right-posterior re-
gion by small papilla. Pallial sperm groove, from thispapilla
to penis base, shallow and narrow, clearer anteriorly. Penis
very long (about three times head length), its basal two-
thirdsnarrow, of uniformly width; itsdistal 1/3 broader, ellip-
tical, spoon-like. Penis spermatic groove slight broad, mainly
on apical region.

Female(Figs. 168, 180, 183). Ovary larger thantestis,
color pale beige (in fixed animals), located also in anterior
region of visceral mass. Visceral oviduct slightly short.
Gonopericardia duct similar to those of Crepidula, except
that connects with visceral oviduct at some distance from
pallia oviduct. Pallial oviduct somewhat small, located in
right extremity of pallial cavity, closeto mantle border (Figs.
168, 183). Albumen gland small, dlliptical, sac-like, only con-
nected with vaginal tubein itsanterior extremity; right sur-
face of thisgland connected to capsule gland. Capsulegland
aslarger structure, broad, elliptical, thick glandular walled;
its lumen broad, dorso-ventrally flattened, connected with
vaginal groove. Vagina groove anterior extremity amply
opened (female pore), connected to mantle. From genital
pore a fold runs towards posterior and inserts in mantle
border. Most females possess small penis about half sized
asthose of males(Figs. 167, 180).

Central nervoussystem (Fig. 172). Similar to those of
Crepidula species, with ganglia proportionally large, close
with each other. Located posterior in haemocoel far from
buccal mass.

Habitat. On hard substrates, from 5to 101 m depth.
Distribution. From North Carolina, USA, to Uruguay.

M easurementsof shells(inmm). MZSP30843,3, 3.6
by 1.6; MZSP 30845, 4.5 by 2.0; MZSP 30846, R, 7.4 by
30,2 6.6by2.9.

Material examined. BRAZIL ; S50 Paulo; Ubatuba(In-
tegrated Project — IOUSP, R.V. Veliger Il col.); 23°30'S
44°54' W, 42m depth, MZSP 30841, 23\(Sta. 26, 21/iv/1986);
23°24' S45°07' W, 20m depth, MZSP 30823, 6 specimens (Sta.
21,18/iv/1986); 23°34' S44°48' S, 44m depth, MZSP 30825, 4
specimens (Sta. 17, 22/i/1986); 23°36.2' S44°39.5' W, 50m

depth, MZSP 30826, 22 specimens (Sta. 4946, 26/vii/1986);
23°39' S45°04' W, 36m depth, MZSP 30839, 8 specimens (Sta
11, 20/i/1986); 23°39’ S45°16' W, 16m depth, MZSP 30836,
B(Sta. 24, 18/iv/1986); 23°39' S44°53' W, 45m depth. MZSP
30838, 13(sta. 25, 20/iv/1986); 23°41’' S45°15' W, 17m depth,
MZSP 30840, 1S(Sta. 33, 10/vii/1986); 23°43 S45°13'W, 20m
depth, MZSP 30828, 2 specimens (Sta. 15, 21/i/1986); 23°45'S
44°57' W, 48m depth, MZSP 30837, 13(Sta. 28, 9/vii/1986);
23°45 S45°00' W, 46m depth, MZSP 30842, 13(Sta. 19, 20/iv/
1986); 23°46'S 45°09' W, 35m depth, MZSP 30843,3 3,
2@ (Sta 32, 10/vii/1986); 23°47'S 45°10' W, 35m depth,
MZSP 30821, 1aMZSP 30835, 2 specimens (Sta. 14, 21/i/
1986); 23°47' S45°13' W, 36m depth, MZSP 30845, 13 (Sta
23,19/iv/1986); 23°47' S45°58' W, 47m depth, MZSP 30835, 5
specimens (Sta. 4854, 17/xii/1985); 23°47' S44°58.2' W, 50m
depth, MZSP 30831, 6 specimens (Sta. 4949, 27/vii/1986);
23°49 S44°39.4' S, 77m depth, MZSP 30822, 4 specimens (Sta
4947, 26/vii/1986); 23°50' S45°10' W, 40m depth, MZSP 30829,
3 specimens (Sta. 22, 19/iv/1986); 24°08'S 45°01' W, 76m
depth, MZSP 30833, 1 specimen (Sta. 4858, 18/xii/1985);
24°08.5' S45°01.5'W, 79 m depth, MZSP 30824, 2 specimens
(Sta. 4953, 28/vii/1986); 24°13.1' S44°45.2' W, 117m depth,
MZSP 30827, 14 specimens, MZSP 30832, 9 specimens (Sta.
4951, 27/vii/1986); 24°22' S 44°54' W, 102m depth, MZSP
30830, 1 gpecimen (Sta. 4859, 18/xii/1985); 24°22' S44°54.5'W,
101m depth, MZSP 30844, 3 specimens (Sta. 4954, 29/vii/
1986); Anchietalsland, MZSP 30840, 24 specimens (28/ii/
1962).

Discussion. Ca. centralisis very similar to the type
species of the genus, Ca. chinensis (Linné). Giese (1915)
studied the genital system of this species. Ca. centralis
differs from Ca. chinensis by simple fashion of penis tip
(lacking the special fold and papilla) and by lacking seminal
receptaclein pallial oviduct (Giese, 1915, pl. 8, figs1a, b).

Genus Crucibulum Schumacher, 1817

(Type species: C. rugosa-costatum Schumacher =
Patella auricula Gmelin, 1791)

Crucibulumauricula (Gmelin, 1791)
(Figs. 15-17,58, 59, 185-206)

Patellaauricula Gmelin, 1791: 3694.
Calyptraea (Calypeopsis) auriculata: Orbigny, 1845: 461.

Crucibulumauricula: Abbott, 1954: 169 (pl. 21s); Warmke
& Abbott, 1961: 86 (pl. 15, fig. n); Rios, 1970: 55; 1975: 65
(pl. 17, fig. 263); Bandel, 1976: 263; Rios, 1985: 59 (pl. 21,
fig. 264); Penchaszadeh, 1985: 237; Jong & Coomans,
1988:62; Rios, 1994: 71 (pl. 24, fig. 275); Merlano &
Hegedus, 1994: 160 (pl. 50, fig. 584); Abbott & Morris,
1995: 180 (pl. 49).
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Figures 185-189, Crucibulum auricula anatomy: 185, female extracted from shell, dorsal view; 186, same, ventral view;
187, visceral mass and pallial cavity roof, ventral view, mantle sectioned ventrally to expose inner structures; 188,
head-foot, lateral-right view, visceral mass and pallial organs extracted; 189, pallial cavity roof, transversal section of
itsmiddleregion, parallel torectum. Scales=2 mm.
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Figures 190-194, Crucibulum auricula anatomy: 190, pallial cavity and visceral mass, ventral view, seen asjust
extracted from head-foot; 191, anterior region of visceral massand pallial oviduct, ventral view, ventral wall of
pericardium removed; 192, head and haemocoel, ventral view, foot and neck ventral surface extracted, net of
transversal muscles not drawn; 193, buccal mass and adjacent esophagus, lateral-right view; 194, odontophore,
ventral view. Scales=1 mm.
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Figures 195-202, Crucibulum auricula anatomy: 195, dorsal wall of buccal mass and esophagus opened longitudinally,
ventral view; 196, odontophore, dorsal view, superficial layer of membrane and muscles removed; 197, same, ventral
view, only moreinternal muscles exposed cartilages partially deflected; 198, same, dorsal view; 199, same, right side

only, ventral view; 200, same, dorsal-inner view, most of muscles deflected externally; 201, digestive tubes seen if
remainder structures were transparent, ventral view; 202, stomach, ventral view, inner surface exposed by a
longitudinal incision. Scales= 0.5 mm, except 201-202= 1 mm.
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Figures 203-206, Crucibulum auricula anatomy: 203, head-foot of male, dorsal view; 204, detail of apical region of
penis; 205, young specimens found within capsules attached to neck ventral surface; 206, pallial oviduct, ventra
view. Scales=0.5mm, except 205=0.25 mm.
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Crucibulumauriculum: Bandel & Riedel, 1994: 342-343 (pl.
7,fig. 9-10).

Description.

Shell (Figs. 15-17). Limpet-like, conical, low, with
strong radial ridges. Ventral shelly septum conical, inserted
about in center of ventral shell surface (Figs. 15, 17). Ante-
rior margin of ventral plate slightly straight; itsright region
shorter than |eft one. Other detailsin Orbigny (1845).

Head-foot (Figs. 186, 188, 192, 203). Head and neck
regions similar to those of Crepidula spp, including neck
ventral surfaceand |ateral flaps. Tentacles stubby, long, with-
out ommatophores; basal half clearly broader than distal
half. Eyes located in middle-outer region of tentacles.
Haemocoel long and narrow, transverse muscular fibers
scanty. Foot sole planar, its anterior margin covering short
area of neck’s ventral surface, and possessing furrow of
pedal gland. Foot dorsal surfacevery tal, conic, with rounded
tip, solid-muscular (Fig. 188); this region fits inside shell
septum. Posterior and lateral edges of foot sole connected
to mantle (surrounding shell ventral plate border); anterior
edge connected to visceral mass (&l so surrounding anterior
border of shell septum). Columellar muscle (or muscle at-
tached to anterior shell septum edge) very thin, almost miss-
ing, some transversal muscular fibers in anterior edge of
shell ventral plate, more clear at right. Columellar muscle
weakly proportionally larger in small specimens (Fig. 203).

Mantleorgans(Figs. 185-187, 189, 190). Mantle cov-
ersentire ventral surface of shell and also presents another
region from shell margin to border of its ventral plate, re-
stricting pallial cavity. Mantle, in shell ventral plate border,
insertsin lateral and posterior region between foot sole and
its dorsal surface; very thin mantle portion also coversdor-
sal surface of foot, which secretes ventral surface of shell
ventral plate. Dorsal shell muscle present, inserts just ante-
rior to shell septum, close median line; itsfibers spread like
fan for a short distance and connect in adjacent region of
mantle (Fig. 185). Lateral shell musclesmall, locatedin shal-
low furrow between posterior and anterior ends of pallial
cavity (Figs. 185-187, 190: Im). Pdllid aperturereatively small
(Fig. 190), if animal iscompared to aclock, it beginsat 12 and
finishesat 2 0’ clock. Pallial cavity occupies space between
shell ventral surface and dorsal surface of the septum (ex-
cept a portion at right side occupied by visceral mass); in
larger specimens, pallial cavity “posterior” end touches an-
terior end, becoming almost completering (thereisno com-
muni cation between both extremities), separated by shallow
furrow (Figs. 187, 190). In smaller specimensalarger space
between both extremities of pallia cavity. Osphradium long,
bipectinate, parallel to mantle border, occupying left half of
pallial aperture. Osphradium lesfletsslightly thick. Gill very
large, continuesall along circular pallial cavity. Gill anterior
extremity on mantle border, located near right border of pal-

lial aperture. A slight tall fold beginsin gill anterior extrem-
ity, runs on mantle border towards left, and finishes close
right extremity of osphradium (Fig. 187). Ctenidial vein edges
outer margin of gill and pallial cavity, with uniform width
aong its length. Endostyle narrow, running in ventral sur-
face of ctenidia vein (Fig. 189); its anterior and posterior
end just closeto those of gill. Gill filamentssimilar to those
described for Crepidula spp., with tall, rigid straight rod;
apical region of rod thicker, connected with same region of
neighbor filaments by cilia. Posterior and middle gill fila-
ments amost of same length, in anterior region they gradu-
aly lengthen; closeto anterior extremity they suddenly be-
come short, with gill axisturned forward. Between gill and
shell ventral plate (in posterior 1/3) and between gill and
visceral mass (in anterior 2/3 of pallial cavity length) very
narrow space without detectable hypobranchial gland.

Visceral mass (Figs. 187, 190, 191). Surrounds left
and posterior regions of outer surface of shell septum. If
compared to a clock, begins at 3 and finishes at 8 o' clock,
broader initsmedian region. Large stomach as central struc-
ture. Digestive gland surrounds stomach, mainly initsven-
tral and posterior surfaces. Gonad occupies anterior region,
mainly close to region where visceral mass connects with
head-foot. Pericardium, last intestinal loop and pallial ovi-
duct as outer limits of visceral mass.

Circulatory and excretory systems(Fig. 191). Peri-
cardium extremely narrow and long, beginsin posterior end
of pallial cavity, contours posterior region of gill, runs edg-
ing inner margin of pallial cavity posterior region, also outer
margin of visceral massup to oppositeside of pallial cavity,
in thisfinal region pericardium enlarges. Auricle very nar-
row and long, with same length as pericardium; in its final
portion stay external to ventricle. Ventricle elliptical, thick
walled, connected not in auricle end, but before it, having
portion of auricle beyond ventricle connection as blind-sac.
Approximately in opposite side of ventricle connection, ori-
gin of anterior and posterior aortas, similar to Crepidula
spp. Kidney very small, dorso-ventrally flattened, almost all
solid-glandular; located just in right border of pericardium,
compressed dorsally by digestive gland. Nephrostome a
small dlit in left region of membrane between kidney and
pallia cavity.

Digestive system (Figs. 192-202). Buccal mass char-
acters similar to those of Crepidula spp, differences or no-
table features following. Jaw plates broad, slightly thicker.
Pair of dorsal inner folds of buccal mass broad, between
both ashallow groove (Fig. 195). Aperture of salivary glands
slightly ample, transversal, located posterior, amost at level
of septum that separates esophageal from odontophoric part
of buccal mass. Odontophore muscles (Figs. 193-200) very
similar to those described for Crepidula, except for smaller
and thinner horizontal muscle (m6) and m14, and space sepa-
rating insertions of m6 from m8 and m4. Radula(Figs. 58, 59)
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similar to those of Crepidula spp.; rachidian tooth with five
to seven triangular cusps, central cusp about double size of
neighboring cusps; lateral tooth with eight to 10 triangular
cusps, second or third cusp larger and apical (about three
times neighboring cusp width), lateral half of tooth edge
smooth, somewhat thick; marginal teeth long, tall, slender,
apex sharp and curved, about five sub-terminal, triangular
cusps in inner edge; outer marginal tooth more flattened
and about twice broader than inner marginal tooth. Salivary
glands narrow and long, with about same length as buccal
mass (Figs. 192, 195). Esophagus narrow and long. Anterior
esophagus with pair of broad longitudinal folds as continu-
ation of those of dorsal buccal masswall. Posterior esopha-
guswith four or fivesimilar sized longitudinal folds, two of
them are continuation (but narrower) of those from anterior
esophagus. Stomach large, long, dightly elliptical (Figs. 201,
202). Esophagusinsertsininner-ventral surface of stomach.
Duct to digestive gland narrow, single, located near to esoph-
ageal insertion, slightly closer to intestinal portion of stom-
ach. Stomach inner surface (Fig. 202) with tall, transversal
and narrow fold located just ventral to esophageal inser-
tion; other low and long folds runs from dorsal region of
esophageal aperture towards posterior, in blind-sac portion
of stomach suddenly faint. Gastric shield ample, circular,
thin, located in opposite side of esophageal aperture just
posterior regionto stylesac. A pair of low, longitudinal folds
separateintestinal from style sac branches of stomach, simi-
lar to those described for preceding species; intestinal
branch very narrower. Intestinal loops simpler to those of
Crepidula spp. (Figs. 191, 201); after steep end of style sac,
intestine suddenly runs anteriorly parallel to stomach axis,
at level of end of stomach, suddenly turns towards poste-
rior and runs paralel, external and close to its preceding
loop aong about half of its length, where suddenly turns
towards anterior; thisfinal loop runs parallel, external and
close to preceding loop for about 2/3 of its length, up to
anus. Several small, elliptical fecal pelletsfill intestinal lu-
men. Anus small, siphoned, located in pallial oviduct base,
inright extremity of palial cavity (Fig. 191).

Genital system. Development. Protandric hermaphro-
dite, with all examined small specimens male (but few small
specimens were availabl€). Some specimens present one or
two spherical capsulesweakly attached to neck ventral sur-
face, within each capsule about 15 young specimensin same
developmental stage, without operculum (Fig. 205). Other
detailsof capsulesin Bandel (1976: 263).

Male (Figs. 203, 204). Testis very small, situated in
posterior-ventral region of visceral mass, from which very
narrow sperm duct runs towards anterior. Seminal vesicle
with severa coails, color clear beige, located almost on oppo-
site side than testis, in anterior extremity of visceral mass,
opens to pallia cavity in middie level of right surface of
pallia floor. Pallial sperm groove very shallow, difficult to
see. Penis very long (about same length as that of head-

foot), coiled within pallial cavity. Penisoriginjust posterior
to right tentacle. Peniswith uniform width along its length,
tip rounded. Penis sperm groove run in central region of
penis ventral surface, finished at some distance from tip.

Female(Fig. 206). Ovary large, color cream, occupies
anterior and ventral regionsof visceral mass (Figs. 185, 190,
191). Visceral oviduct runson visceral massventral surface
towards anterior and right. Gonopericardial duct long, nar-
row, runsfrom right extremity of pericardium towardsright,
joining with oviduct where it insertsin albumen gland. Al-
bumen gland long, thick walled, duct central, slight broad.
Series of four seminal receptaclesinsertsin anterior surface
of albumen gland, central vesicleslarger. Capsulegland large
(about twice albumen gland size), wallsvery thick, irregular,
glandular. Capsule gland lumen broad, dorso-ventrally flat-
tened, as blind-sac. Both lumen of albumen and capsule
glands unite with each other anteriorly forming short vagi-
nal tube. Genital poresmall, intip of small papilla

Habitat. On hard substrates, mainly shells of other
molluscs, fromintertidal to 79 m depth.

Distribution. From North Carolina, USA, to Paraiba,
Brazil.

M easur ementsof shells(inmm). MZSP 30818, 21,
6.6by 27.8:22,6.8by 26.2;25, 7.1 by 24.7, MZSP30819,24,
6.7by 25.4.

Material examined. VENEZUELA; IdaMargarita
(Simone col.); Between Ponta Mosquito and Isla Coche,
MZSP 30818, 33, 8 R (6/ii/1995); Pedro Gonzales, Playa
Puerto Cruz, MZSP 30819, 4Q(4/1i/1995); Porlamar, Guaraguao
Bay, PlayaBellaVista, MZSP 30820, 33, 3% (2/ii/1995).

Crucibulum quiriquinae (Lesson, 1830)
(Figs. 18, 19, 68, 69, 207-226)

Crucibulumquiriquinae: Keen, 1971: 463; Véizetal., 2001:
527-533 (fig. 2a-€, 3a-C).

Description.

Shell (Figs. 18, 19). Similar tothat of C. auricula, but
larger (up to 35 mm) and taller. Sculpture several radial, low
ribs. Shell ventral plate also similar to C. auricula. Other
detailsin Keen (1971) and Vélizet a. (2001).

Head-foot (Figs. 209, 211). Very similar to that of C.
auricula, including neck ventral surfaceandtall, conic, solid
foot. Distinctive features following. A tall fold runsin left
surface of pallial floor and dorsal surface of head, from pos-
terior to anterior, suddenly faint in snout base. Tentacles
with small ommatophores in its middle-outer region.
Haemocoel with net of transverse muscle small, but differ-
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Figures 207-210, Crucibulum quiriquinae anatomy: 207, pallial cavity roof, ventral view, mantle sectioned in ventral
surface for exposition of inner structures; 208, same, detail of region between anterior extremity of gill and
osphradium; 209, head-foot, female, dorsal view, that longitudinal fold of right side of head present in all examined
specimens; 210, pallial cavity roof, transversal section of itsmiddleregion, parallel to rectum. Scales=2 mm.
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Figures 211-217, Crucibulum quiriquinae anatomy: 211, head and haemocoel, ventral view, foot and neck ventral
surface extracted, snout opened longitudinally; 212, whole view of visceral mass and adjacent anterior region of
pallia cavity, ventral view, heart seen by transparency; 213, buccal mass and adjacent esophagus, lateral-right view;
214, odontophore, dorsal view; 215, same, ventral view, mj not symmetrically extracted; 216, same, lateral-right view;
217, kidney and pericardium, ventral view, ventral wall of pericardium extracted, ventral wall of kidney sectioned
longitudinally and deflected downwards. Scales=1 mm.
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Figures 218-226, Crucibulum quiriquinae anatomy: 218, odontophore, dorsal view, superficial membrane and muscles
removed, most of muscles deflected, part of left side of subradular cartilage also removed (only insertions of muscles
preserved), mt sectioned and deflected; 219, same, before section of mt and sc; 220, same, only left structures, most

of muscles deflected for cartilage exposure; 221, same, dorsal view, most of muscles deflected; 222, nervering,
ventral view; 223, same, |ateral-right view, only one statocyst shown; 224, pallial oviduct, ventral view, anus also
shown; 225, digestive tubes, ventral view, seen if remainder structures were transparent, 226, stomach opened
longitudinally, ventral view. Scales=1 mm.
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entiable; not passing through salivary gland (Fig. 211).

Mantleorgans(Figs. 207, 208, 210, 212). Mantle bor-
der characters similar to those of C. auricula, inclusive re-
striction of lateral and posterior regions of palial cavity.
Mantle border more complex in region of mantle aperture,
withfoldsshowninfig. 208. Arrangement and characters of
pallia organs similar to those of C. auricula. Osphradium
bipectinate, located inleft half of pallia aperture. Osphradium
leafletsdlight thick, anterior filaments shorter than posterior
ones. Gill anterior extremity on mantle border, almost straight,
far from osphradium. Endostyle tall, on ventral surface of
ctenidial vein (Fig. 210). Hypobranchia gland more devel-
oped, runs as low ridge in anterior area between gill and
visceral mass.

Visceral mass (Figs. 207, 212). Similar to that of C.
auricula.

Circulatory and excretory systems(Figs. 212, 217).
Pericardium and heart characters similar to those of C. au-
ricula, with extremely long auricle, but ventriclelocated more
anteriorly. Kidney larger and more complex than that of C.
auricula. Inner renal space almost entirely filled by several
irregular, glandular folds, no clear separation in lobes. Kid-
ney stays compressed between gonad and adjacent intesti-
nal loop. Ventral membrane that separates kidney from pal-
lial cavity amost entirely free from glandular folds. Neph-
rostome a small glit in posterior (Ieft) region of this mem-
brane.

Digestivesystem (Figs. 211, 213-215, 218-221, 225,
226). Bucca masscharacters(Figs. 211, 213) similar tothose
of C. auricula, except that dorsal wall inner surface pre-
sents aperture of salivary glands more anterior (closer to
jaws) and longitudinal disposed. Buccal mass and
odontophore muscles also similar to those of Crepidula
sppand C. auricula (Figs. 211-215, 218-221), but with stron-
ger muscles; m6 (horizontal muscle) broader and thicker,
withinsertion closer to m8 and m4 origins; m3 pair of small
muscles, origin in posterior-medial region of odontophore,
runs dorsally covered by mt, inserts on subradular mem-
brane dorsal margin; mj thicker, with two muscular layers.
Radula(Figs. 68, 69) similar to that of C. auricula; rachidian
tooth with five to seven triangular cusps, central cusp with
about three times width of neighboring cusps; lateral tooth
with about seven cusps, second or third cusp apical and
very large (morethan three timeswidth of neighboring cusps
); marginal teethwith long, sharp apical region without cusps,
three or four sharp cusps located in inner edge, on base of
tooth apex (about in 2/3 of their length). Esophageal charac-
tersasthose of C. auricula. Stomach location similar to that
of C. auricula. Stomach characters, however, differsby (Figs.
225, 226): stomach form much longer and more slender,
esophagus and two or three ducts to digestive gland con-
nect about in middle region of gastric posterior surface
(esophagus at right) close with each other. Stomach inner

surfacewith pair of parallel foldsin dorsal surface of gastric
bind-sac portion, one of them originates in esophageal ap-
erture. Gastric shield proportionally small, just in beginning
of style sac portion of stomach. Intestinal and style sac
branches of stomach long — about twice of remainder gas-
tricregionslength. Both branches separated from each other
by pair of longitudinal folds, dorsal fold tall, ventral fold
double and slender, both components of ventral folds con-
nects close to digestive gland ducts as small ring, distally
(inlevel where style sac finishes) fused to each other. Style
sac with series of low transversal folds covered by chitin.
Intestinal loops similar to those of C. auricula (Fig. 225),
but with first portion (running parallel to stomach) much
longer and more slender. Last intestinal loops replete with
small, elliptical fecal pellets. Anusbroad, siphoned, closeto
pallial oviduct base (Figs. 207, 212).

Genital system (Fig. 224). Only females examined.
Ovary concentrated in anterior-left region of visceral mass,
where it connects with head-foot (Figs. 207, 212). Visceral
oviduct and gonopericardial duct similar to those of C. au-
ricula, both very long and slender. Pallial oviduct charac-
tersalso similar to those of C. auricula, differing by: fewer
seminal receptacles connected to albumen gland (only two);
vaginal tube very longer (extends after connection of albu-
men and capsule glands), has secondary diverticulum lo-
cated in its posterior region turned towards capsule gland.
Genital poresmall, in apex of small papilla.

Nervoussystem (Figs. 211, 222, 223). Similar tothose
of Crepidula spp. In having large, concentrated ganglia
Differsin having additional ventral connective contouring
esophagus, just posterior to connective of pedal ganglia.
This additional connective apparently connects both pari-
etal ganglia, but further studies are still necessary.

Habitat. SeeVéizeta. (2001).
Distribution. South Peruto Chile.

M easur ementsof shells (inmm). MZSP 30817,21,
16.4by 30.5;2 2, 22.0 by 32.9.

M aterial examined. CHILE, MZSP30817, 32

Discussion. Vélizet a. (2001) have pointed out that in
Chilethereare 2 speciesidentifiableas C. quiriquinae. The
shells of the specimens examined here are similar to their
called “population 1", typical for the species.

Genus Trochita Schumacher, 1817
(Type species: Patella trochiformis Born)

Trochitatrochiformis(Born, 1778)
(Figs. 20, 21,72, 73,227-251)
Ancient synonymy in Orbigny (1846: 461). Complement:
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Figures. 227-232, Trochita trochiformisanatomy: 227, wholeview of afemal e extracted from shell, dorsal view; 228,
same, ventral view; 229, pallial cavity and visceral mass, ventral view, head-foot extracted; 230, head-foot, dorsal
view; 231, same, frontal view; 232, pallial cavity roof, transversal section tangential to rectum. Scales=5mm.
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Figures. 233-236, Trochita trochiformisanatomy: 233, pallial cavity, ventral-inner view, visceral masslyinginfloor of
this cavity deflected to left, somegill filamentsin central gill region removed; 234, same, detail of the osphradium and
gill anterior end; 235, kidney and pericardium, ventral view, both sectioned longitudinally with inner structures
exposed, adjacent surface of pallial cavity roof also shown; 236, head and haemocoel, ventral view, foot removed.
Scales=2 mm, except 233=5mm.
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Figures. 237-245, Trochita trochiformisbuccal mass: 237, buccal mass, dorsal view; 238, same, ventral view; 239 same,
dorsal view, dorsal wall of buccal mass extracted; 240, dorsal wall of buccal mass, ventral-inner view, anterior
esophagus opened longitudinally; 241, odontophore, dorsal view, mt and m9 sectioned and deflected in right side;
242, same, ventral view, superficial membrane removed; 243, same, dorsal view, left half only, most muscles deflected;
244, same, right side only, most musclesin situ; 245, same, ventral view, right side only, most musclesin situ. Scales
=1mm.
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Figures. 246-251, Trochita trochiformisanatomy: 246, odontophore, dorsal view, left half only, several muscles
sectioned close to their base; 247, middle and distal digestive tubes, ventral view, seenin situ if remainder structure
were transparent; 248, stomach, ventral view, opened by means of alongitudinal incision along its ventral side, inner

surface exposed; 249, visceral mass, male, ventral view, posterior part of pallial cavity aso shown; 250, pallia
oviduct, ventral view, anterior portion of visceral structures, anus, and atransversal section in indicated level also
shown; 251, head and neck, male, dorsal view. Scales=1 mm.
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Calyptraea (Trochatella) trochiformis: Orbigny, 1846: 464-
642 (pl. 59, fig. 3).

Calyptraea (Trochita) trochiformis: Keen, 1971: 456 (fig.
804).

Trochitatrochiformis: Abbott, 1974: 143.

Description

Shell (Figs. 20, 21). Slightly trochiform, conical, [ow,
up to 4 whorlswith almost straight profile. Spire paucispiral
occupying about half of shell area. Sculpture severa radial
and irregular ridges. Periphery of shell septum extending
little beyond whorls limit (similar to Xenophora species).
Columella present, sinuous. Ventral surface of whorls al-
most straight. No umbilicus. Other details in Keen (1971:
456).

Head-foot (Figs. 228, 230, 231, 236, 251). Head and
neck regionssimilar to those of preceding species, with slight
retractile snout, neck ventral surface, lateral lappets and
shallow food groove. A low, narrow fold runslongitudinally
along left-dorsal side of most specimens. Foot a broad cy-
lindrical muscular mass, ventral surface plane; dorsal sur-
facespird, increas ng right-anteriorly. Columellar musclewel l-
developed, tall, triangular (Figs. 230, 231), located approxi-
mately at middle of foot right side; attached along shell col-
umella. Dorsal surface of foot covered by thinlayer of mantle,
which extends, slightly thickened, little beyond dorsal foot
margins. Sloped between this dorsal foot margin and foot
sole a considerable distance, longer in columellar muscle
region. Anterior margin of foot short, flap-like, possessing
transversal furrow of pedal glands, extends anteriorly cov-
ered by basal portion of neck ventral surface asin preceding
Species.

Mantleor gans(Figs. 227-229, 232-234). Mantle bor-
der dlight thick, edges entire foot sole and also shell aper-
ture; in left side restricts pallial aperture. If compared to a
clock, pallial aperture begins about at 11 and finishes at 2
o’ clock. Special arrangement of folds in middle-dorsal re-
gion of pallial aperture (Fig. 234). Dorsal shell muscle broad,
located near columellar muscle, dislocated more anteriorly
and medially. Lateral shell muscleslightly small, located in
left-anterior extremity of pallia cavity externa wall, just pos-
terior to mantle border; connects this region of mantle to
inner surface of left extremity of shell aperture (Figs. 227,
229). Pdllial cavity very deep, dightly triangular and curved.
Anterior region broad, larger than pallial aperture; gradually
narrowstowards posterior and | eft, penetrating through vis-
ceral mass by about 8/10 of whorl. Osphradium
monopectinate, long, narrow; located compressed between
gill and mantle border (Fig. 234) at about 2/3 of pallial aper-
ture. Osphradium filaments dlightly broad, rounded, small;
situated edging tip. Gill very large, similar to those of pre-
ceding species. Anterior extremity on mantle border turned
forwardsinright region of pallial aperture. Gill filamentsas

described for other calyptraeids. Hypobranchial gland well-
developed, mainly in anterior half of pallial cavity region
between gill and visceral mass (Fig. 233), also extends, very
thin, to neighboring areas. Visceral mass organs bulging
into pallial cavity described below.

Visceral mass (Figs. 227, 229, 233, 249). With about
Yawhorl within shell spire, triangular, curved, with posterior
extremity turned anteriorly and to left. Its anterior region
divided, dueto pallia cavity, into two portions: ventral and
dorsal (Figs. 229, 233). Ventral portion flattened, broad and
long (about 2/3 of pallia cavity length), situated between
pallial cavity and shell ventral wall, becoming most of pallial
cavity floor; constituted almost only by gonad and small
portion of digestive gland at its posterior limit. Dorsal por-
tion encroaching on pallial cavity roof, similar to those of
Crepidula and Calyptraea. Except “U”-shaped intestinal
loop, this is sigmoid and amply exposed in pallia cavity
roof.

Circulatory and excretory systems(Fig. 235). Heart
characters and location similar to those of Crepidula spe-
cies, but shorter. Auricle also long and tubular, with blind-
sac portion beyond ventricle connection. Kidney yellow-
ish, with two lobes. Ventral lobe broad and tall, with shallow
transversal folds, attached to intestine only in its broader
right region. Dorsal lobe smaller, extends by pallial cavity
roof ascircular mass surrounding nephrostome, radial folded.
Intestine runs along kidney, amost free from its lobes ex-
cept at itsright-anterior limit (as above described), however,
thereisvery thin glandular renal tissue covering its ventral
surface. Nephridial gland slight large, with transversal folds,
coversamost entire membrane between kidney and pericar-
dium chambers. Nephrostome asmall dlit in center of mem-
brane between kidney and pallia cavity.

Digestive system (Figs. 236-248). Foregut characters
similar to those of preceding species (Fig. 236). Buccal mass
very large, itsdorsal wall with two pairsof outstanding jugal
muscles (Fig. 237): m1a) similar to those of preceding spe-
cies but more developed, originin dorsal wall of snout pos-
terior to mouth, inserts deeply in odontophore lateral-ven-
tral region close to m2 insertion; m1b) origin in posterior-
dorsal inner surface of snout, insertion in middle region of
buccal massdorsa wall; mj) thick inventral region and sepa-
rated into two branches, very thin in dorsal region. Inner
surface of buccal mass dorsal wall with pair of broad folds
and shallow dorsal chamber (Fig. 240). Jawsvery thin, broad
and short. Odontophore muscles (Figs. 237-239, 241-246)
similar to those of preceding species, with following distinc-
tive or notabl e features: m2a) broader and shorter, insertion
not direct in cartilages, but in m4, slightly dislocated from
insertion of m2, i.e., does not look to be acontinuation of m2
asin preceding species; mt) inserted in m8 and not in m4;
m4) thinner, originin outer surface of cartilagesand only in
small portion of their median-inner surface, origin amply
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connected with m8 and m2a, contours posterior border of
cartilages, towards medial and anterior, insertsin subradular
cartilage close to radula; m5) also inserts in ventral and
dorsal sidesof radular sacin each side, cover m4 pair intheir
entire posterior surface; m8) much broader, connected with
cartilagesin their lateral border, amply connected with m4
from which is difficult separated; m9) present, m14) pair
lateral located; m20) small and narrow pair, originin m5just
whereitinsertsin m4 and cartilage (in ventral-median region
of odontophore), inserts in subradular cartilage in middle
region of its posterior border. Odontophore cartilages
dlightly thin and narrow. Radulaslightly long — about twice
odontophore length. Radular teeth similar to preceding
cayptraeids(Figs. 72, 73), with following remarks: rachidian
tooth narrow, lacking cusps; lateral tooth with about double
rachidian width, lacking cusps or with about 8 weak and
small cuspsin outer edge; inner marginal tooth tall, curved,
tip pointed, with about 5 weak subterminal cusps in both
sides; outer marginal tooth similar to inner marginal tooth
but with about half of its width, tip sharp pointed, lacking
cusps. Salivary glandstwo small, amorphous massesjust in
posterior and dorsal regions of buccal mass (Fig. 237); in
short distance their ducts penetrates in dorsal wall and run
towards anterior; open after considerable distance, in dor-
sal foldsanterior limit. Buccal ganglion pair small, close me-
dian line (Fig. 239). Esophagus narrow and long. Esoph-
ageal inner surface with six to eight longitudinal, narrow,
similar sized folds, being two of them narrow continuations
of dorsal folds of buccal mass (Fig. 240). Stomach large,
occupies most of visceral mass posterior space (Figs. 229,
233, 249). Stomach form dlight conical-irregular, long, similar
to those of preceding species (Figs. 247, 248). One to two
(closelocated) anterior ducts and slight broad posterior duct
to digestive gland. Style sac and intestine amply connected
with each other, separated only by pair of folds. Stomach
inner surfacewith pair of parallel foldsbeginning from esoph-
ageal and anterior duct to digestive gland apertures, edge
posterior limit of gastric shield, gradually faint in approxi-
mately opposite side of esophageal aperture; intheir middle
region covers posterior duct to digestive gland. Gastric
shield slight large, rounded, located just posterior to style
sac. Digestive gland pale brown, slight small, covers some
portions of stomach and posterior region of gonad. Intes-
tine narrow and sinuous after end of style sac (Figs. 233,
247), crosses gradually from ventral to dorsal region of vis-
ceral mass, becoming slightly broader; cross through kid-
ney and exitsto pallial cavity. In pallial cavity roof presents
two slight ampleloops. Rectum crossfrom left to right sides
up to right-anterior extremity of pallial cavity. Anussiphoned,
close to mantle border.

Genital system. Development. Protandric hermaphro-
dite, with males smaller than 14 mm. Some large specimens
present several balloon-like egg capsules connected by
mucus in neck ventral surface, like other examined

calyptraeids.

Male (Figs. 249, 251). Viscera structures somewhat
similar to those of preceding calyptraeids, testis yellowish,
|located in anterior region of visceral mass. Seminal vesicle
small, with single, weak zigzag; in short distance narrows
and becomes long and slender vas deferens, runs towards
right. Between aperture of vas deferensand penisashallow,
amost straight furrow. Penisvery small and simple, (about
half of tentacleslength); tip rounded, lacking papilla. Penis
groove running along central region of ventral surfaceupto
penistip.

Female (Fig. 250). Ovary orange, mainly located in
ventral-anterior portion of visceral massencroaching pallia
cavity (Fig. 229). Connectswith pallial oviduct initsright-
anterior border by very short duct. Long gonopericardial
duct, similar to those of preceding species aso inserts in
this position. Posterior-ventral limit of pallial oviduct is a
large sac with irregular, narrow, white glandular folds. Re-
mainder of pallial oviduct long, tubular, thick glandular. Al-
bumen gland a short posterior portion, beigein color. Cap-
suleglandlong, white, with series of dightly regular spaced,
deep, transverse furrows converging on right border, where
vaginal furrow runs. A slightly long vaginal tube anterior to
capsule gland in form of tall papilla. Papillatip possesses
genital pore, slightly far from anus.

Habitat. Sedentary on hard substrates.
Distribution. From Ecuador to Chile.

M easur ementsof shells(inmm). LACM 75-152, 12.6
by 29.4; LACM 75-41, R (larger), 24.5 by 50.0; LACM 75-
14,33, 4.2by 14.7.

Material examined. CHILE. Antofagasta;
Antofagasta, Aulacomya beds NW of Mgjillones, 23°02;S
70°31’' W, 10-30 m depth, LACM 75-21, 12 (J.H. McLean;
Sebens & Suchanek col., 11/x/1975, sta. 12); Piura beds at
south end of the city, 23°42'S 70°27'W, LACM 75-15,
23 ,29(JH.McLean & J. Tomicialeg., 5-6/x/1975, $a. 6).
Tarapaca; Cumbres Borascosas (S. of Iquique), 20°42'S
70°11.5'W, LACM 75-14, 132 QJH.McLeanleg.; sta. 5; 3/
x/1975, intertidal). Chiloe; Gulf of Corcovado, W. of Isla
Talcon, Pomalin, 42042’ S72°52' W, LACM 75-41, 8 dry speci-
mens(J.M. McLeanleg.; sta. 31; 4-6/xi/1975; intertidal)

Genus Sgapatella Lesson, 1830

(Type species. Calyptraea novozelandiae Lesson,
1830

Sgapatella calyptraeformis(Lamarck, 1822)
(Figs. 22,23, 74,75, 252-263)

Synonymy seePritchard & Gatliff (1900: 199), Hedley (1913:
288). Complement and remarkable data:
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Figures. 525-257, S gapatella cal yptraeformis anatomy: 252, femal e extracted from shell, whole dorsal view; 253, same,
ventral view; 254, head-foot, dorsal view; 255, pallial cavity, ventral-inner view, visceral masslying in floor of this
cavity deflected to left, some gill filamentsin several gill regionsremoved; 256, pallial cavity roof, transversal section
tangential to rectum; 257, right and posterior regions of pallial cavity roof, ventral-inner view, ventral wall of
pericardium removed, somerenal structures seen by transparency. Scales=2 mm. Lettering: c1, projection of mantle
adjacent to shell umbilicus; c2, repugnatorial gland.
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Figures. 258-263, Sigapatella calyptraeformisanatomy: 258, pallial cavity, ventral-inner view, detail if itsanterior
region; 259, buccal mass and anterior esophagus, ventral-lateral -l eft view; 260, middle and distal digestive tubes,
ventral view, seen in situ if remainder structure were transparent; 261, odontophore, dorsal view, mt and m9 sectioned
and deflected in right side; 262, same, ventral view, central region partially opened showing inner structures; 263,
same, completely open, m6 sectioned, left m5 (right in fig.) shown still connected to radular sac, |eft cartilage deflected
showing structures dorsal toit. Scales= 1 mm. Lettering: ¢3, osphradium nerve.
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Trochus calyptraeformisLamarck, 1822: 12.

Crepidula tomentosa Quoy & Gaimard, 1835: 419 (pl. 72,
figs1-5).

Trochita calyptraeformis: Tenison-Woods, 1879: 38.

Calyptraea calyptraformis: Pritchard & Gatliff, 1900: 199;
Wells& Bryce, 1985: 58.

Calyptraeatomentosa: Tate & May, 1901: 376.

Sgapatella calyptraeformis: Smith, 1915: 83; May, 1921:
57,1923 (pl. 26, fig. 17); McMichael, 1960: 68; Garrard,
1961: 11; Macpherson & Gabriel, 1962: 130 (fig 155);
Oliveiraetal., 1981: 113; Wilson, 1993: 163 (pl. 22, figs.
123, b).

Description.

Shell (Figs. 22-23). Similar characters to those of
Trochita, with spire, columellaand ventral surface concave.
Differs by narrow and deep umbilicus lying by side of col-
umella. Other detailsin abovereferences.

Hear-foot (Figs. 253, 254). Very similar charactersto
those of preceding calyptraeid species, including long neck,
neck lobes, neck ventral surface and propodium projected
and flat. Posterior half of foot similar to those of Crepidula
inbeing flattened and plane. Columellar musclelarge, dightly
spiral; thick, right side broad and tall, insertsin columellaat
about half whorl; gradually narrowstowards center and | ft,
becomes thin, lying ventral margin of shell aperture. Left
extremity of thisregion of columellar muscle connectswith
inner surface of shell aperture and may be homologous to
lateral shell muscle. A narrow and tall pallial fold just poste-
rior to columellar muscle right side, inserted in dorsal sur-
face of foot, inserted inside umbilicus. Dorsal muscle ab-
sent. Transverse net of muscles of haemocoel well-devel-
oped.

Mantle organs (Figs. 252, 255-258). Mantle border
thick, withtall fold inleft extremity of pallial aperturerestrict-
ing it (Fig. 258). Another tall fold just anterior to gill end,
siphon-like, faint at | eft, tall, projected and semi-circular at
right. Pallid cavity similar to those of remaining calyptraeids,
deep, conic and dlightly flat. Osphradium bipectinate, long
and narrow, length littlemorethan 1/3 of pallial cavity aper-
ture (Figs. 255, 258). Osphradium leaflets thick and small,
anterior leaflets shorter than posterior leaflets. Right
osphradium end just at base of a siphon-like fold. Gill and
endostyle features similar to those of Trochita (Fig. 256).
Hypobranchia gland very thin, inconspicuous. Visceral part
encroaching right region of pallial cavity long and flat, each
organ described below.

Visceral mass(Figs. 252, 255). With characterssimi-
lar to those of Trochita, including ventral region as floor of
pallia cavity filled by orange gonad.

Circulatory and excretory systems(Fig. 257). Heart

attributes similar to those of preceding calyptraeids, auricle
very long and slender, with broad portion beyond ventricle
connection. Pericardium triangular, located posterior to kid-
ney, ventriclelocated at right. Kidney large, somewhat rect-
angular and dorso-ventrally flattened; presents 2 regions:
anterior region solid-glandular, pale beige, with tissue con-
nected to dorsal and ventral walls and also local intestinal
loops; posterior region mostly hollow, white, with several
inner folds in dorsal wall connected to tissue of anterior
region. Nephrostome asmall slit located in middle-anterior
level of posterior kidney (hollow) region. Nephridial gland
inconspicuous.

Digestive system (Figs. 259-263). Buccal mass char-
acters similar to those of preceding calyptraeids (Figs. 259,
261-263), distinctive or notablefeaturesfollowing. Mj thick
and broad, almost half of buccal massvolume; mcand m10
pair thin, m10 as ventral part of mc; mla absent; m2a pair
not differentiated; m4 m5 and m9 similar; m6 narrow and
very thin; m7 pair narrow and long, originin dorsal branch
of m4 anterior-median edge, runstowards posterior attached
to subradular membrane, insertioninside of radular sac close
to radular nucleus; m8, thick and broad cover outer surface
of cartilages, m11 pair narrow, originin ventral inner surface
of haemocoel just posterior to buccal mass, run towards
dorsal, penetrate in odontophore jointed with radular sac,
short branch connects with adjacent region of m4, after run
attached to subradular membrane up to its anterior-median
region; m12 pair small and short, originin anterior extremity
of odontophore cartilages, insertion in subradular cartilage
|ateral-anterior surface; m14 pair similar, but laterally located.
Radular sac short (not extended beyond odontophore) and
narrow. Radular teeth (Figs. 74, 75): rachidian tooth narrow,
withabout 9 smdll, dightly irregular cusps, lateral tooth broad
(about 4 times broader than rachidian), curved inwards, tip
dlightly rounded, cusps small and irregular, about 4 ininner
edge and 18 in outer edge; inner and outer marginal teeth
similar with each other (outer marginal weakly narrower),
curved, tip rounded several very small cuspsin inner edge,
2 to 5 long cusps in outer edge (cusps far from distal end).
Buccal ganglialarge, located closeto median line (Fig. 259).
Salivary glands short, slender, curved towards ventral, edg-
ing buccal mass posterior surface (Fig. 259). Dorsal wall of
buccal massinner surface and esophaguswith similar char-
acters as those of preceding species, inner folds tall and
with irregular surface. Stomach dlightly spherical, esopha-
gus inserts in posterior-left region (Fig. 260). Ducts to di-
gestive gland large, double, located on each side of esoph-
ageal insertion in gastric ventral surface. Posterior duct to-
wardsright, anterior duct with T-fashion. Intestine-style sac
narrow and long; after stomach, narrows gradually towards
anterior and left, amply connected to each other, separated
by pair of longitudinal folds. Gastric inner surface smooth,
without special folds. Intestine, after style sac end, narrow
(Fig. 260), runssinuously towardsright initially immersedin
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digestive gland, contours posterior, right and part of ante-
rior kidney edges, possesses weak loop inside kidney be-
fore its exit to pallial cavity roof. Rectum simply curved,
running at some distance from right edge of pallial cavity.
Anusnarrow, siphoned (Figs. 255, 257).

Genital system (Figs. 255, 257). Only females exam-
ined, but some of them present vestigial penisjust posterior
to right cephalic tentacle. Ovary orange, located in anterior
region of visceral massmainly initsventral portion. Viscera
oviduct narrow, runsin right-dorsal-posterior region of vis-
ceral massencroachedin pallia cavity. Gonopericardia duct
very long, insertsin albumen gland by side of oviduct. Al-
bumen gland small, curved, transverse folded, as posterior
region of pallial oviduct. A series of 5-6 vesicular semina
receptacles along dorsal surface of albumen gland. Capsule
gland large, ample, lobed, curved, dorso-ventrally flattened.
Vaginal tube thick, curved towards posterior and right, ori-
ginin right-anterior edge of capsule gland. Genital pore a
small slit turned posteriorly, low fold extends beyond geni-
tal pore towards posterior.

Central nervoussystem. Similar charactersasthose
of Crepidula, except for longer located subesophageal gan-
glion and smaller statocysts.

M easur ements of shells (in mm). AMS 353086 22:
12.6 by 18.893: 14.8 by 23.9.

Distribution. NSW to Fremantle (Bass Strait, Central
E coast, G. Aust. Bight, Lower E coast, Lower W coast, S
Gulfs coast, SW coast, Tas. coast) (Wilson, 1993).

Habitat. Hard substrates (stones and in dead shells),
with mussels and epizoic red algae; up to 200 m depth.

Material examined. NEW ZEALAND,; East of Vire
Point, Perseverance Harbor, Campbell Island 52°33'S
169°10'E, 15 m depth, AM S 353086, 3 @ (sta. 38661, 12/ii/
1930).

Discussion. There are several characters of the pre-
ceding calyptraeids absent in S calyptraeformis, such as
the dorsal shell muscle, the lateral shell muscle, the reduc-
tion of the columellar muscle, odontophore muscle m2a, etc.
These data and the trochoid fashion of the shell do not
support a relationship with the species of the genera
Calyptraea and Trochita. The present suggestive generic
attribution is based on shell similaritieswith the fossil type
species and the close geographic occurrence, as well as
above mentioned differences from species of Calyptraea
and Trochita, in such further informations are given in dis-
cussion section. [On Calyptraea, C. centralisisvery simi-
lar to the type species: C. chinensis (see above), and on
Trochita the type species was examined.]

Family Hipponicidae

Genus Hipponix Defrance, 1819
(Type species: Patella cornucopiae Lamarck, 1802)

Hipponix costellatus Carpenter, 1856 (revalidated)
(Figs. 49, 50, 55, 264-283)

Hipponyx ?barbatus, var. costellatus Carpenter, 1856: 4 [loc.
? Adinsulas Maris Caribbaei].

?Hipponyx (Amalthea) effodiens Carpenter, 1856: 5[loc. Ad
insulasMaris Caribbaei].

Hipponyx grayanus. Lopes& Alvarenga, 1955: 168-169 (non
Menke, 1853.).

Sphonaria sp: Rios, 1970: 140 (pl. 49).

Hipponix grayanus: Matthews & Kempf, 1970: 23; Rios,
1975: 62 (pl. 17, fig. 249); 1985: 56 (pl. 20, fig. 253); Led,
1991: 89 (pl. 14, fig. E-F); Rios, 1994: 69 (pl.24, fig. 266)
(nonMenke, 1853.).

Diagnosis. Western Atlantic species with shell sculptured
by broad radia ridges, of somewhat uniform width.
Osphradium very narrow, amost aline. Peniswith nar-
row and long papillain tip. Pallial oviduct with single
and broad bursa copulatrix located between ovary and
abumen gland, gonopericardial duct absent.

Description.

Shell (Figs. 49, 50). Limpet-like, conical, apex turned
posteriorly about in median line. Protoconch seeLeal (1991:
89-90, pl. 14, figs. E, F). Sculpturethick, dight irregular, radial
ridges; greatly eroded apex. Inner surface glossy; shell
muscle scar horseshoe shaped (concavity turned forward),
symmetrical, extremities broader.

Head-foot (Figs. 264-267, 270, 271, 282). Heed outstand-
ing, somewhat large (about 2/3 of foot length and %4 of its
width), with long snout and tentacles. Tentacles stubby,
tapering gradually, without ommatophores. Eyes small, lo-
cated on outer side of tentacle base. Snout-proboscis cylin-
drical long (about ¥z of foot length), anterior margin slight
plane, bifid, with pair of lateral, sharp, short projections.
Snout-proboscis with some capacity of retraction within
haemocoel. Proboscis haemocoel spacious, inner surface
with two pairsof retractor muscleslocated onitslateral sur-
face, run longitudinally (Figs. 270, 271); both originate in
ventral and lateral inner surface of haemocoel at level just
posterior to snout, run towards anterior, attached to inner
snout surface, inserted in anterior snout wall closeto mouth,
where diminishesgradually in several branches. Propodium
inserted just in ventral margin of snout base, dorso-ven-
trally flattened, planar, margins rounded; length about %21/
3of that of proboscis (Figs. 266, 267). Transversal furrow of
pedal glands in anterior margin of propodium. Foot with
plane sole, center very thin and transparent, borders very
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Figures 264-269, Hipponix costellatus anatomy: 264, female, whole ventral view, note localization of capsules (cp); 265,
same extracted from shell, dorsal view; 266, head-foot, female, frontal view, head turned to right (leftin fig), capsules
removed; 267, same, dorsal view, visceral mass and pallial organs removed, capsules preserved in situ; 268, viscera
mass and pallial cavity roof, ventral view; 269, pallial cavity roof, transversal sectioninitsmiddleregion, just parallel

torectum (gill filament isnot so aligned as shown). Scales= 1 mm.
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Figures 270-278, Hipponix costellatus anatomy: 270, head and haemocoel, ventral view, foot included propodium
removed; 271, same, snout opened ventrally, its walls deflected; 272, buccal mass and esophagus, ventral, slight
lateral -l eft view, esophagus opened longitudinally; 273, dorsal wall of buccal mass, ventral view, odontophore and
its septum with esophagus removed; 274, buccal mass, dorsal view; 275, same, ventral view; 276, odontophore,
ventral view; 277, same, dorsal view; 278, same, ventral view, detail of its central region with mé sectioned and
deflected, inner (ventral) surface of br exposed. Scales=1 mm.
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Figures 279-283, Hipponix costellatus anatomy: 279, odontophore, ventral view, most of muscles deflected, radulaand
subradular cartilage extracted and deflected upwards; 280, visceral mass, intestine (seen if remainder structures were
transparent) and pericardium, dorsal view, dorsal wall of stomach and pericardium removed, part of adjacent mantle
also shown; 281, ovary and pallial oviduct, ventral view; 282, anterior region of head-foot of male, dorsal view; 283,
penis, ventral view. Scales=0.5mm.
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thick in stirrup form (straight region anterior). Shell muscle
horseshoe shaped, very broad anteriorly and narrow poste-
riorly (Figs. 264-267); this muscle, which may be modifica-
tion of columellar muscle, ismain component of thicker re-
gion of foot; originin shell, about mid way betweenitscen-
ter and border (except anterior quarter), runsalmost straight
ventrally; insertion in foot solein similar, but broader fash-
ion than its scar in shell; a separation of shell muscle in
posterior region, closeto median line. Shell muscleinsertion
seen ventrally through transparency of foot sole (Fig. 264).
Pair of large head musclesin straight thick anterior margin of
foot. Both head muscle originate from broader region of shell
muscle and also from adjacent region of foot sole, run medi-
ally and anteriorly; insertion along head wall and snout re-
tractor muscles. Some very narrow musclefiberscrossfrom
aside to another (left and right) and from dorsal to ventral
just anterior to head muscles. Foot sole extends, as plane
flap, beyond thicker anterior margin produced by shell and
head muscles, presents about ¥z of length of remainder pos-
terior foot sole. Between propodium and anterior projection
of foot sole, close median line, asmall glandular concavity
present in females, where brood capsules stalks attach.

Mantle organs (Figs. 265, 268, 269). Mantle border
thick and broad, connected with shell muscle in lateral and
posterior regions; no appendages. Pallial cavity shallow —
about half of visceral mass length. Osphradium ridge-like,
long, extremely narrow, somewhat parallel to mantle border
(closer inright extremity). Gill slightly small, but with length
longer than cavity width. Gill anterior extremity on middle of
mantle border right region, turned to left. After mantle bor-
der gill curves and runs towards left and posterior up to
posterior-left extremity of pallial cavity. Gill filamentsdlight
tall, triangular, apex sharp turned posteriorly; taller filaments
in middle of gill, gradually decrease towards extremities.
Hypobranchia gland not detectable.

Visceral mass(Figs. 265, 268, 280). Almost spherical,
encased in concavity between thick borders of foot sole
(shell and head muscles) and shell apical (central) part. In
ventral view it isseen through thin central foot region. Large
stomach dorsally; small gonad as ventral structure; diges-
tive gland compressed between both. Connection with
haemocoel in middle portion of anterior thick foot border, in
its posterior-median surface. Visceral mass organsdisocated
anteriorly, compressing and encroaching on pallial cavity,
some organs such as pericardium stay dorsal to pallial cav-
ity posterior half.

Circulatory and excretory systems(Fig. 280). Peri-
cardium of considerablesize; located dorsal to pallial cavity
just dorsal to posterior end of gill. Ctenidial vein almost in
its posterior end, connectswith small, elliptical auricle. Ven-
tricle posterior and right of auricle. Aorta after very short
distance divides into anterior and posterior aortas, anterior
onerunning anteriorly close esophagus. Kidney very small,
dorso-ventrally flattened, solid-glandular, located just at

right from pericardium. Nephrostomeavery small dit at right,
removed from kidney. Kidney and nephrostome located in
pallial roof.

Digestive system (Figs. 271-280). Mouth longitudi-
nal, located in middle of plane, anterior surface of proboscis.
Buccal mass just posterior to mouth, occupying about half
of snout length. Odontophore muscles (Figs. 271-279): mj)
jawsand peri-bucca muscles, originate around mouth wall,
insertion in anterior margin of odontophore (except small
ventral portion) and in dorsal wall of buccal mass close to
jaws; mc) constrictor of mouth or mouth sphincter, several
circular fibers running around mouth internally to mj; m1)
several very small muscles connecting buccal mass with
adjacent regions of snout inner surface, more concentrated
anteriorly (jugal muscles); m1b) thesingle pair of outstand-
ing jugal muscles, originatein snout ventral-lateral surface,
runtowardsmedial, insertion in middle-anterior-ventral re-
gion of odontophore just in ventral insertion of mj; m2)
large pair of retractor muscles of buccal mass (retractor of
pharynx), originatein lateral-inner surface of middlelevel of
haemocoel (between both rm — retractor muscle of snout),
runstowards anterior, insertion in lateral-posterior region of
odontophore surface close to limit between odontophore
and esophageal parts of buccal mass; to) elliptical conjunc-
tivetissue on middleregion of radular ribbon, just beforeits
exposed portion; m4) large pair of ventral-posterior tensor
muscle of radula, origin in dorsal-outer surface of
odontophore cartilages, their fibers contour outer-ventral
border of these cartilages up to opposite side, insertion in
small region of “to” lateral surface; br) subradular membrane,
thin but strong, coversinner (ventral) surface of subradular
cartilage, insertsin both sides of dorsal surface of m4; bb)
bulged anterior region of “br” just anterior to radula end,;
mb5) pair of dorsal-posterior tensor muscle of radula, origin
on m4 ventral-anterior surface, runs towards media and
posterior, insertsin radulajust dorsal tom4insertionin“to”;
m6) horizontal muscle, somewhat thick, connects both an-
terior-dorsal margins of odontophore cartilages, m7) nar-
row pair, origin in m4 anterior margin, just at insertion of
“br”, runsmedially between both cartilages, after short dis-
tance entrancein radular sac, insertionin radular sac ventral
surface ashort distance fromitsnucleus; m10) small pair of
ventral protractor muscle of odontophore, origin in anterior-
ventral inner surface of snout, close mouth, runs towards
posterior short distance, insertion in ventral-anterior sur-
face of odontophore; m11) narrow and long pair, origin in
“br” inner posterior surface, run anteriorly attached to br,
contour anterior-middleregion of odontophore closeto m7,
insertion in adjacent region of snout inner ventral surface.
Buccal ganglion located laterdly, closetom2insertion (Figs.
272, 275); their connectives cross between radular nucleus
and adjacent ventral wall of odontophore. Radulasomewhat
short, little more than buccal masslength. Radula (Fig. 55):
rachidian tooth broad and short, seven to nine cusps on
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cutting edge, central cusp about double the size of neigh-
boring cusps, no basal cusps but small, sharp, low, lateral
projection present in each side; lateral tooth very broad —
morethan twicerachidian width, about eight triangular cusps,
third or fourth cusp larger (about double width of neighbor
), apical, turned internally and forward, cusps gradually de-
crease laterally by about 1/3 of tooth cut-edge length (re-
mainder smooth); inner and outer marginal teeth similar to
each other, long, tall, slender, dlightly flattened, about five
sharp, sub-terminal cuspsin each side of curved apical re-
gion, tip sharp pointed. Jaws two broad plates in anterior
dorsal wall of buccal mass (Fig. 273). Pair of dorsal folds of
buccal mass broad, begin just posterior to each jaw, their
medial border outstanding; between both a shallow dorsal
chamber with smooth surface. Aperture of salivary glands
circular, in middle level of dorsal folds, at some distance
fromtheir media border. Sdivary glandssmall, cluster around
esophagus anterior to nerve ring. Salivary ducts only vis-
ible anteriorly, on dorsal-posterior surface of buccal mass,
penetratelocal wall and run some distance towards anterior
(Fig. 274) and open as described above. Esophagus narrow
and long; its inner surface single, without glands or folds
(Fig. 272). Stomach large, almost spherical, occupying most
of visceral mass (Figs. 265, 280). Esophagusrunsin ventral
gastric surface and insertsin middle region of its posterior
border. Ducts to digestive gland single, narrow, originate
anterior to esophageal aperture. Most of gastric inner sur-
face uniformly smooth (Fig. 280). Style sac and intestine
origin onleft gastric side, both almost compl etely separated
from each other, except on short basa portion. No style
observed. A somewhat tall transversal fold surrounds style
sac aperture, broader closetointestineorigin. Stomach filled
with mucusand gravel. Intestine narrow, after detachesfrom
style sac, crosses from left to right side of visceral mass
anterior and partly immersed in digestive gland, left portion
of thisloop slight sinuous (Fig. 280). After thisfirst portion,
intestine has other three almost straight portions marked by
almost 180° turn; each portion about half of precedent por-
tion. Lastintestinal loopin pallial roof, several large, ellipti-
cal fecal pellets aligned along them. Anus small weakly si-
phoned, located in right extremity of pallial cavity, closeto
mantleborder (Figs. 268, 280).

Genital system. Development. Protandric hermaphro-
dite, with all small specimensmale (but not many small speci-
menswere available). Some femaleshad up to five egg cap-
sulesin space ventral to head and dorsal to anterior projec-
tion of foot sole (Fig. 267), color yellow. Each capsule broad,
slight rounded and flattened, with basal stalk of approxi-
mately same length as its broad part. These stalk stay con-
nected to mother’s body just in concavity between
propodium and anterior projection of foot sole (Fig. 266: cb).

Male(Figs. 282, 283). Testissmall, located in center of
the ventral surface of the visceral mass, color pale cream.
Visceral vas deferens narrow, runs from testis to right-pos-

terior region of pallial cavity, where opens. Seminal vesicle
not differentiable. Pallial sperm groove very shallow, diffi-
cult to see. Penis base inserted in ventral region of right
cephalic tentacle (and not dorsal or posterior to it). Penis
somewhat long, about 1.5 times head |ength, narrows gradu-
aly up to rounded tip. A small papilla located on lateral
region of penistip; papillatip blunt, base slender. Few males
lack this papilla. Penis groove slight shallow, ends at some
distance of penistip (about 1/6 before).

Female(Fig. 281). Ovary similar located astestis, color
paeorange. At very short distance from ovary, oviduct sud-
denly expands and become hollow diverticulum (bursa
copulatrix?), turned posteriorly. Visceral oviduct connects
also after very short distance from this diverticulum in pal-
lial oviduct. Pallial oviduct small, located in right region of
pallial cavity slightly ventral to rectum and posterior to anus.
Albumen gland smdll, triangular, color whitish. Capsulegland
larger, most of pallia oviduct length; posterior surface con-
nected with albumen gland; wall thick glandular, yellowish.
Capsule gland gradually narrows approaching rounded an-
terior extremity. Genital pore on |eft side of thisanterior ex-
tremity, longitudinal and narrow.

Nervoussystem (Fig. 271). Largegangliacloseto each
other around esophagus, far, very posterior from buccal
mass. Statocyst very small, with single statolyth.

Habitat. Generally on shells of other gastropods, in-
tertidal to 54 m depth.

Distribution. Brazil, from Cearato Bahia, including
ocean islands.

M easur ementsof shells(inmm). MZSP 28498, @1,
4.7by 9.825,5.0by 7.9:24, 1.8 by 3.3.

Material examined. WEST INDIES; BMNH
1865.11.30.26 (photo of a shell identified as Amalthea
effodiens). BRAZIL ; Bahia; Salvador (Simonecol.), Ribeira
Beach, MZSP 32146, 1%; Banco da Panela, 16-20m depth,
MZSP 28457, 2 (26/ii/1997); RibeiraBeach, MZSP 28498,
23, 6Q(24-26/ii/1997); Itapué Beach, MZSP 28449, 13'(23-
27i1/1997).

Discussion. H. costellatus was previously consid-
ered to bean Atlantic occurrence of H. grayanus. Theanaly-
sisof the differences of the inner morphology, explored be-
low, from the Pacific samples of H. grayanus, revealed the
specific separation. Then, the supposed junior synonym
previously described for the Atlantic was revalidated. H.
effodiens, also described from the Atlantic, was considered
asynonym of H. antiquatus (e.g., Rosenberg, 1996). How-
ever, the original description shows clearly that the shell is
scul ptured with radial, broad threads instead of concentric
scales, characteristic of H. antiquatus. These dataallow that
H. effodiens may be aH. costellatus synonym. Carpenter’s
specieswere never figured and the single descriptionsavail-
able arethebrief original ones. A search for the type speci-
menswas madein the BMNH and Redpath Museum, McGill
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University, Montreal, Canada (RMM) (depository of
Carpenter’s collection), but they were not found. Two lots
of shells sent from that Museum identified as H. costellatus
were actually of another species. A shell identified as
Amalthea effodiens is in the BMNH. Photos of this speci-
men were sent and revealed close similarity with the shells
of the specimens examined in this study.

H. costellatuswas originally described asavariety of
H. barbatus (Sowerby, 1835). Thisspecies, according to Keen
(1971), isasynonym of H. pilosus (Deshayes, 1832), which
inhabits the Pacific Ocean. Carpenter (1956) described H.
costellatus based on a single specimen with dubious prov-
enance, stating that the exterior surface is similar to H.
grayanus (and the “base” is of H. barbatus). H. effodiens
was described in the same paper, characterized by tall radiat-
ing furrows. Despite the enveloping nebula of uncertain-
ties, the name H. costellatus was preferred because of page
precedence and also because it has been referred to as H.
grayanus synonym (e.g., Rios, 1994). However further stud-
iesare still necessary.

Hipponix subrufus (Lamarck, 1822)
(Figs. 24-26, 70, 77, 284-293)

Ancient synonymy in Carpenter (1856: 4). Complement:

Hipponix subrufus: Leal, 1991: 90 (pl. 14, fig. G); Rios, 1994:
69 (pl. 24,fig. 267).

Hipponix subrufus subrufus: Abbott, 1954: 166; Warmke &
Abbott, 1961: 85 (pl. 15, fig. g); Rios, 1970: 53; Abbott,
1974: 135; Rios, 1975: 62 (pl. 17; fig. 250); 1985: 56 (pl. 20,
fig. 254); Calvo, 1987: 95(fig. 52); Jong & Coomans, 1988:
61; Merlano & Hegedus, 1994: 159.

Description.

Shell (Figs. 24-26). Similar to that of preceding spe-
cies, but with scul pture more delicate and complex: several
rowsof small nodulesorganizedinirregular radial lines(Figs.
24, 25). Protoconch (Fig. 26) seeLedl (1991: 90). Other details
in Abbott (1974: 135).

Head-foot (Figs. 286, 287, 293). Very similar to H.
costellatus, including head, propodium and muscle arrange-
ments. Differs only in head muscle pair, which have inde-
pendent origininfoot solefrom shell muscle (Fig. 286); sev-
eral muscle fibers, run as thin layer from origin of head
musclesposteriorly and laterally, spreading superficially on
foot sole and shell muscle medial-posterior side.

Mantleorgans(Figs. 284, 285, 292). Charactersvery
similar to those of H. costellatus. Distinctive or notablefea-
turesfollowing. Osphradium much broader, also ridge-like,
strongly angled between its middle and left thirds. Narrow

satellitefold surrounding entire osphradium. Gill similar lo-
cated, inclusive curved anterior extremity on mantle border.
Gill filamentstall and sharp, with undulated membrane and
long, straight rod.

Visceral mass (Fig. 285). Characters as those de-
scribed for H. costellatus.

Circulatory and excretory systems(Fig. 284). Heart
similar to that of H. costellatus, but slightly more anterior,
amost close to mantle border, located dorsa to gill and
osphradium. Auricle connected to ctenidial vein before its
posterior extremity, i.e., thereisportion of ctenidial vein be-
yond auricle connection as blind-sac and with current con-
trary to normal fashion. Auricle also presents portion ante-
rior to its connection with ctenidial vein. Kidney, asin H.
costellatus, very small, solid, compressed between visceral
mass organs and pallial cavity. Nephrostome asmall slit on
aweak papilla, slightly away and at right from kidney.

Digestive system (Figs. 289, 290). Buccal mass char-
acters very similar to those described for H. costellatus,
except for stronger m2 and m10 (Fig. 289). Radulasimilar to
that of preceding species (Figs. 70, 77), but with sharper and
longer cusps on teeth; rachidian tooth with about 11 cusps,
central cusp about double neighboring cusps; lateral tooth
with about 14 cusps, third or four cusp apical, larger, several
times larger than neighboring cusps, margina teeth with
sub-terminal series of about nine pairs of cusps. Salivary
glandsin form of two small, irregular spheresjust dorsal to
m2 pair; their ducts run as described for preceding species.
Esophagus broader than that of H. costellatus; its inner
surfacewith pair of low, longitudinal folds, not continuation
of those from dorsal wall of buccal mass, but separated by
short smooth distance from those, just posterior to buccal
mass|evel. Stomach site and size similar to those of preced-
ing species. Stomach inner surface weakly more complex
(Fig. 290): itsright half uniformly smooth,; differentiable sort-
ing area in dorsal-left region, possessing some transversal
folds; other transversal fold begins just at left from esoph-
ageal aperture, runsventrally by posterior gastric wall until
close to sorting area, where fades; some longitudinal, low
foldsedgeintestinal origin, some of them run upto origin of
ducts to digestive gland; other transverse, low fold in ven-
tral wall at right to these ducts. Gastric shield well-devel-
oped, located at some distance form style sac aperture, in
middle of anterior gastric wall. Ducts to digestive gland
double, very closewith each other, located in middleregion
of ventral gastric wall. Style sac ailmost completely sepa-
rated from intestine, only united with it in its basal region;
style sac with about half of gastric length and width; its
inner surface yellow, iridescent. Intestine originsin ventral
region of style sac base. Intestinal loops similar to those
described for H. costellatus (Fig. 290), except in being
broader and in having additional loop up to anus. Fecal
pellets and anus as those of H. costellatus.
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Figures 284-289, Hipponix subrufus anatomy: 284, anterior-left extremity of visceral mass (dorsal to gill) and adjacent
surface of pallial cavity roof, ventral view, ventral wall of pericardium removed; 285, visceral massand pallial cavity
roof, ventral view; 286, foot and shell muscle, dorsal view, head removed; 287, head-foot of male, dorsal view,
visceral mass and pallial structures removed; 288, pallial oviduct and part of visceral female organs, ventral view;
289, buccal mass, esophagus and nervering, lateral-left view. Scales= 0.5 mm.
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Figures 290-293, Hipponix subrufus anatomy: 290, digestive tubes, dorsal view, seen if remainder structures were
transparent, dorsal wall of stomach part removed and deflected inwards, localization of pallial oviduct and mantle
border also shown; 291, penis and adjacent structures of its base, dorsal view; 292, pallial cavity roof, transversal
section of itsmiddle region just parallel to rectum (gill filament is not so aligned as shown); 293; anterior region of
head-foot of female, anterior part of foot sole sectioned in median line and deflected inwards to shown brood
glandular concavity (cb), part of pedal gland also shown (by transparency) in propodium. Scales= 0.5 mm.
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Genital system. Development. Protandric hermaphro-
dite as preceding species, apparently all small specimens
aremale, but few wereavailable.

Male(Figs. 287, 291). Viscera and pallial organschar-
acters similar to those of H. costellatus, inclusive ventral
implantation of penis, but pallial sperm duct isclearer. Penis
differsin tip, which hastall, sub-terminal papilla preceded
by shallow constriction. Papilla very tall in some species,
almost of same sizeasremaining distal region of penis(with-
out sperm groove), while other specimens this papilla is
smaller. Penis sperm groove slightly shallow, runsup to pa-
pillatip at itsproximal face.

Female (Figs. 288, 293). Characterssimilar to those of
H. costellatus, distinctive and notable features following.
From ovary, abroad and thin walled tube runsanterior, after
ashort distance connects with very narrow gonopericardial
duct or ligament. After thisinsertion, visceral oviduct runs
posterior and walls thicken ; it contours to right margin of
visceral massanterior extremity slight sinuously. Small semi-
nal receptacle inserts on visceral oviduct a short distance
from itsinsertion on albumen gland. Bursa copulatrix also
insertsin pallial oviduct just to left of visceral oviduct inser-
tion. Albumen gland elliptical, orange, connected to vaginal
duct on left side. Between albumen and capsule glands a
narrow, white, thin walled region that could be ingesting
gland. Vaginal tube possesses posterior diverticulum cov-
ering left side of bursainsertion. Capsule gland large, pale
orange, occupies about 1/3 of pallia oviduct length. Albu-
men and capsule gland lumen with large opening to vagina
duct. Genital pore a narrow dlit of pallial oviduct anterior
end, turned to left. Brood in glandular concavity between
propodium base and anterior projection of foot sole similar
to that of H. costellatus (Fig. 293); its glandular tissue be-
tween shell musclesinsertion.

Habitat. Hard substrates, mainly dead coral, intertidal
to 21 m depth.

Distribution. North Carolina, USA, to Bahia, Brazil.

M easur ements of shells(inmm). MZSP 30816; 2 3,
5.4by 9.8,32.9by 6.4.

Material examined. WEST INDIES; RMM 5880, 3
shells(identified asH. costellatus). BRAZIL ; Pernambuco;
Fernando de Noronha Archipelago (Simone & SouzaJdr. cal.,
Vvii/1999); Atalaia Beach, MZSP 31150, 21 specimens (day
18); Conceicdo Beach, MZSP 31406, 1G5, 4 shells; Buraco da
Raguel, MZSP 31134, 12, 8 shells, MZSP 31121, 12 speci-
mens (day 19); Porto Beach, MZSP 31201, 13, 92, 14 shells
(day 17), MZSP 31188, 2 shells (day 17), MZSP 32144, 20
shells, several protoconchs (day 20); Pontada Sapata, 21 m
depth, MZSP 31321, 5 shells (day 18); Ratalsland, Buraco
do Inferno, MZSP 30955, 112, 1 shell, MZSP 32096, 19 (day
19), Cagarras, MZSP 30964, 1 shell (day 21); Bahia; Abrolhos

Islands, MZSP 30816, 63, 82(L.Pinni Nt. col., v/1958).

Hipponixincurvus (Gmelin, 1791)
(Figs. 27-29, 78, 79, 294-308)

Synonymy in Leal (1991: 92). Complement:
PatellaincurvaGmelininLinné, 1791: 3715.
Capulus (Krebsia) incurvatus: Abbott, 1954: 168 (err.).

Capulusincurvatus: Rios, 1970: 55; 1975: 63 (pl. 17, fig. 255);
Oliveiraet a, 1981: 109; Rios, 1985: 58 (pl. 21, fig. 261);
Led, 1991: 92-93(pl. 14, fig. K); Rios, 1994: 72 (pl. 24, fig.
277); Merlano & Hegedus, 1994: 161 (pl. 50, fig. 590);
Abbott & Morris, 1995: 178 (pl. 49).

Capulusincurvus: Rosenberg, 1996.

Description.

Shell (Figs. 27-29). Similar to preceding Hipponix spp,
but deeper, dight spiral apex, asymmetrical . Protoconch (Fig.
28) seeled (1991). Sculpture several spird ribs, somelarger;
strong undulationsin older shell areas. Periostracum present,
mainly near shell borders, possesses several, irregular pro-
jections. Muscle scar also similar to those species, but closer
to shell border. Other detailsin Abbott (1974: 137).

Head-foot (Figs. 294-297, 299, 301). Charactersvery
similar to those of Hipponix species, including propodium,
anterior projection of foot sole, shell and head muscles. Dis-
tinctive features following. Head muscles origin in inner-
anterior surface of shell muscle and not from foot sole.
Crossed muscles: pair of muscles crossing just anterior to
head muscles (Fig. 297); anterior muscle connects ventral
surface of |eft head muscle with foot sol e adjacent to base of
right head muscle; posterior crossed muscleinverted in con-
nections. Tentacleswith shallow longitudinal furrow in apex,
running a short distance to ventral surface. Eyes minute,
amost vestigial, located in outer region of tentacles base.
Snout haemocoel ample, with pair of very broad retractor
muscles with origin and insertions as those of Hipponix
spp. Other additional, narrow retractor muscles detectable
indorsal inner surface of snout base, about three pairs, origi-
nating in lateral regions of foot.

Mantleorgans(Figs. 295, 298, 300, 302). Characters
very similar to those of Hipponix spp, very shallow, dislo-
cated anteriorly by visceral mass. Osphradium ridge-like,
broad, without satellitefold. Gill small, anterior region also
curved, on mantle border. Gill filaments narrow, sharp, not
sotall.

Visceral mass(Figs. 295, 300). Componentsand situ-
ation of organs as described for Hipponix spp, differing
only intaller form. Its ventral surface also stays encased in
foot concavity.
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Figures 294-300, Hipponix incurvus anatomy: 294, female, whole ventral view; 295, same extracted from shell, dorsal
view; 296 head-foot, female, dorsal view, visceral mass and pallia organs removed; 297; foot and shell muscle, dorsal
view, head removed; 298, pallial cavity roof, transversal section of itsmiddleregion just parallel to rectum (gill
filament is not so aligned as shown); 299, head-foot of female, frontal view; 300, visceral mass and pallial cavity roof,
ventral view. Scales=1 mm.
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Figures 301-308, Hipponix incurvus anatomy: 301, head and haemocoel, ventral view, snout opened longitudinally,
foregut removed; 302, pallial cavity roof and anterior extremity of visceral mass, ventral view, ventral-lateral-left wall
of pericardium removed; 303, buccal mass, esophagus and nerve ring, ventral view; 304, same, dorsal view; 305,
odontophore, dorsal view; 306, visceral mass and intestine (seen if remainder structures were transparent), dorsal
wall of stomach part removed and deflected inwards, mantle border also shown; 307, odontophore, ventral view; 308,
Ovary, viscera and pallia oviducts, ventral view. Scales= 0.5 mm, except 305, 307 =0.1 mm.
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Circulatory and excretory systems(Figs. 300, 302).
Pericardium and heart characters similar to those of Hipponix
Spp., located part dorsal to posterior gill region. Auricle con-
nectionwith ctenidial vein not at end of gill asin H. subrufus,
presenting posterior portion of ctenidial vein as blind-tube.
Kidney characters as those described for Hipponix, includ-
ing solid, flattened tissue, and papillate nephrostome.

Digestive system (Figs. 303-307). Buccal masschar-
acterssimilar to those of Hipponix spp, including jaws, dor-
sal wall foldsand odontophore muscles (Figs. 303-305, 307).
Sdlivary glandsapair of small, long, narrow masses extend-
ing somewhat posterior to buccal mass. Salivary ductsim-
mersed indorsal wall of buccal mass, pigmented (palebrown),
openin pair of dorsal foldsnear their anterior region. Radula
similar to those of Hipponix spp. (Figs. 78, 79), but with
wider lateral and marginal teeth (about five timesrachidian
width); rachidian tooth with about 11 cusps, central cusp
more than three times neighboring cusps width, a pair of
small, triangular, basal cusps; lateral tooth with about 22
cusps, generally eighth cusp apical, larger (more than three
timesneighboring cusp width), turned forward; marginal teeth
with sub-terminal series of about 12 cusps in each side.
Esophagus narrow anterior to nervering, without inner folds;
after nerve ring suddenly expands as crop; no detectable
inner glands or folds. Stomach characters similar to those of
H. subrufus (Fig. 306), except for dorsal sorting areanarrow,
running transversally in middle level of dorsal gastric sur-
face; apair of ventral folds, right fold broad, run from esoph-
ageal aperture towards anterior where faint; left folds nar-
row, runsfrom esophageal apertureto duct to digestive gland.
Some specimens with transverse fold separating gastric
shield from intestinal aperture. Digestive gland single, lo-
cated inmiddleregion of ventral gastricwall. Style sac some-
what small (about % of stomach length and width) and al-
most half separated from intestine, only very shortly con-
nected in its basal region. Intestine origins ventral to style
sac base, much more complexly looped than preceding
Hipponix spp., its several loops shown in fig 306. Feca
pellets similar to those of anterior species. Anus small, si-
phoned, located in right extremity of pallial cavity closeto
mantle border, far fromgill.

Genital system. Only females examined (Fig. 308).
Ovary dlight small, located in ventral region of visceral mass
as in Hipponix species. Viscera oviduct, after short dis-
tance from ovary, connectsto very narrow gonopericardial
duct or ligament. Visceral oviduct runs slightly sinuously
towardsright and anterior, inserting in base of adbumen gland.
A pair of very small seminal vesiclesinsert in visceral ovi-
duct just on right surface of its insertion. Bursa copulatrix
small, with long duct, insertsin left side of visceral oviduct
insertion. Albumen gland small, elliptical, separated from
capsule gland by constriction. Capsule gland large (most of
pallial oviduct), somewhat flattened, its duct broad and flat-
tened, amply connected to vaginal duct. Genital poreasmall

dlitin pallial oviduct anterior end, turned anteriorly. Female
MZSP 28996 presents capsules very similar to those of H.
costellatus, inserted in glandular concavity of propodium
(Fig. 299), but with very smaller and more abundant cap-
sules.

Nervoussystem (Figs. 303, 304). Similar to those of
preceding Hipponix spp.

Habitat. On hard substrates, mainly cord, intertidal to
525 mdepth.

Distribution. From North Carolina, USA, to Santa
Catarina, Brazil.

M easur ementsof shells(inmm). MZSP 31132, ,4.5
by 9.6; MZSP30981%,5.0by 11.8.

Material examined. BRAZIL ; Pernambuco; Fernando
deNoronhaArchipelago (Simone & SouzaJr. cal., vii/1999);
Porto Beach, MZSP 31227, 1 shell (day 17), MZSP 32145, 2
protoconchs (day 20); Buraco da Raquel, MZSP 31132, 1%,
7 shells, capsules (day 19); Atalaia Beach, MZSP 31047, 2
shells(day 18); Ratalsland, Buraco do Inferno, MZSP 30981,
7%, 2 shells(day 19). Porto de Galinas, Central Beach, MZSP
31350, 12(C. Magentacol., vii/1999). Bahia; Abrolhos|s-
land MZSP 30815, 3 specimens (L. Pinni col., v/ 1958); MZSP
28996, 1¥(Moura, Fancini & Sazimacol., 9-15/i/1998).

Hipponix grayanus Menke, 1853
(Figs30-32, 76,309-318)
Ancient synonymy in Carpenter (1856: 4). Complement:

Hipponyx radiata Gray in Sowerby, 1835 (pre-occupied name
by Quoy & Gaimard, 1824).

Hipponyx grayanus Menke, 1853: 79.
Hipponix grayanus. Keen, 1971: 453 (fig. 765).

Shell (Figs. 30-32). Similar to H. costellatus and H.
subrufus, with radial threads and some nodules (Fig. 30).
Periostracum dlight devel oped, mainly near shell border, with
projected scales. Other details in Carpenter (1856: 4) and
Keen (1971: 453). Young specimens (seen inside capsul es)
(Figs. 31, 32) protoconch with single whorl, outer surface
smooth, without sculpture, umbilicus narrow. First
teleoconch portion with sparse, irregular, spiral lines.

Head-foot (Figs. 310. 315. 317). Very similar to preced-
ing Hipponix species. Following distinctive features. Eyes
very small, almost vestigial, located in inner surface of ten-
tacles base, close to snout. Head muscles strong, origin
separated from shell muscle. Shell muscle morelateral, some-
what far from visceral sac. Foot sole and ventral surface of
shell muscle attached to ventral cal careous, several-layered
plate (all specimens present foot sole extracted, except if
part of ventral plate was also removed). Propodium and ven-
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Figures 309-313, Hipponix grayanus anatomy: 309, Femal e extracted from shell, dorsal view; 310, head-foot, female,
dorsal view; 311, pallial cavity roof, transversal sectioninitsmiddielevel; 312, palial cavity and visceral mass,
ventral view; 313, same, detail of |eft transition between both, kidney opened longitudinally, ventral wall of
pericardium, with gill, sectioned and deflected to right. Scales= 0.5 mm.
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Figures 314-318, Hipponix grayanus anatomy: 314, buccal mass, anterior esophagus and adjacent structures, ventral
view; 315, head of male, dorsal view, re-hydrated specimen; 316, middle and distal ducts of digestive system, dorsal
view, seen in situ if remainder structures were transparent; 317, head and adjacent structures, female, dorsal view;
318, part of visceral and pallial femalegenital structures, ventral view. Scales=1 mm.
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tral brood concavity also present. Young specimens with
operculum very thin, palcispiral, almost circul ar.

Mantleorgans(Figs. 311, 312). Mantle border char-
acters and disposition of pallial organs similar to those of
preceding Hipponix species. Mantle border thick and broad.
Osphradium ridge-like, broad, with narrow satellitefold all
around it. Gill somewhat large (occupying about half of cav-
ity ared). Gill filaments with broad base and tall, slender,
sharp tip; most of them pointing posteriorly. Anterior gill
extremity curved toleft, on mantle border.

Visceral mass(Figs. 309, 312). Similar charactersto
those of other Hipponix species, also very dislocated ante-
riorly, encroaching on posterior half of pallia cavity roof.

Circulatory and excretory systems(Fig. 313). Heart
characters and location similar to those of preceding
Hipponix species, but slightly more dislocated to the ante-
rior (Figs. 312, 313), located almost entirely dorsal to gill.
Ctenidia vein connectswith auriclealmost initsmiddlere-
gion, having long posterior portion of this vessel beyond
this connection, probably this part of vein has contrary di-
rection of circulation (in relation to other gastropods)
postero-anterior. Kidney adeep hollow chamber compressed
between visceral mass (stomach and digestive gland) and
firstintestinal loop. Rendl tissue very scant, only sometrans-
versefoldsin itsventral region, connecting anterior border
of membrane between kidney and pallia cavity with adja-
cent intestinal loop, at right from nephrostome. Nephridial
gland smaller, at left from nephrostome, close to pericar-
dium. Nephrostome a small dlit in left region of membrane
exposedinpallia cavity.

Digestive system (Figs. 314, 316). Bucca mass char-
actersvery similar to those of preceding Hipponix species,
inclusive anterior insertion of m7. Differsonly by very larger
m2 pair size (although very narrow in their insertion). Sali-
vary glandscluster around esophagus anterior to nervering.
Esophagus narrow, inner surface with some longitudina
folds. Stomach, as in preceding Hipponix species, large,
occupying most of visceral mass space. Stomach inner sur-
face almost entirely smooth (Fig. 316); in ventral surface
threesmall foldsin central region, right fold larger and dightly
triangular; esophageal aperture small, located in posterior-
left region of ventral gastric surface, aperture of duct to
digestive gland between esophageal aperture and larger
gastric fold; intestine and style sac origin in left gastric re-
gion. Style sac dlightly short, cylindrical, amost entirely
separated from intestine. A rounded fold separates style
sac aperture from that of intestine. Intestine originates just
posterior to style sac, contouring it ventrally, becomes broad
and runs aong anterior surface of stomach. Intestine has
about six to seven gradually decreasing |oops towards an-
terior, up to anus (Fig. 316).

Genital system. Development. Suggestive protandric
hermaphroditism, most of small specimensmales. Brood strat-

egy similar to those of preceding hipponicids(Fig. 317) about
3large capsul es containing about 30 young, 1-whorl shelled
specimens. Capsule rods connected to glandular brood con-
cavity of foot.

Male(Fig. 315). Theexamined malesweredry andre-
hydrated for examination. Theanalysisis, thereforelimited.
Visceral structures look similar to those of preceding
hipponicids. Penis small, curve, originated ventral to head,
apex simple, somewhat rounded.

Female (Figs. 317, 318). Ovary and visceral oviduct
characters similar to those of preceding hipponicids.
Gonopericardial duct not found. Visceral oviduct narrow,
amost straight, oblique, insertsin pallial oviduct at its pos-
terior-left end. Seminal receptacle small, narrow, sac-like, lo-
cated just at side of visceral oviduct insertion. Bursa
copulatrix long (little shorter than pallial oviduct length)
dlightly narrow, width somewhat uniform along its length,
distal end rounded, weakly broad. Bursainsertion in poste-
rior-right end of pallial oviduct. Remainder pallial oviduct a
single glandular mass without clear separations between
abumen and capsule glands; inner lumen broad and flat.
Genital pore asimple, longitudinal glit, located in anterior-
|eft end. Glandular concavity between propodium and foot
sole similar to those of preceding hipponicids.

Habitat. Rocky, intertidal to 9 m depth.
Distribution. Mexico to Ecuador.

M easur ementsof shells(inmm). LACM 75-8.3,% ,
8.0by 15.5; LACM 66-114.17,8.2by 15.6.

Material examined. MEXICO; Jalisco; Bahia
Banderas, LasTresMarietas, 20°42'N 105°32' W, 5-9 m depth,
LACM 65-14.27, 11 dry specimens (J.H. McLean, C. Miller
leg.; RV Gringa; 20-21/iii/1965). COSTA RICA; Puntarenas,
Gulfo deNiceya, between IsaTolingaand IslaAlcatraz, 3-5
mdepth, LACM 75-8.3, 4 dry specimens (C.C. Swift leg.; 2/v/
1975). ECUADOR; M anabi; off IslaLaPlata, 18 m depth,
1°15.4' S81°05.3' W,LACM 33-23.6, LR(R/V Veerolll; AHF
23-33; 22/1/1933); Guayas; N side of Santa ElenaPeninsula,
E of Salinas, 2°11.47' S80°56.52' W, 9 m depth, LACM 66-
114.17, 15 dry specimens (R/V Anton Brunn, sta. 6670; 8/v/
1966).

Discussion. H. grayanus differs from H. costellatus
mainly in that 1) eyes are very reduced, almost absent; 2)
osphradium is broader; 3) presence of satellite fold around
osphradium; 4) broader gill with longer and dlender filaments;
5) kidney tissueis scanty; 6) heart more anterior, with con-
nection auricle-ctenidial vein almostin middlelevel of gill; 7)
broader m2; 8) stomach with different arrangement of folds
and insertions; 8) intestine longer and more convolute; 9)
peniswithout apical papilla; 10) bursacopulatrix longer and
more slender; 11) accessory vesicle between bursaand vis-
ceral oviduct insertions.

One of the more remarkabl e differences between H.
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grayanus and H. costellatusis that the former has a capac-
ity of forming a ventral plate of several calcareous layers.
The shell muscle, in fact, becomes attached to this plate
apparently without capacity of detachment. These features
are not observed in Brazilian species of Hipponix (H.
costellatus, H. subrufus), which are not attached to sub-
strate to the same degree, and possess thinner ventral plate.
Theventral calcareous plateiseven called “ventral valve”,
whilethe shell iscalled “dorsal valve’, in ancient literature
(e.g., Sowerby, 1835). Other Pacific species, H. antiquatus,
also hasaventral calcareous plate (Yonge, 1953).

Hipponix leptus new species
(Figs. 33-35,80-82, 319-328)
Hipponyx antiquatus: Lopes & Alvarenga, 1955: 168.

Hipponix antiquatus: Abbott, 1954: 166 (part); Warmke &
Abbott, 1961: 84 (pl. 15, fig. h); Rios, 1970: 53; Cauquoin,
1970: 138; Vermeij, 1972: 91; Abbott, 1974: 135 (part);
Rios, 1975: 62 (pl. 17, fig. 247); 1985: 55 (pl. 20, fig. 252);
Led, 1991: 88-89 (pl. 14, figs. C, D); Rios, 1994: 69 (pl. 24,
fig. 265) (nonLinné, 1767).

Types Holotype: MZSP 32259 D (from type locality).
Par atypes: BRAZIL ; Per nambuco; Fernando de Noronha
Archipelago (Simone & SouzaJr. Cal., vii/1999); Buraco
daRaquel, MZSP 31041, 45 specimens (day 22); Porto
Beach, MZSP 31208, 1D(with capsules), 2 shells (day
17), MZSP 31248, 1 shell, MZSP 32143, 5 protoconchs
(day 20); AtalaiaBeach, MZSP 31151, 2D, 3 shells (day
18); Ponta da Sapata, 21 m depth, MZSP 31322, 1 shell
(day 18); CaieiraBeach, MZSP 31022, 3U, 17D, 1 shell
(day 23); Rata Island, Buraco do Inferno, 10 m depth,
MZSP 31077, 1U, 9D, 4 shells(day 19).

Typelocality: BRAZIL; Pernambuco; Fernando deNoronha
Archipelago, CaieiraBay, 03°50' 30" S32°24' 10" W.

Diagnosis Western Atlantic species with shell, sculptured
by concentric, irregular scales. Eyes very reduced, but
present. Anterior lateral projections of snout. Gill rela-
tively large. Penisdistal third bifid.

Description.

Shell (Figs. 33-35). Of medium size (up to 25 mm),
patelliform, flat to tall and dightly coiled. Color palecreamto
pale brown. Protoconch, as described by Leal (1991), of 1
whorl, smooth, central to sub-terminal-posterior located.
Sculpture strong concentric scales, irregularly sized and dis-
posed; sometimesvery small and wesk radial striae between
scales. Inner surface smooth, glossy, pale brown. Muscle
scar horseshoe shaped (concavity anterior), broad anteri-

orly, very narrow posteriorly; runs about in middle region
between apex and shell border.

Head-foot (Figs. 320, 322). Characterssimilar tothose
of H. costellatus, included separation between head and
shell muscles. Eyesvery reduced, deeply located in integu-
ment. Snout-proboscis anterior surface with pair of broad,
amplelappets projected in both sides; both projectionsform
anterior concavity with mouth in center. Head muscle pair
originatesinfoot sole, very closeto shell muscleinner edge,
initsmiddlelevel. Shell muscle separated posteriorly, close
to median line. Haemocoel short and broad, inner space al-
most wholly filled by net of transversal muscles.

Mantleorgans(Figs. 319, 321, 323). Featuresalso imi-
lar to those of preceding Hipponix species; characteristic
attributesfollowing. Mantle border thick, simple. Osphradium
long, broad, little longer than 1/3 of gill length, situated
slightly oblique. Osphradium satellite fold well developed,
surrounds entire osphradium ganglion. Gill large (about half
of pallial cavity area), sigmoid, anterior extremity curved and
|ocated on mantleborder. Gill filamentstall, triangular, curved
towards right, tip pointed. Hypobranchia gland thin and
inconspicuous in larger individuals but thicker and
transversally folded in younger ones.

Visceral mass(Figs. 319, 323). Organization similar
to that of preceding Hipponix species. Stomach large as
posterior structure. Digestive gland and gonad proportion-
aly small, ventral, sightly central. Digestive gland color
greenish pale brown, gonad color pale beige.

Circulatory and excretory systems(Fig. 319). Char-
acters somewhat similar to those of H. grayanus, with fol-
lowing remarks. Heart proportionally small, entirely located
dorsal to posterior half of gill, small part exposed in pallial
cavity at left from thisgill region. Pericardium posterior limit
attached to gastric style sac. Kidney chamber deep and flat,
compressed between visceral massand first intestinal loops.
Renal tissue only in ventral (pallia) surface, thin, surface
uniform, posterior to nephrostome. Nephrostomeavery small
dlit located in left-posterior region of visceral mass en-
croachespallial cavity.

Digestive system (Figs. 324-327). Snout-proboscis
with differentiated expanded anterior region described above.
Buccal mass reduced, length less than % of that of probos-
cis. Jaw plates lacking. Odontophore very small (e.g., 0.35
mminanimal with 10 mm shell length). Odontophore muscles
(Figs. 326-327) with organization similar to those of preced-
ing hipponicids, remarkablefeaturesfollowing: m2 pair ab-
sent; m5 pair thick, insertion covering considerable portion
of radular sac, similar to calyptraeid fashion; m11 pair rela-
tively broad, originatein adjacent region of haemocoel ven-
tral surface. Radular teeth somewhat similar to preceding
hipponicids, remarkable features following (Figs. 80-82):
rachidian tooth slightly triangular, with 7 to 9 small cusps,
central cusps pointed, about 3 times larger than neighbor
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Figures 319-324, Hipponix leptus anatomy: 319, pallia cavity and visceral mass, female, ventral view; 320, head and
haemocoel, female, ventral view, foot removed, avestigial penisstill present in base of right tentacle (leftinfig.); 321,
pallia cavity roof, transversal section tangent to rectum; 322, head-foot of male, dorsal view; 323, pallia cavity and
visceral mass, male, ventral view; 324, buccal mass, anterior esophagus and nerve ring shown in situ, ventral-slightly
laterd-left view. Scales=1mm.
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Figures 235-328, Hipponix leptus anatomy: 325, middle and distal digestive tubes, dorsal view, seeninsituif remainder
structures were transparent, dorsal gastric wall sectioned and deflected to left; 326, odontophore, ventral view; 327,
same, dorsal view; 328, female genital organs, ventral view. Scales 7, 10= 1 mm, 8-9=0.5 mm.
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cusps; lateral tooth with about 3 times rachidian tooth width,
with 7 to 9 small cuspsin inner edge and 10 to 12 cuspsin
outer edge, tip pointed, turned forwards; inner lateral tooth
tall, narrow, tip broad (spoon-like), with about 20 very small,
terminal cusps, outer marginal sSimilar toinner marginal tooth,
weakly narrower. Salivary glandsreduced. Buccal ganglion
pair close to median line. Anterior esophagus broad, inner
surface covered by several irregular longitudinal folds, each
fold dlightly broad and glandular. After nerve ring, esoph-
ageal inner foldsgradually become narrower and uniformly
longitudinal. Stomach very large (about half of visceral mass
volume) (Fig. 325). Esophageal aperturesmall, in mid-poste-
rior region of gastric ventral surface. Duct to digestive gland
broad, single, located at same level as esophageal aperture,
anterior and slightly right of it. Gastric shield small, located
just to right of duct to digestive gland aperture on ventral
gastric surface. A ventral, transverse, gastric fold, low and
broad, edging at | eft gastric shield and esophageal aperture.
Other small gastric fold peduncled, somewhat spherical, lo-
cated at right of duct to digestive gland aperture and poste-
rior to gastric shield. Aperture of intestine and style sac in
left gastric end, connected with each other. Style sac with
about 1/3 of remainder stomach length, entirely connected
with intestine, inner space compressed by tall and broad
longitudinal fold. Intestine broad, performing about 3 suc-
cessively smaller zigzagstowardsright up to anus (Fig. 325).
Anusadlightly tall papilla, locatesin right-anterior region of
pallid cavity.

Genital system. Development. Not al small specimens
are male, about 50% of them only. No large males, suggest-
ing protandric hermaphroditism. Largest male examined 11
mm long. Somerarefemales, with well devel oped pallial ovi-
duct, retain penis. Capsules brooded as in preceding
hipponicids.

Male (Figs. 322, 323). Testis very small, located in
mid-right region of visceral ventral surface. Seminal vesicle
with about 4 irregular loops, located just anterior to testis.
Seminal vesicle suddenly narrows and becomes long and
straight vas deferens, it runs distance equivalent to vesicle
length on pallial cavity floor (edging its right border) and
opens. From thisapertureto penis base weak sperm groove.
Penis, as preceding hipponicids, originated ventrally to
snout and right cephalic tentacle. Penis relatively narrow
and long (about % of foot length). Penis distal third bifid,
right branch flat and solid, left branch similar, but with penis
furrow running all along it at almost up toiitstip. Tip of both
penis branches rounded.

Female (Fig. 328). Organization of structuressimilar
to that of preceding hipponicids, distinctive or notable fea-
turesfollowing. Ovary relatively small, from itsleft-anterior
region visceral oviduct origins. Gonopericardial duct begins
in this same region and runs obliquely. Viscera oviduct
gradually becomes thick and broad, runs towards anterior

and right with weak zigzag. Albumen gland probably lo-
cated in broader portion of visceral oviduct. Seminal recep-
tacle a broad sac located by side of albumen gland, con-
nects to capsule gland by narrower duct just anterior and at
left than albumen gland connection. Capsule gland some-
what small, elliptical, thick and simple. Glandular concavity
between propodium and mesopodium as those of preceding
hipponicids

Central nervoussystem (Fig. 324). Of hipponicid fash-
ion, large, relatively concentrated ganglia.

M easur ementsof shells(inmm). Holotype @=7.4 by
18.7,MZSP31041%1=7.6by 155, 32=5.3by 12.9,24=105
by 18.0; MZSP 3102232=5.9by 11.0; MZSP310773=2.8
by 6.5.

Distribution. For the moment confined to Fernando
de Noronha Archipelago, however probably occursin en-
tireWestern Atlantic range of “H. antiquatus’, from Florida,
USA to Espirito Santo, Brazil .

Habitat. On hard substrate, mainly in hidden surface
of rocks and reefs, subtidal up to 21 m depth. Supposedly
microphagus, however aspecimen (MZSP 31041-D1) had a
crab cheliped inside esophagus occupying most of
haemocoel volume.

Material examined. Typesonly.

Etymology. The specific epithet refers to the shell
sculpture, from the Greek leptos, which means* like scal e of
peel”.

Discussion. Up to now, H. leptus was considered a
Western Atlantic occurrence of H. antiquatus (Linné, 1767)
fromtropical Pacific coast of North, Central and South Ameri-
cas. However, the Western Atlantic specimensdiffer in sev-
eral aspects from H. antiquatus as described anatomically
by Yonge (1953, 1960), showing that this appears to be an-
other case of misidentification based on similarities of shell
features (which arevery variable). H. leptus differsfrom Pe-
cific H. antiquatus in having the foot less attached to ven-
tral calcareous plate, ventral calcareous plate thinner, ante-
rior region of snout-proboscisbroader and ampler, eyesless
developed, osphradium broader and with satellitefold, gas-
tric style sac more devel oped, and inner gastric folds present.
On the other hand, both species apparently present similari-
tiesnot only in shell characters, but also in penis morphol-
ogy (Yonge, 1960, fig. 1) and in the reduced size of the buc-
cal mass. Bandel & Riedel (1994: 334, fig. 2) showed a
protoconch with spiral threads for H. antiquatus from
Yucatan, Mexico; this kind of protoconch sculpture is not
observed in examined specimens.

According to G. Rosenberg (person. communication)
there are some doubts about the actual locality of the type
material of H. antiquatus. With the shell characters helping
little, and the anatomi cal study by Yonge (1953, 1960) based
on Pacific specimens, the designation of the Pacific popul a
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tion as H. antiquatus appears to be coherent.

H. leptus presents a series of distinctive features if
compared with the other studied hipponicids, such as: ample
anterior region of snout, small size of heart and buccal mass,
absence of m2 (pair of retractor of buccal mass), mlaand of
jaws, reduction of salivary glands, short portion of oviduct
between ovary and gonopericardia duct, and pallial ovi-
duct features.

Genus Sabia Gray, 1847
(Type species: Amalthea conica Schumacher)

Sabia conica (Schumacher, 1817)
(Figs. 36-38, 83, 84,329-342)

Synonymy see Hedley (1902: 600); Ludbrook (1957: 49) re-
marksand complement:

Amathea conica Schumacher, 1817: 181 (pl. 21, fig. 4) [holo-
typeZMUC 181, no. 1071, no locality; designed Tasma-
niaafterwards by L udbrook (1957)].

Patella australis Lamarck, 1819: 335 [Type locality: New
Holland = Australid].

Hipponix conicus: Laws, 1970: 115-121 (figs. 1-9).

Description.

Shell (Figs. 36-38). Similar to preceding hipponicids.
Color white. Periostracum brown. Scul ptured only by growth
lines and broad radial threads. Apex slightly weak and tall.
Other detailsin Knudsen (1991).

Head-foot (Figs. 329, 330, 335). Characterssimilar to
those of preceding hipponicids, with following notable or
distinctive features. Head broad and dlightly inlaid. Snout
narrow, weakly bifid in anterior margin. Tentacles broad,
stubby, tip somewhat bifid and pigmented by black. Foot
and shell muscles asthose of preceding hipponicid species,
pair of head musclesoriginininner-anterior surface of shell
muscle. Propodium with broader distal edge than its base.
Propodium distal edge with pedal gland furrow and about 1/
3of foot width. Brood glandular concavity present, described
below. A pair of narrow musclesoriginsininner-ventral edge
of shell muscles, run towards anterior, inserts around brood
glandular concavity (Fig. 335: s2), right muscle moreablique
than | eft muscle. Pedal solefreefrom ventral calcareousplate.
Haemocoel narrow and strongly curved towards | eft, inner
space filled by transversal net of muscle fibers similar to
those of calyptraeids.

Mantleorgans(Figs. 331, 332). Mantle border thick
and simple. Pallial cavity short, greatly compressed by vis-
ceral sac, with organization similar to those of preceding
hipponicids. Osphradium ridge-like, slightly oblique, very

long (little shorter than gill), anterior end on mantle border
closeto gill; between osphradium posterior end and mantle
border considerable distance. Osphradium satellite fold
present, narrow, surrounds entire osphradium. Gill weakly
sigmoid, occupying about 1/3 of pallia cavity area. Gill fila-
ments tall, triangular, tip pointed. Afferent gill vessel very
broad. Pericardium part dorsal to posterior region of gill.

Visceral mass (Fig. 331). Of similar organization as
those of preceding hipponicids.

Circulatory and excretory systems(Fig. 333). Heart
relatively large, located partly dorsal to gill posterior region
extending littlebeyond gill left margin. Auricleanterior-right,
connected to ctenidial vein between middle and posterior 1/
3 of gill length. Kidney mostly hollow, deep, greatly com-
pressed between visceral mass and pallial intestinal 1oops.
Renal tissuevery scant, only some narrow, irregular glandu-
lar foldsin dorsal and anterior surfaces between intestinal
loop. A single, sigmoid intestinal loop running in dorsal
surface. Nephridial gland reduced. Nephrostome asmall dlit
closeto pericardium, in membrane between kidney and pal-
lia cavities.

Digestive system (Figs. 336-340). Buccal mass and
odontophore features similar to those of preceding
hipponicids, characteristic attributesfollowing. Dorsal folds
of buccal massslightly tall inregion posterior to jaws, aper-
ture of salivary glands very small. Odontophore muscles
(Figs. 336-338): mla pair present; ma, pair of accessory
muscles of jaws, origin in ventral-median surface of
haemocoel, adjacent to odontophore, run towards dorsal,
penetrate between mc and m10 jointed with odontophore
nervepair, insertion along inner surface of mj andjaw plates,
m2 pair narrow; mt present, very thin; mc broad and thin;
m7 pair originin medial edge of m4 dorsal branch, attached
to subradular membrane, insertion inside radular sac close
to nucleus; m8, m2a absent; m10 pair as median-ventral
part of mj. Radular sac short and broad. Radular teeth similar
to preceding hipponicids (Figs. 83, 84), remarksfollowing:
rachidian tooth with 9 cusps, central cusp about 3 times
|arger than secondary cusps; lateral tooth very broad (more
than 3 times broader than rachidian), with about 11 cusps,
generally 6th cusp much larger and terminal; inner and outer
marginal teeth similar to each other, tall, narrow, with 5to 8
sub-terminal cuspson each side. Salivary glandsvery small,
located in posterior-dorsal region of buccal mass, violet.
Buccal gangliasmall, located laterally, closeto m2 insertion.
Anterior esophagus broad, suddenly narrows and curves
towards left in region posterior to nerve ring. Esophagus
with about 12 longitudinal, tall inner folds. Stomach very
largeand ample. Esophageal insertioninmiddlelevel of pos-
terior gastric wall. Ductsto digestive gland double, narrow,
located close with each other and close to esophageal aper-
ture. Intestinal origin at right from esophagesl aperture. Style
sac origin just anterior to that of intestine. Stomach inner
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Figures 329-335, Sabia conica anatomy: 329, head-foot, female, dorsal view, egg capsules still connected; 330, same,
male, frontal — dlightly ventral view, propodium and mesopodium deflected downwards; 331, pallial cavity and
visceral mass, female, ventral view; 332, pallial cavity roof, transversal sectioninitsmiddle portion; 333, region
between pallial cavity and visceral mass, ventral view, kidney opened longitudinally, itsventral wall deflected toright,
ventral surface of pericardium (with gill) sectioned and also deflected to right; 334, basal portion of egg capsules
extracted from glandular brood concavity shown infig. 335; 335, foot, female, dorsal view, head extracted, propodium
deflected exposing glandular brood concavity (cb). Scales= 2 mm. Lettering: s1, cal careous base for attachment of
egg capsules rods in cb; s2, muscle of cb.
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Figures 336-342, Sabia conica anatomy: 336, buccal mass, ventral view; 337, buccal mass and anterior esophagus,

dorsal view, part of net of transversal muscles also shown; 338, odontophore, ventral view, both cartilages deflected,

left m5 (right infig.) deflected; 339, middle and distal digestivetubes, ventral view, seenif remainder structureswere

transparent; 340, stomach, dorsal view, inner surface exposed by means of alongitudinal, dorsal incision; 341, detalil

of right side of transition pallial cavity-visceral mass, male, ventral view, evidence to genital organs; 342, visceral and
pallial femalegenital structures, ventral view, ovary only partially shown. Scales= 1 mm.
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surfacewith severa folds (Fig. 340): transversal, tall, irregu-
lar fold separates esophageal aperture fromintestineorigin,
another similar fashioned fold located in opposite (ventral)
gastric wall; tall smooth fold incompletely surrounds style
sac aperture, almost closing it. A broad, smooth, bifid fold
just ventral to the ducts to digestive gland, with slight ex-
pansion towardsventral wall aslimit of gastric shield. Intes-
tineand style sac almost entirely separated from each other,
united only in short proximal portion. Style sac narrow, with
width about 1/3 that of stomach and length about Y. Intes-
tineintensely coiled in 2 regions: ventral to stylesacandin
pallial cavity, inside adrectal sinusasshowninfig. 339. Anus
siphoned, close to mantle edge.

Genital system. Development. Apparent protandric
hermaphroditism, all small specimensmalesand larger speci-
mensfemal es. Femal eswith about 8 large capsul es contain-
ing about 100 young specimens (with 1 whorl), each bears
thin, paucispiral operculum and are separated from the oth-
ershy transparent membranes. Capsules connected to brood
concavity by relatively short stalk (Fig. 329), abroad calcar-
eous hode, produced and attached to concavity (Fig. 334).
Other detailsin Laws(1970).

Male(Figs. 330, 341). Testispalebeige, small, located
inventral and lateral-right regions of visceral sac. Semina
vesicle coiled, thick, just posterior to pallial cavity right-
posterior margin. Seminal vesicle broad, gradually narrows
up to straight and long papillain such tip vas deferens opens
inpallial floor. Sperm groove shallow, runs on right side of
pallial cavity floor up to penisbase. Penislocated in ventral-
right side of snout, base broad, narrowing gradually. Penis
length little longer than snout. Penis groove runs aong
middleregion of penisventra surface. Penistipflat, rounded,
with groove running in lateral edge. Other detailsin Laws
(1970).

Female (Figs. 334, 335, 342). Ovary similar located as
testis (of males), but larger, its anterior edge close to poste-
rior limit of pallial cavity. Visceral oviduct very narrow, run-
ning slightly beyond ovary. Gonopericardial duct long and
narrow. Visceral oviduct V-shaped in gonopericardial duct
region. In pallial cavity, oviduct gradually increasesin zig-
zag fashion. After zigzag, pallia oviduct suddenly expands
in amorphous glandular masslying dorsal to intestinal loops
(albumen gland?). Seminal receptacleasmall vesicle preced-
ing oviduct expansion, connected to oviduct right side by
narrow duct. Bursa copulatrix similar to seminal receptacle
but larger, flattened, located ventral, attached to adjacent
oviduct wall; bursa duct short, inserted close to that of re-
ceptacle. No apparent separation between albumen and cap-
suleglands. Genital poreasmall dlit located in middleregion
of oviduct right side, on elevation. Brood concavity similar
to those of preceding hipponicids but ampler.

Central nervoussystem (Fig. 337). Nervering with
small gangliaposterior, far removed from buccal mass, supra

and subesophageal ganglia close to nerve ring. Remainder
characters similar to those of preceding hipponicids.

M easurements of shells (in mm). AMS 353011: 1)
14.4by 27.0; 2 Q) 15.8by 24.8; 33) 6.0by 10.4; 4 3) 7.5by
15.7.

Distribution. Bass Strait, Central W coast, G. Aust.
Bight, Lower W coast, NE coast, S Gulfs coast, SW coast,
Tas. coast.

Habitat. On hard substrates, up to 200 m depth.

Material examined. AUSTRALIA; West Australia;
Woodman Point, Cockburn Sound, 32°08' S115°44'E, AMS
353083, 15, 3R(sta. 8158, W.F. & J.M. Ponder col., 12/xii/
1971); Tasmania; Green Cgpe, Marialdand, 42°43' S148°01'E,
5mdepth, AMS 353011, 43, 4Q(sta. 38616, W. F. Ponder &
D.C.Woalfecal., 26/iii/1970).

Discussion. According to information given by P.
Middelfart and W. F. Ponder (AMS), there are considerable
systematic confusion to the validity of the specific name.
There is no type locality for the taxon, and Lamarck’s de-
scription is very brief. Some authors have the view that
Hipponyx australis Quoy & Gaimard (1835: 434) isasubse-
quent reference of A. conica (e.g., Ludbrook, 1957), while
others have the opinion that thisis adifferent species (e.g.,
Hedley, 1902: 600). One of the latest revisions of the taxon
considered A. conica as the available name as this taxon
(Ludbrook, 1957), this approach is adopted here.

GenusMalluviumMelvill, 1906
(Type species: CapuluslissusE.A. Smith)

Malluviumdevotus (Hedley, 1904)
(Figs. 39-41, 85, 86, 343-357)

Capulusdevotus Hedley, 1904: 190 (pl. 8, figs 15, 16) [holo-
type AMS; Type locality: Sixteen miles east of
Wollongong, NSW, in 100 fathoms]; 1905: 41; Hedley &
Petterd, 1906: 213; Hedley, 1907: 285; Hedley & May,
1908: 110; Gatliff & Gabriel, 1913; 75; Hedley, 1918: M57;
May, 1921: 58; 1923: fig. 20; Thiele, 1930: 580; Garrard,
1961: 12; Macpherson & Gabriel, 1962: 130.

Malluviumdevotus: Wilson, 1993: 165 (fig.).

Description.

Shell (Figs. 39-41). Characterssimilar to those of pre-
ceding hipponicids, but taller and curved posterior. Sculp-
ture concentric low scales. Other details in Hedley (1904:
190).

Head-foot (Figs. 37, 343). Similar features asthose of
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Figures 343-347, Malluvium devotus anatomy: 343, head-foot, female, dorsal view, egg capsules extracted from
glandular brood concavity; 344, pallial cavity and visceral mass, ventral view; 345, pallial cavity, transversal section
tangent to rectum; 346, middle and distal digestive tubes and part of digestive gland, dorsal view, intestine shown in

situ if remainder structures were transparent, dorsal wall of stomach partially extracted and deflected downwards;

347, middle and anterior (pallial) oviduct, ventral view. Scales=1 mm.
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preceding hipponicid species, notable or differentiable at-
tributes following. Head proportionally larger, width about
half of that of foot. Tentacles broad, tip pointed. Eyes very
small, vestigial. Anterior margin of snout with pair of long
lateral projections. Foot sole free from ventral calcareous
plate. Propodium large, broad, with distal edge broader than
its base. Glandular concavity for brooding present. No ves-
tige of crossed muscles.

Mantleorgans(Figs. 344, 345). Charactersalso simi-
lar to those of preceding hipponicids, differencesfollowing.
Mantle border thick, with broad inner collar blood vessels.
Osphradium ridge-like, very narrow, length about 2/3 of that
of gill. Gill sigmoid, occupying about 1/3 of pallia cavity
areg; anterior extremity slender. Gill filamentstall, triangular,
tip pointed. Hypobranchial gland low. Pallial cavity very
compressed by visceral mass (details below).

Visceral mass (Figs. 344, 346). Similar attributes as
those of preceding hipponicids, except in being taler, hav-
ing apex turned posteriorly and having amore posteriorly
located gonad.

Circulatory and excretory systems(Fig. 344). Heart
and pericardium characters similar to those of other
hipponicids, but more anterior, located dorsal to posterior
half of gill, part exposed in |eft-anterior side of gill margin.
Kidney very similar to that described for H. grayanus.

Digestive system (Fig. 346). Buccal mass characters
very similar to those described for H. costellatus, with short
radular sac, differs by narrower m2 and by presence of mt
(similar to those of calyptraeids but thinner). Radular teeth:
rachidian tooth narrow, with about 9 cusps, central cusp
about 3 times larger than neighbors; lateral and both mar-
ginal approximately of same length; lateral tooth broad
(about 4 times broader than rachidian), about 8 sub-termi-
nal, small cuspsin outer edge; both marginal teeth similar
with each other, tip pointed, from 5 to 9 small, subterminal
cusps in both sides. Esophagus with 4-5 narrow, longitudi-
nal, inner folds not uniform in size. Stomach very large and
broad, insertion of esophagus on posterior-left side, pro-
tected dorsally by transverse gastric fold. Duct to digestive
gland single, located close to esophageal aperture, slightly
posterior. Another short, ventral gastric fold anterior to duct
to digestive gland. A pair of long gastric folds on each side
of fold dorsal to esophageal aperture, run along lateral-right
gastricwall indirection to intestine-style sac aperture. Style
sac about half of stomach width and length, with distal half
separated from intestine. Intestine origins ventral to style
sac, after separated runs ventrally to style sac and after
edgesanterior gastricwall. Intestine, in pallial cavity, with 2
successive smaller loops. Anus small, slightly siphoned.

Genital system (Fig. 347). Only females examined,
however one of them has narrow vestigial penis ventral to
head of normal hipponicid fashion. Ovary orange, occupies
posterior region of visceral sac. Visceral oviduct slightly

broad, runs on right side of visceral sac ventral surface.
Gonopericardial duct narrow, long, inserted in visceral ovi-
duct just before pallial cavity. In region of gonopericardial
duct insertion, oviduct possesses some inner longitudinal
folds and V-fashion. Pallial oviduct narrow and sigmoid in
posterior region, gradually increasesin single, large glandu-
lar mass (albumen plus capsule gland). In level about 2/3 of
pallial oviduct length, it narrowsup to small, papilla-like geni-
tal pore. Seminal receptaclevesicular, single, located inleft
region of posterior end of pallial oviduct; its duct narrow
and somewhat long. Brood glandular concavity similar to
those of preceding hipponicids, however it secrets larger
calcareous node for anchoring capsules (Fig. 343). Gener-
aly 3-4 capsuleswith about 20 young specimens (of 1 whorl),
each specimen separated by transparent membranes. Cap-
sulesfashion similar to those of remainder hipponicids, with
relatively long basal stalk.

M easurementsof shells(inmm). AMS353123: 1) 8.6
by 18.2;2) 9.4 by 18.7.

Distribution. Australia; Bass Strait, Central E coast,
G. Aust. Bight, Lower E coast, S Gulfs coast, SW coast,
Tasmania coast.

Habitat. Continental shelf, continental slope; mostly
attached to the inner lip of dead Sassia kampyla (Watson,
1883) (cf Garrard, 1961), up to 200 m depth

Material examined. AUSTRALIA; New South Wales;
between Port Staphens & the Hawkesbrury, 33°15' S151°45'E,
366-411 mdepth, AMS 353123, 4Q(sta 38487, R\V. “Kapaa’,
prawntrawl, 17-21/vii/1972).

Genus Cheilea Modeer, 1793
(Type species. Patella equestris Linng)

Cheileaequestris(Linné, 1758)
(Figs. 42,43, 87-89,348-369)

Synonymy in Leal (1991: 91). Complement:

Cheilea equestris: Abbott, 1954: 165 (pl. 21p); Rios, 1970:
53;1975: 64 (pl. 17,fig. 257); Calvo, 1987: 95(fig. 53); Rios
1994: 70 (pl. 24, fig. 269); Bandel & Rieddl, 1994: 336 (fig.
4,pl.6,fig.1).

Description.

Shell (Figs. 42, 43, 348). Limpet-like, with well-devel -
oped ventral plate. Sculpture several radia ribs, of uniform
size, periodically interrupted by small nodes, aligned con-
centrically. Outer surface irregularly undulated. Inner sur-
face without apparent muscle scars. Protoconch described
by Leal (1991, pl. 14, fig. H). Shell ventral plateincompletely
conical (opened anteriorly), situated obliquely, from shell
apex to posterior. Other detailsin Abbott (1974: 139-140).
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Figures 348-353, Cheilea equestris anatomy: 348, female, whole ventral view, shell septum edges seen by transparency;
349, same extracted from shell, dorsal view; 350, pallial cavity and visceral mass, ventral view, portion posterior to
shell ventral plate sectioned and deflected; 351, head-foot, female, |ateral -l eft view; 352, same, dorsal view; 353, male,
lateral-right slightly ventral view, whole specimen extracted from shell, penispulled outside. Scales= 1 mm. L ettering:
el, space let by shell ventral plate in visceral mass.
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Figures 354-360, Cheilea equestris anatomy: 354, pallial cavity roof, ventral-inner view; 355, same, transversal section
initsmiddleregion; 356, same, detail of |eft border with visceral mass, ventral view, kidney and pericardium opened
longitudinally, their inner structures exposed; 357, buccal mass and part of anterior esophagus, |ateral-1eft view; 358,
head and haemocoel, ventral view, foot extracted, snout-proboscis opened by alongitudinal, ventral incision; 359,
buccal mass, ventral view; 360, odontophore, ventral, slightly posterior view. Scales=1 mm.
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Figures 361-369, Cheilea equestris anatomy: 361, dorsal wall of buccal mass and anterior esophagus, ventral view,
odontophore extracted, esophagus opened longitudinally; 362, odontophore, ventral view, radula and subradular
cartilage deflected downwards, left m5 (right in fig.) also deflected; 363, same, detail of its median region after
longitudinal section of m6; 364, middle and distal digestive tubes, ventral view, shown in situ if remainder structures
were transparent, 2 fecal pellets shown; 365, middle region of visceral mass, male, ventral view; 366, penisand
adjacent head structures, dorsal view; 367, pallial and short part of visceral oviduct, ventral view; 368, nerve ring,
ventral view; 369, substrate of an extracted specimen, its ventral calcareous plate and some egg capsules still
attached. Scales=1 mm. Lettering: €1, space let by shell ventral platein visceral mass; €2, ventral calcareous“valve’,
secreted by foot on hard substrate.
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Head-foot (Figs. 348, 351-353, 358). Head and anterior
fashion of foot similar to those of preceding hipponicids.
Snout-proboscis very long and broad, anterior end simple
(not expanded nor bifurcated). Eyesvery reduced. Propodium
similar to those of hipponicids, with small expansions in
both anterior sides. Between propodium and head no glan-
dular concavity. Foot (mesopodium) sole small, restricted
inside shell ventral plate. Foot very thick, solid and small,
alsorestricted to ventral half of shell ventral plateinner space.
No columellar muscle or shell muscle, attachment only in
outer surface of foot with inner surface of shell ventral plate
(Figs. 351, 352: sm). Dorsal foot surface planar, outer margin
edged by connection with visceral mass (Figs. 351, 352: vc).
Haemocoel narrow, posterior half (posterior to proboscis)
filled with net of transverse muscles. Proboscis retractor
muscle pair well developed, origin and insertion lateral, each
runsalong inner surface of proboscisin 3-4 dlightly tall lon-
gitudinal bands. Head muscle pair immersed in integument,
covering proboscis retractor muscle.

Mantleorgans(Figs. 349, 350, 354-356). Mantlelo-
cated on lateral and posterior surface of foot ventral region,
contours very thin anterior and ventral edges of shell ven-
tral plate, and after suddenly becomes thicker. Mantle bor-
der slightly thick in posterior half and very thick in anterior
half. Pallial cavity arrangement of structuresand sizesimilar
to those of preceding hipponicids, greatly compressed by
visceral mass. Osphradium oblique, anterior portion located
on mantle border. Only low and narrow satellite fold of
osphradium present, interrupted anteriorly. Inner surface of
areasurrounded by osphradium fold apparently lacking any
structure, i.e., an osphradium ganglion. Gill relatively small
and oblique, anterior region curved, located on mantle bor-
der. Gill filamentstall and narrow, apex slightly rounded and
almost central. Between gill and visceral mass encroached
inside pallia cavity avery narrow areafilled by hypobran-
chial gland. Hypobranchial gland grayish-beige, somewhat
tall, compressed by neighbor structures. Anus preceded by
very tall, papilla-like portion, very long in some specimens.

Visceral mass(Figs. 349, 350, 365). Entirely surround-
ing shell ventral plate, internally and externally. Inner shell
ventral plate portion of visceral masslocated on dorsal sur-
face of foot, connected to it along its borders. Remaining
visceral mass surrounds anterior edge of shell ventral plate
and its entire outer surface, covering it completely. Gonad
located as ventral structure inside shell ventral plate, on
foot. Digestive gland fills remaining space, except central
region, occupied by stomach and adjacent intestinal loops.
Visceral mass encroaches in pallial cavity similarly to re-
mainder hipponicids.

Circulatory and excretory systems(Fig. 356). Heart
characters somewhat similar to those of preceding
hipponicids, located dorsal to gill posterior half and part
exposedinpallia cavity. Auricle connected to ctenidia vein
about inits center, with long (posterior) portion asblind sac

of inverted flow. Kidney also similar to those of preceding
hipponicids, distinctive attributesfollowing. Renal chamber
deep and very compressed between anterior region of vis-
ceral mass and adrectal sinus. Renal tissue very thin, sur-
face smooth, covers posterior surface of left side and ante-
rior surface of left side, inthissometransversal folds. Neph-
rostomearelatively large dlit far from any other inner struc-
ture; located in left region of kidney chamber.

Digestive system (Figs. 357-364). Bucca mass and
odontophore organization somewhat similar to those of pre-
ceding hipponicids, interesting featuresfollows (Figs. 357-
363). Jaw plates well-devel oped, dlightly elliptical, median
and anterior cut edges. Dorsal folds broad and low, pos-
sessing tall and broad pair of anterior papillaein aperture of
sdlivary glands (Fig. 361). Dorsal chamber (between both
dorsal folds) shallow and broad, surface smooth.
Odontophore muscles: m1, relatively concentrated along
median line, in both sides (ventral and dorsal), particularly
crowd in anterior-dorsal edge; mla pair present, similar to
calyptraeids, m2 pair absent; mc and mj thick; m7 pair nar-
row, origin in subradular membrane bulged part (bb), run
attached to it separated from m4, insertion in radular sac,
closeto radular nucleus, mt, present, somewhat narrow, simi-
lar to calyptraeids; m10 pair not distinguishable, maybe
mixed wit mj; m14 pair closeto median line, narrow, originin
ventral-inner surface of mouth, run on ventral surface of
odontophore towards posterior, insertion in m4 pair cov-
ered by mt. Radular teeth somewhat similar to preceding
hipponicids, remarkable features following (Figs. 87-89):
rachidian tooth very broad and short, with about 15 to 19
small, pointed cusps, central cusp about 3 timeslarger than
neighboring cusps; lateral tooth about 2 times broader than
rachidian tooth, with 4 to 5 broad cuspson inner edgeand 7
to 9 narrow, pointed cusps on outer edge, apex broadly
pointed and tall, turned forward; inner marginal tooth tall,
narrow, tip flat, rounded (spoon-like), with about 10 very
small, terminal cusps; outer marginal tooth similar to inner
marginal tooth, but with pointed tip and with 4 to 5 very
small, subterminal cusps. Sdivary glandssmall, sac-like, long,
located separated from each other just posterior to
odontophore. Salivary ducts penetrate dorsal wall of buccal
massinitsposterior-dorsal region, open as described above.
Pair of buccal ganglia lateral located, covered by salivary
glands. Anterior esophagus relatively broad, inner surface
with pair of longitudinal, low folds located on dorsal side.
Middle esophagus coiled just posterior to nerve ring, inner
surface covered by about 20 very narrow longitudinal folds.
Stomach large (Fig. 364), transversally in center of visceral
mass, anterior to shell ventral plate. Esophagus crossesven-
tral surface of stomach transversally and insertsin its pos-
terior-right surface. Duct to digestive gland single, broad,
located in ventral-right gastric surface. Style sac completely
connected to intestine, weakly separated from each other.
Gastric inner surface mostly smooth, pair of folds separates
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esophageal from duct from digestive gland apertures, each
fold dlightly tall and broad, left fold shorter, straight, right
fold longer, curved. Gastric shield thin, located in opposed
side of esophageal aperture. Intestinewith 2 coiled regions,
separated by weakly sigmoid loop, region just after style
sac, located in its ventral surface; other region located in
adrectal sinusof pallial cavity roof. Form of intestinal |oops
in Fig. 364. Anus, as described above, long siphoned, lo-
cated inanterior-right region of pallial cavity (Figs. 348, 350,
353.3%4).

Genital system. Development. Apparently protandric
hermaphrodite, most of small specimens, upto 6 mm, males.
Specimens larger than 11 mm long always mature females.
Brood strategy differsfrom those of preceding hipponicids,
becauseit lacks brood concavity which holds capsule stalks.
Capsules, athough similar in shape to those of remainder
hipponicids, stay with stalks attached to substrate, in pe-
riphery of ventral calcareous plate (Fig. 369), protected by
shell.

Male (Figs. 353, 365, 366). Testispalecreamin color,
located in center of visceral massinside shell ventral plate.
Seminal vesicle small, intensely coiled, located in anterior
region of testismore concentrated at right. In posterior-right
region of pallia cavity, seminal vesicle gradually narrows.
Pallial vas deferens runs attached to right surface of pallia
floor very narrow and entirely closed (tubular); runsamost
straight up to posterior region of right cephalic tentacle base,
penetrating into penis base. Penis long, basal 1/3 broader
and flat, narrowing gradually; distal 2/3 narrow, flat, of uni-
form width along its length. Penis tip weakly broader,
rounded. Penis duct entirely closed (tubular), very narrow
and simple (not coiled), opensin center of penistip.

Female(Fig. 367). Ovary palebeige, smilarly located
astestis of males. Visceral oviduct narrow, origin in ovary
anterior edge, runs obliquely towards anterior and right.
Region of visceral oviduct preceding pallial cavity coiled,
itswallsgradually increasing forming narrow abumen gland,
newly narrow inregion preceding its connection with pallia
oviduct. Pair of seminal receptaclesdlightly broad, sac-like,
located in posterior surface of albumen gland insertion. First
receptacle smaller, almost spherical. Second receptaclelong
and narrower. Bursa copulatrix followsboth receptacles, size
about half of that of capsule gland, connected to it at short
distance from genital pore. Capsule gland elliptical, large
(about 1/5 of pallial cavity volume), located in posterior-
right region of pallial cavity. Capsuleglandinner lumenflat,
wallsthick-glandul ar, whitish. Capsule gland insertsby side
of bursa copulatrix in short vaginal atrium. Female genital
poresimple, dlit-like, located about in mid- region of pallia
cavity right edge. No brood concavity between head and
propodium.

Central nervoussystem (Figs. 368). Characterssimi-
lar to those of preceding species, relatively large ganglia,

concentrated far posterior from buccal mass. Sub- and su-
praesophageal gangliacloseto cerebral ganglia.

M easur ementsof shells(inmm). MZSP 31152291, 9.4
by 22.6;Q 2, 7.4by 17.5; MZSP31974,31, 25by 5.6;32,3.0
by 5.4, @ 5.6 by 1.0.

Distribution. North Carolina, USA, to Espirito Santo,
Brazil, also reported to Indo-Pacific (see comments bel ow).

Habitat. On hard substrates, mainly in hidden surface
of rocks and reefs, subtidal.

Material examined. BRAZIL ; Pernambuco; Fernando
deNoronhaArchipelago (Smone & SouzaJr. Col., vii/1999);
AtalaiaBeach, MZSP 31152, 69 (day 18); Conceigéio Beach,
MZSP 31411, 2 shells; Pontada Sapata, 21 m depth, MZSP
31323, 1 shell (day 18); Meio Beach, 4-6 m depth, 1 shell (day
22); Porto Beach, MZSP 31184, 13, 1 shell (day 17), MZSP
31240, 23(day 20); Buraco daRaguel, MZSP 31124, 9 speci-
mens (day 19); Between Meio Island and Ratalsland, 10 m
depthMZSP 30991, 13, 12 (day 21); Buraco do Inferno, Rata
Iand, 10 m depth, MZSP 31974, 33, 32 (day 19).

Discussion. C. equestris, described as Patella by
Linné (1758), has atype locality in the Indian Ocean. Nor-
mally it isregarded that the species occurs worldwidein all
tropical regions of the 3 Oceans (Leal, 1991; Rios, 1994).
However, it is quite possible that the present sense of C.
equestris, actually encompasses several species. If con-
firmed, the Brazilian material should be described as anew
species. Leal (1991: 92) found an undescribed species in
Abrolhos Reef complex, which surely is not the species
sampled herein. Under the above remarks, a conservative
approach is adopted here, and the sample studied wasiden-
tified as C. equestris. This is due to lack of comparative
material from othersregions, aswell aslack of previous stud-
ies.

Thegenus Cheilea, according to theliterature, iscon-
sidered both Calyptraeidae (e.g., Abbott, 1974; Leal, 1991)
and Hipponicidae (e.g., Rios, 1994). C. equestrisisthetype
species of the genus. Based on the material studied herein,
the close relationship with the hipponicids is clear. The ar-
rangement of the anterior region of head-foot is clearly of
hipponicid type, differing only by lack of brood glandular
concavity. Several characters of the digestive system also
corroborate the hipponicid nature of Cheilea, such as the
arrangement of the odontophore muscles and the presence
of asingleduct to digestive gland in stomach. The arrange-
ment of thepallial cavity isalso hipponicid-like, greatly com-
pressed by the visceral mass. The origin of the penis, basal
in head, isalso ahipponicid attribute. The confusion may be
duetothe superficial similarity of the Cheilea shell with that
of Crucibulum, asseen here, atrue calyptraeid (Owen, 1835;
this study). However, the central shell ventral plate differs
considerably. In Crucibulum, itisawhole cone (Figs. 15, 17,
18), whileis an incomplete cone in Cheilea (Fig. 43). Fur-

http://www.bi otaneotropica.org.br


http://www.biotaneotropica.org.br

Luiz Ricardo L. Simone - Biota Neotropica, v2 (n2) - BN01602022002 96

thermore, the arrangement of the structures around the shell
ventral plateiscompletely different. In Crucibulum, thefoot
wholly fillstheinner region of the shell ventral plate, and the
visceral mass stays in its left side. In Cheilea, the inner
region of theventral plateisalsofilled by visceral structures
(including gonad).

Family Capulidae

Genus Capulus Montfort, 1810
(Type species. Patellaungarica Linné, 1767)

Capulus sycophanta Garrard, 1961
(Figs. 90, 91, 370-387)

Capulussycophanta Garrard, 1961: 12 (pl. 2. figs 1a, b) [ho-
lotype AM C.63342; Typelocality: trawled in 25 fathoms
in Keppel Bay]; Wilson, 1993: 165 (pl. 22, figs 6a, b);
Beedey, Ross& Wells, 1998: 774.

Description.

Shell. Not examined, for shell characters see Garrard
(1961: 12), Wilson (1993: 165).

Head-foot (Figs. 371, 372, 374, 378). Form somewhat
similar to those of hipponicids. Distinctive and notable fea-
tures following. Head relatively small, projected forwards.
Snout with very long ventral projection, extending about 1/
3 length of foot, narrowing gradually. Snout projection dis-
tal end rounded, central notched; broad furrow runs along
itsdorsal surface. Mouth alongitudinal slitlocated in proxi-
mal end of furrow. Tentacles short, stubby. Eyes on small
and short protuberances of middle-outer side of tentacles.
Tentacles relatively far from each other. Foot sole planar,
sub-rounded. Anterior foot sole edge straight, with trans-
versal furrow of pedal glands. A very ample pedal fold
present, inserted parallel to anterior foot edge and at some
distance from that. Pedal fold edge very coiled, extending
amply ventral and anterior tofoot if straighted. Shell muscle
similar to those of hipponicidsin having horseshoe-attach-
ment to shell, with broad anterior ends, narrowing towards
median line. Although also convex, differsfrom hipponicids
by thick central region of foot and by more developed con-
nection between dorsal margin of shell muscle and visceral
sac. No projected propodium or glandular concavity for
brooding. Haemocoel broad in anterior half and narrow in
posterior half, most filled by transversal net of muscular
fibers. Head musclesthin, immersed in haemocoel wall.

Mantleorgans(Figs. 370, 371, 373, 375, 376). Mantle
border thick, smooth, except for some undulations in both
lateral extremities. Both extremities very muscular, left ex-

tremity with additional muscular fold. Pallial cavity slightly
triangular, occupying about half animal’slength. Osphradium
close and parallel to mantle border, in left region of cavity.
Osphradium long, monopectinate, length about 1/3 of pallial
cavity aperture. Osphradium leaflets narrow, distributed
along posterior side of osphradium ganglion attached to
adjacent mantle surface, most of them positioned obliquely
turned to virtual point close to anterior-left region of
osphradium (Fig. 376). Gill very large, occupiesabout half of
pallial cavity area, curved, mostly parallel to mantle border.
Anterior gill end on mantle border, closeto itsright extrem-
ity. Gill posterior end closeto pallial cavity posterior limit.
Gill lesfletstriangular, tall, curved. Afferent gill vessel broad.
Hypobranchial gland inconspicuous. Visceral mass en-
croaches by about 1/3 of pallial cavity area, in posterior-
right region, each organ described below.

Viscerd mass(Figs. 370, 373). Somewhat similar char-
acters to those of hipponicids, sac-like, spherical, partially
attached to dorsal surface of head-foot concavity. Gonad
pale brown, occupies ventral-posterior region, running to
posterior-dorsal region surrounding stomach. Digestive
gland a'so pale brown, located in remaining regions of vis-
ceral mass around stomach, anterior to gonad. Pericardium
and kidney asanterior limitsof visceral massin mantleroof.

Circulatory and excretory systems(Figs. 373, 377).
Heart relatively large, located in | eft region of visceral mass,
part dorsal to gill’s posterior end. Auricle connection with
ctenidial vein sub-terminal, with small part of ctenidial vein
posterior to this connection. Ventricle posterior to auricle.
Kidney large, trapezoid, dorso-ventrally flattened, located
a central and right limits of visceral mass in pallial roof.
Ventral and posterior inner renal surfaces without glands.
Nephridial gland narrow, thin, triangular in section, located
in dorsal region of membrane between kidney and pericar-
dium. Intestine with small loop inside kidney chamber cen-
tral-posterior region free from renal tissue. Renal lobes a
singlemassive, solid, folded massfulfilling dorsal and ante-
rior renal chamber around intestine. Nephrostome a small
dlitin middle-anterior region of membrane between kidney
and pallial cavity.

Digestive system (Figs. 378-386). Buccal mass just
posterior to mouth, extending beyond snout. Snout base
with partial capacity of retraction inside haemocoel. Snout
retractor muscles thin, ventral attached to haemocoel ven-
tral wall. Jaw plates small and thin. Buccal mass and
odontophore muscles (in comparison with those of
calyptraeids) (Figs. 379, 380, 382-385): mlapair present, thin;
mlc pair similar to mlabut located ventrally, insertion close
to those of m2; m2 pair long, broad and thick, insertion partly
inouter surface of buccal massdorsal wall and mostly inmyj;
mj pair long and dightly thin; mt and mc similar but thin; m2a
absent; m4 pair short end extremely thick (about half of
odontophore volume), origin in posterior surface of
cartilages, insertion in tissue on radula (to) and adjacent
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Figures 370-375, Capul us sycophanta anatomy: 370, femal e extracted from shell, whole dorsal view; 371, same, ventral
view; 372, head-foot, female, dorsal view; 373, pallial cavity and visceral mass, ventral view; 374, head and anterior
region of foot, frontal-slightly ventral view; 375, pallial cavity, transversal section tangent to rectum. Scales=2 mm.
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Figures 376-381, Capulus sycophanta anatomy: 376, detail of osphradium and adjacent surface of mantle, ventral view;
377, detail of left transition pallial cavity-visceral mass, ventral view, kidney and pericardium opened longitudinally,
with their inner surfaces shown; 378, head and haemocoel, ventral view, foot extracted; 379, buccal mass and anterior
esophagus, ventral view; 380, same, lateral-left, slightly ventral view; 381, dorsal wall of buccal mass and anterior
esophagus, ventral view, odontophore extracted, esophagus opened longitudinally. Scales= 1 mm.
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Figures 382-387, Capulus sycophanta anatomy: 382, odontophore, dorsal view; 383, same, ventral view, radula
partially removed and deflected, both cartilages deflected, only right m5 (left in fig.) still connected to radular sac;
384, left half of odontophore, dorsal view, most muscles deflected; 385, odontophore, detail of median region after
longitudinal section of m6; 386, middle and distal digestive tubes, ventral view, seenin situ if remainder structures
were transparent, topology of some neighbor structures also indicated; 387, visceral and pallial female genital organs
and adjacent structures, ventral view, ovary only partially shown. Scales=1 mm.
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region of radular sac, narrow part of m4 pair also attached to
subradular membrane (br) parallel to cartilages; m5 pair short
and thin, origin on m4 posterior-outer surface, run some-
what perpendicular to m4 covering them, insertionin radular
sac just ventral to m4 insertion; m6 short and thin; m7 very
thin, single, origin oninner surface of subradular membrane
onmedian line, insertion inside radul ar sac posterior region;
m8 and m9 absent; m10 pair thin; m11 pair narrow and very
long origin in posterior-ventral region of haemocoel inner
surface, runs anteriorly passing through nerve ring, after
running parallel to m2, penetrates odontophore by side of
radular sac, insertion in subradular membrane in each side
of m7. Dorsal wall of buccal massinner surfacewith pair of
tall folds located posterior to jaws (Fig. 381). Radular sac
short and narrow. Radular teeth (Figs. 90, 91): rachidian tooth
broad, with about 15 cuspsin cut-edge, central cusp much
broader than neighboring cusps; lateral tooth alittle broader
than rachidian, tip pointed, 2 cusps on inner and about 7
cusps on outer edge; inner and outer marginal teeth similar
with each other (outer weakly narrower), tip pointed, 1-2
subterminal, small cusps. Salivary gland aperturein middle
of anterior end of dorsal folds. Salivary glands very small
totally immersed in outer surface of buccal massdorsal wall
(Fig. 380). Anterior esophaguswith pair of tall longitudinal
folds (Fig. 381). Middle and posterior esophagus with about
8 longitudinal, low, narrow folds being 2 of them continua-
tion from those of dorsal wall of buccal massand from ante-
rior esophagus. Stomach narrow and long, located longitu-
dinally in middleregion of visceral mass (Fig. 386). Esoph-
ageal insertion in posterior region of stomach. Ducts to di-
gestive gland originate just anterior to insertion of esopha-
gus, generally 3 ducts, with middle duct very narrow. No
clear style sac. Stomach narrows close to kidney middle-
posterior region. Intestine, after stomach, with small loop
(Fig. 386), then runstransversally edging posterior edge of
renal chamber. After renal chamber intestine possesses 2
largeloops compressed with each other in pallial cavity roof.
After loops rectum runs straightforward. Anus small, pa-
pilla-like, closetoright extremity of mantle border.

Genital system (Fig. 387). Only females examined.
Visceral oviduct short and narrow, connects ventral-ante-
rior region of ovary with anterior end of albumen gland.
Albumen gland conic, located posterior to remainder pallial
oviduct inside visceral mass. Bursacopulatrix small, dorsal,
connected by narrow duct in opposite side to insertion of
visceral oviduct. Capsulegland large, blind-sac, wallsthick,
located in pallia roof surrounded by intestinal loops. Geni-
tal poreasmall papillajust posterior to anus.

Central nervoussystem (Fig. 380). Somewhat similar
to those of preceding species, but with pedal ganglia far
from cerebral-pleural ganglia(connectiveslong and narrow).
Nerve ring located very posterior to buccal mass and far
fromsalivary glands.

Distribution. Probably occurs north of the type lo-

cality in Keppel Bay (Wilson, 1993), Australia.

Habitat. In scallop beds, subtidal; attached to shells
of Amusium balloti Bernardi (cf Garrard, 1961).

Material examined. AUSTRALIA; Queensland; 60
km NE of Yeppoon, 20°50' S 151°11' E, 46-55 m depth, AMS
07348, 3@ without shells(sta. 1774C; T. Nielson col ., 1969-
1970, trawled).

Family Trichotropidae

Genus TrichotropisBroderip & Sowerby, 1829
(Type species: Turbo bicarinatus Sowerby)

Trichotropis cancellata Hinds, 1843
(Figs. 44-45,92, 388-413)

Trichotropis cancellata: Abbott, 1954: 167-168 (pl. 24b);
Yonge, 1962: 160-179 (figs. 1-10); Pernet & Kohn, 1998:
349-355(figs. 1-3).

Trichotropis(Turritopis) cancellata: Abbott, 1974: 138 (fig.
1519).

Description.

Shdll (Figs. 44, 45). Spiretall, multispiral, conic. Whorls
convex. Sculpture spiral and axial ridges, both predominat-
ing. Periostracum clear brown with projections coincident
with axial ridges. Aperturesimple, rounded. Other detailsin
Yonge(1962: 161-162, figs. 1-2).

Head-foot (Figs. 388, 389, 394, 396, 397). Head out-
standing, large, broad. Tentacles stubby, ommatophores
very small, approximately on middlielevel of outer surface.
Eyes dark, relatively small. Snout with partial capacity of
retraction within haemocoel . Snout anterior margin modified
by slightly long and flattened projection, directed ventrally
and posteriorly; this projection with broad furrow initsdor-
sal surface, furrow narrows up to mouth; undulated folds
edging this furrow. Snout base with partial capacity of re-
traction inside haemocoel . Mouth longitudinal, small, located
closer to dorsal region of anterior snout surface. Foot some-
what large, very similar to normal fashion of
caenogastropods. Opercular pad sub-terminal. Sole planar,
relatively small. Anterior furrow of pedal gland well-devel-
oped, at some distance from snout base, edged by very
thick borders. Columellar muscleaso similar to normal fash-
ion of caenogastropods, of about 1.5 whorls. All examined
specimens, including femal es, have penis (described below).
A pair of head muscles present, very broad, originin lateral
regions of foot, run towards posterior, inserts along head
integument. Pair of foot retractor muscles small, origin on
anterior-ventral region of haemocoel, run towards anterior,
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Figures 388-394, Trichotropis cancellata anatomy: 388, head-foot, femal e (despite the penis), frontal-dorsal view; 389,
same, lateral-right view; 390, pallial cavity roof, ventral-inner view; 391 operculum, outer view; 392, same, inner view;
393, pallial cavity roof, transversal section through middlelevel of osphradium; 394, head, frontal-slightly ventral
view. Scales=1mm.

http://www.bi otaneotropica.org.br


http://www.biotaneotropica.org.br

Luiz Ricardo L. Simone - Biota Neotropica, v2 (n2) - BN01602022002

102

=,

b
Cl

"

i
]
]
]
]
L

Figures 395-401, Trichotropis cancellata anatomy: 395, pallial cavity, detail of itstransition with visceral mass, ventral
view, kidney and pericardium opened longitudinally, their inner structures exposed; 396, foot and columellar muscle,
former in dorsal view, head and dorsal wall of haemocoel removed; 397, head and haemocoel, ventral view, foot
removed (complement of fig. 9); 398, buccal mass and anterior esophagus, dorsal view; 399, dorsal wall of buccal
mass and anterior esophagus, ventral view, odontophore removed, esophagus opened longitudinally; 400, buccal
mass and adjacent esophagus region, lateral-left view; 401, same, ventral view. Scales=1 mm.
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Figures 402-409, Trichotropis cancellata anatomy: 402, odontophore, dorsal view; 403, same, ventral view, its
superficial membrane removed; 404, same, dorsal view, posterior muscles and membrane sectioned and deflected;
405, posterior end of pallial oviduct, dorsal view; 406, right margin of pallial cavity roof, female, ventral-inner view
407, left half of odontophore, ventral view, m5 weakly deflected showing structures covered by it; 408, same, m5

totally deflected; 409, nervering, dorsal view. Scales= 1 mm.
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Figures 410-413, Trichotropis cancellata anatomy: 410, middle digestive tube and adjacent reno-pericardial structures,
ventral view, shown if remainder structuresweretransparent, ventral wall of pericardium removed; 411, pallial oviduct,
transversal sectioninits middleregion; 412, same, whole dorsal view; 413 same, wholeventral view. Scales=1 mm.
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insertion in anterior margin of foot, mainly in region of pedal
gland furrow. Pair of retractor muscles of proboscisslightly
large, originin ventral-middle region of haemocoel closeto
median line, insertion in ventral and lateral surface of pro-
boscis. Other detailsin Yonge (1962: 163-164, figs. 2-3).

Operculum (Figs. 391, 392). Corneus, eliptical, thin.
Occupies entire aperture. Nucleus excentric, located close
to outer-inferior margin. Outer surface with concentric un-
dulations. Scar narrow, edging inner margin.

Mantle organs (Figs. 390, 393, 406). Mantle border
thick, simple, without projections, siphon or pigment. Pallial
cavity of about 1 whorl. Osphradium relatively large (about
half of gill length), monopectinate, long. Osphradium poste-
rior region edging left margin of cavity; anterior region par-
allel to mantle border. Osphradium filaments slightly trian-
gular, tip rounded, located only on right side of osphradium
ganglion. A low glandular ridge detectabl e between gill and
osphradium. Gill large (Iength approximately same asthat of
cavity) and long. Gill filamentstall, base broad, irregularly
narrow up to slender tip. Ctenidial vein slightly narrow, in
base of rods. Rod extendslittle beyond membranous part of
filament. Anterior region of gill on mantle border. Between
gill and rectum a broad space (almost 3 times broader than
gill area). Hypobranchial gland greenish, slightly tall, pre-
senting small glandular chambers, occupies most of area
between gill and rectum. Rectum somewhat narrow, edging
right margin of cavity at about 4/5 of its length. Anus si-
phoned, short, at some distance from mantle border.
Gonoducts running ventral and at right from rectum at al-
most its entire length, more details below. Other detailsin
Yonge(1962:165-167, figs. 2-5).

Excretory and circulatory systems (Figs. 395, 410).
Heart relatively small, located right of posterior gill end.
Auricletriangular, with anterior surface connected to ante-
rior margin of pericardium. Ctenidial vein contours posterior
limit of pallial cavity and inserts in left region of auricle.
Kidney large, occupiesmost of anterior limit of visceral mass.
Dorsal lobe flattened, with several transverse, not uniform
furrows, occupying most of dorsal surface of kidney cham-
ber. Ventral lobe smaller, more concentrated in right region
of kidney chamber partly connected tointestine. Both lobes
connected to each other in middle and right regions. An
intestinal loop edges posterior limit of kidney. Nephrostome
asmall dlit approximately in middleregion of membrane be-
tween kidney and pallia cavity, neither adjacent glandular
folds nor vessels.

Visceral mass. Very similar charactersto normal fash-
ion of caenogastropods, with gonad in peri-columellar re-
gion and digestive gland occupying remainder space. Stom-
achrestricted tofirst whorl of viscera mass, whichis2whorls
more posterior toit. Other detailsin Yonge (1962: 163, fig. 4).

Digestivesystem (Figs. 397-404, 407, 408, 410). Buc-
cal mass large, about half of haemocoel volume. Oral tube

well-devel oped, thick, muscular. Pair of jaw platesthin, later-
aly broad, short in length. Pair of dorsal folds very broad,
aperture of salivary glandslong, large, in middle of anterior
region of thesefolds (Fig. 399). Dorsal chamber somewhat
deep, inner surface smooth. Odontophore muscles slightly
similar to those of Crepidula spp., distinctive or notable
featuresfollowing (Figs. 398, 400-404, 407, 408): m1) no dif-
ferentiated pair detectable; mj) thick and long, immersedin
oral tube, absent in ventral region, occupied by m10; m2) as
in Crepidula; m2a) absent; m4) pair broad, slightly thin,
surround posterior region of cartilages, insert in lateral and
dorsal surface of middle region of radular sac; m5) pair of
equivalent size as m4, origin in dorsal, lateral surface of
odontophore, surround externally m4, insert in radular sac
just posterior to m4 insertion; m6) horizontal muscle, rela-
tively thin; mt) present, similar to those of calyptraeids, m7)
pair extremely thin and narrow, only somefibers, originatein
subradular membraneinner-anterior surface, contour mé to-
wardsventral and posterior, insertion in radular sac ventral-
median surface at some distance from nucleus; m7b) pair
dlightly broad, origin in dorsal-median surface of mt, runs
towards posterior within radular sac, insertion in dorsal sur-
face of radulaanterior to radul ar nucleus; m8) pair absent as
differentiated muscles, maybe part of ventral m4 region con-
nected to cartilages; m9) absent; m10) pair well devel oped,
asventral part of oral tube; m11) long pair, insertionin bulged
part of subradular membrane (bb) somewhat thin, contour
anterior region of odontophore towards ventral and after
posterior through m10 pair, originin ventral inner surface of
haemocoel, close to median line, in adjacent posterior re-
gion of odontophore; m14) pair present, but thin and lo-
cated laterally, originin anterior-lateral-inner surface of pro-
boscis, runstowards posterior, insertion in lateral -posterior
region of odontophore surface. Radular teeth (Fig. 92): rachid-
ian tooth narrow, cut edge pointed, with about 3-4 weak,
subterminal cuspsin each side; lateral tooth with about twice
rachidian width, tip pointed, curved inwards, cuspslacking;
inner and outer marginal teeth similar with each other (outer
weakly narrower than inner tooth), tall, curved, tip sharp
pointed (hook-like), cuspslacking. Salivary glandsvery small
(Fig. 398), rarely extending beyond odontophorelevel, den-
der, most attached to dorsal surface of buccal mass. Salivary
ductsrunimmerseindorsal wall of buccal massand open as
described above. Pair of pouchessmall, thin-walled, inform
of irregular and expanded diverticles located in both sides
of esophagus just posterior to buccal mass. Esophagus
dlightly narrow and long; anterior esophaguswith only pair
of folds (continuation from those of buccal mass); gradually
secondary folds appear in middle esophagus, both folds
continuation of those of anterior esophagustaller (Fig. 399);
posterior esophaguswith 5to 8 similar sized, low, longitudi-
nal folds. Other detailsin Yonge (1962: 167-168).

Stomach (Fig. 410) large, broad, occupying about half
volumeof first whorl of visceral mass. Esophagusand intes-
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tine connecting stomach in anterior side, side-by-side
(esophagus left). Duct to digestive gland not examined (all
specimens damaged in region) but sufficiently described by
Yonge (1962: 168, fig. 6), with style sac connected to intes-
tineand 2 ductsto digestive gland. Gastric shield with trans-
verse low folds, located in dorsal surface. Intestine simple,
without differentiable style sac. Intestinein “S’ form, con-
touring posterior margin of kidney (Fig. 410). Rectum and
anus (Fig. 406) described above.

Genital sysem. Male(Figs. 388, 389). (Examined Speci-
men dlightly immature.) Seminal vesicle and prostate absent.
Pallial sperm grooverunsin pallial floor fromright-anterior
region to penis base. Penis sub-cylindrical (somewhat flat-
tened), slightly short. Penis origin just posterior to right
tentacle. Penistip rounded. Penisgrooverunsat lateral mar-
gin up to penistip.

Female (Figs. 405, 406, 411-413). Viscera oviduct nar-
row, insertson right-ventral region of albumen gland. Pallial
oviduct large, with about 2/3 of pallial cavity length; runsat
right margin of cavity dorsd to rectum. Albumen gland white,
small, cylindrical, located in right-posterior region of pallial
oviduct. Seminal receptacle small, spherical, connected to
posterior-dorsal surface of albumen gland by narrow duct.
Vaginal tube runs anterior to albumen gland edging right
surface of pallia oviduct. Capsulegland large, broad, dorso-
ventrally flattened, opened to vaginal tube aong its right
margin. Capsulegland with thick, yellowish glandular walls.
Bursacopulatrix large (almost same sizeascapsulegland in
some specimens), broad, dorso-ventrally flattened; expands
posterior to pallial oviduct sometimes encroaching dorsal
surface of kidney. Bursa anterior region runs dorsal to pos-
terior region of capsule gland, gradually narrowsup to slen-
der duct. Bursa duct connects with vaginal tube dorsal-left
surface, in level between middle and posterior third parts.
Bursawall relatively thick glandular, yellowish. Female pore
asmall papillaon anterior end of vaginal tube; apair of small
folds extends beyond femal e pore on right margin of pallial
cavity. Penissimilar to those of malespresent in al females.
Other detailsof genital systemin Yonge (1962: 170-174, fig.
7.

Central nervoussystem (Figs. 409). Nervering simi-
lar to those of Crepidula spp., but weakly less concentrated
and located more anterior (posterior to buccal mass). Sub-
and supra-esophageal ganglialocated slightly near to nerve
ring, connected by short connective with parietal ganglia.

Habitat. On muddy and rocky bottoms, other details
inYonge(1962: 175-177,figs. 9, 10).

Distribution. Bering Seato Oregon, USA.

M easur ementsof shells(inmm). USNM 857615: 10.8
by 6.8.

Material examined. UNITED STATESOFAMERICA;

Alaska; Seldovia, Outside Beach, BMNH, 1 female (D.G.
Reid leg., 6/viii/1988); Washington; San Juan Idand; off Fri-
day Harbor MarineLab, 15-17 m depth, USNM 857615, 13,
4%, 2 shells (G. Rosenberg col.; 13/viii/1983); 5.5 m depth,
USNM 857628, 13'(24/iv/1987).

Trichotropisborealis Broderip & Sowerby, 1829
(Figs. 46, 47,93, 414-419)

Synonymy in Rosenberg, 1996. Complement:

Trichotropis borealis: Graham, 1954: 129-143 (figs. 1-2);
Abbott, 1954: 167 (pl. 24d); Fretter & Graham, 1962: 54,
62,152, 153, 157,232, 262, 310, 316, 369, 377,628, 643, 683
(fig. 95); Abbott & Morris, 1995: 178.

Trichotropis (Ariadnaria) borealis: Abbott, 1974: 138 (fig.
1518).

Description.

Shell (Figs. 46, 47). Similar to that of T. cancellata,
except for ampler aperture and lower spiral ribs. Other de-
tailsin Abbott (1974: 138).

Head-foot and oper culum (Fig. 414). Characterssimi-
lar tothoseof T. cancellata, inclusive snout projection, small
ommatophore, thick borders surrounding pedal glands fur-
row and operculum location. A pair of shallow furrow sepa-
rating sole from dorsal region of foot present. Penis present
inall specimens, inclusivefemales. Other detailsin Graham
(1954, fig. 1); Fretter & Graham (1962: 157, fig. 95).

Mantle organs (Figs. 415, 416). Similar features of
those of T. cancellata. Distinctive and notable features fol-
lowing. Siphon more developed and slightly differentiated
form mantle border. Osphradium monopectinate, also with
filamentsonly at right of osphradial ganglion. Gill filaments
with longer and narrower tip, constituted only by rod.

Circulatory and excretory systems. Very similar in
charactersto those of T. cancellata, except for dlightly larger
sizeof heart and pericardium.

Visceral mass. Similar to that of preceding speciesas
well as of normal fashion of caenogastropods, but short
(about 1.5 whorls).

Digestivesystem (Fig. 417). Charactersof buccal mass
similar to those of T. cancellata, included large pair of re-
tractor muscles of proboscis, m7b present and m14 laterally
located. Radular teeth also very similar to those of preced-
ing trichotropid species, with following remarks: rachidian
tooth with 9 to 13 small cusps, central cusps about twice
larger than neighbor cusps; lateral cusp about 1.5 times
broader than rachidian tooth, 0 to 2 small cusps in inner
margin and 4 to 8 small cuspsin outer margin, apex broadly
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Figures 414-419, Trichotropisborealis anatomy: 414, head-foot, femal e (despite penis), lateral -right view; 415, pallia
cavity roof, ventral-inner view; 416, same, transversal section through middle region of osphradium; 417, middle
digestive tubes, ventral view, seen in situ if remainder structures were transparent; 418, pallial oviduct, dorsal view;
419; same, ventral view, part of visceral oviduct and transversal sectionsin 2 indicated levels also shown. Scales=1
mm
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pointed; inner marginal tooth with about double width of
outer marginal tooth, both lacking cusps. Salivary glands
also small, but slightly longer than that of preceding spe-
cies. Esophageal features similar to those of T. cancellata,
including pair of pouches and distribution of inner folds,
but, as noted by Yonge (1962), glandular tissue poorly de-
veloped. Stomach slender, “U” -shaped; 2 ductsto digestive
gland; anterior duct small, narrow, located just posterior to
esophageal insertion in stomach; posterior duct broader,
located on left surface of intestinal origin in stomach. Inner
surface of stomach and intestinal loops characterssimilar to
those of T. cancellata, except for longer region of intestine
between stomach and kidney.

Genital system. Male(Fig. 414). Charactersvery simi-
lar tothose of T. cancellata, except for dlightly longer penis,
which narrows gradually up to slightly sharper tip.

Female (Figs. 418, 419). Characters similar to those of
T. cancellata. Distinctive or notable features following. Vis-
ceral oviduct posterior region convolute, reminiscent of male
seminal vesicle. Albumen gland not so distinct, immersed in
remaining pallial oviduct. Seminal receptacle spherical, lo-
cated just posterior to insertion of visceral oviduct in pallial
oviduct. Vaginal tube runs in pallia cavity floor, edging its
right margin. Capsule gland large, very thick walls; occupies
most of pallial oviduct at about 2/3 of cavity length. Bursa
copulatrix smaller than that of preceding species, also lo-
cated dorsal to capsule gland, slightly elliptical, narrows
gradually in anterior region, curves towards posterior by
short distance, connect with vaginal tube posterior extrem-
ity just anterior and to right of insertion of visceral oviduct.

Habitat. Deep waters, from 2 to 192 m depth.
Distribution. Arctic North Atlantic.

M easurements of shells (in mm). AMNH 2433: 18.4
by 11.4.

Material examined. SWEDISH; Hvita; On Solowetskij,
SMNH 865, ZQ(Knipowitsch col., 1894). DENMARK;
Greenland; Etah, AMNH 2433, 12(M.C. Tanquary col., 7/x/
1914, Crocker Land Expedition). GREENLAND; Etah; AMNH
2433, 1 (M.C. Tanquary; Crocker Land Expedition, 7/ix/
1914). UNITED STATED OF AMERICA; Georges Bank,
Northern slope, 41°34'N 68°59"W, 117 m depth, USNM
847722, 18 (MMS/BLM col.; sta. 40; xi/1977).

Trichotropis sp.
(Fig. 48)

A single specimen of a un-identified species was avail-
able for study, from which an anterior part of the animal was
extracted. Although the study was not enough for a de-
tailed anatomy, it revealed some interesting data .

Shell (Fig. 48). Similar to T. borealis, but only sculp-
tured by strong, uniform spiral ridges, 7 in last whorl. Aper-
ture ampler.

Head-foot and oper culum. Very similar to those of pre-
ceding Trichotropis. Tentacles longer (about 5 times snout
length). A small ommatophore present.

Mantle cavity. Very similar characters to T. borealis,
inclusive more developed siphon. Gill of intermediate size
between those of T. borealis and T. cancellata.

Digestive system. Bucca mass and esophagus char-
acters very similar to those of Trichotropis spp., including
pair of esophageal pouches and small salivary gland (al-
most entirely immersed in dorsal wall of buccal mass). Origin
of m2, rm and m11 pairs singular in being all united in single
muscular block. Radular teeth characters similar to those of
T. cancellata, with following remarks: rachidian tooth with 2
to 5 small pairs of subterminal cusps; lateral tooth narrower
(about same width as rachidian), with 5 to 7 small cusps on
outer edge.

Genital system. Female. No detailed examination of
genital organs, but the total absence of penis in examined
female is a notable feature, because all females of both pre-
ceding Trichotropis species have a penis very similar to
those of males. Yonge (1962: 169) aready pointed out the
“large penis invariably present in all but the very smallest
animals’ in T. cancellata.

M easur ements of shells (in mm): 10.5 by 8.2.

Material examined. UNITED STATED OF AMERICA;
Alaska; N. E. off St. Lawrence Island, 64°35 06" N
168°00"06" W, 27 m depth, USNM 836919, 12 (sta. 269 LGL
Ecological Res. Asso., 24/vii/1982).

Family Vanikoridae

Genus Vanikoro Quoy & Gaimard, 1832
(Type species: Sigaretus cancellata Chemnitz)

Vanikoro sp.

(Figs. 51-53, 95-97, 420-435)

Description

Shell (Figs. 51-53). Large, thick walled, white, glo-
bose, spiral. Spire well-developed, with about half size of
body whorl. Sculpture oblique, axial undulations and nar-
row, uniform, weak spiral threads, with 4-5 very weaker
threads and many microscopic striae in between. Aperture
round, ample, strongly opisthocline (Fig. 53), lips thick.
Umbilicus very narrow.

Head-foot (Figs. 420, 423, 426, 434). Head large, pe-
duncled, socket-like. Snout small and conic. Snout anterior
end bilobed, with several transversal furrows. Tentacles very
large and flattened, base narrow and thick, located on each
side of snout, suddenly becomes broad and flat; close to
distal end suddenly narrow; tentacle tips small, pointed. Eyes
very small, dark, slightly far from surface (seen by transpar-
ence of the integument). A pair of large and ample nuchal
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Figures 420-425, Vanikoro sp. anatomy: 420, head-foot, female, dorsal view; 421, pallial cavity roof and visceral mass,
ventral view; 422, femal e, whol e specimens extracted from shell, dorsal view; 423, head-foot, ventral view, specimen
without operculum, but with its usual position indicated; 424, pallial cavity roof, transversal section tangential to
rectum; 425, nervering, ventral view. Scales=2 mm.
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Figures 426-430, Vanikoro sp. anatomy: 426, head and haemocoel, ventral view, foot removed; 427, buccal mass and
anterior esophagus, lateral-right view; 428, dorsal wall of buccal mass and anterior esophagus, ventral view,
odontophore removed, esophagus opened longitudinally; 429, odontophore, ventral view; 430, same, both cartilages
deflected, radular sac removed downwards, right m5 (leftin fig.) also deflected. Scales=1 mm.
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Figures 431-435, Vanikoro sp. anatomy: 431, odontophore left half, lateral-left view, m2 sectioned closeto its base, m5
deflected; 432, pallia oviduct, ventral view, rectum removed (indicated by dotted line); 433, odontophore, ventral
view, detail of median region after longitudinal section of m6; 434, head-foot, posterior-opercular view; 435, middle
and distal digestive tubes, ventral view, adjacent reno-pericardial areaand pallial cavity also shown, ventral wall of
pericardium and adrectal sinusremoved, kidney chamber sectioned along its ventral edge, its ventral-anterior wall
deflected. Scales=1 mm.
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lobes somewhat similar to those of calyptraeids, but thicker
and broader. Nuchal lobes as lateral folds inserted along
both sides of head-foot, anterior edges straight and thicker,
located forward in each side from head. Foot small and cy-
lindrical, circular in section. Propodium similar to those of
hipponicids, long and flat, with pedal glands furrow in distal
edge. No glandular concavity. Propodium located between
foot sole and head. Columellar muscle very thick and short,
about ¥2 whorl. Haemocoel elliptical, filled with net of trans-
verse muscle fibers as most of preceding species. Pair of
lateral-ventral snout retractor muscles large.

Oper culum (Fig. 434). Present in single specimen, very
thin, yellow, edges irregular. Nucleus terminal. Sculpture ra-
dial. Partially occupies aperture.

Mantle organs (Figs. 421, 422, 424). Mantle border
thick and simple, without folds. Left and right extremities
thick muscular, possessing secondary muscular folds. Pal-
lial cavity slightly deep (about 1 whorl). Osphradium long
and narrow, ridge-like, length about half that of pallia cavity
aperture; located just posterior and parallel to mantle bor-
der, initsleft extremity. Gill very large, occupying about half
of pallial cavity area. Gill anterior end on mantle border, lo-
cated dlightly at right of its middle region. Gill posterior end
close to posterior limit of pallial cavity. Gill lesflets very tall,
triangular, with rods on both sides (left rod broader), almost
straight (weakly turned to right). Ctenidial vein narrow. En-
dostyle absent. Afferent gill vessel narrow, runs inside gill’s
right edge. Hypobranchial gland thick, whitish, located be-
tween gill and visceral organs, more developed in posterior
half of pallial cavity where possesses some transversal folds.
Part of visceral massencroacheson pallial cavity roof, each
organ described below.

Visceral mass (Figs. 421, 422). Characterssimilar o
those of trichotropids, with about 3 whorls. Stomach very
large, occupying last visceral whorl. Gonad cream in color,
located in dorsal and peri-columellar regions of each whorl.
Digestive gland pale brown, in ventral side of each viscera
whorl. Gonad and digestive gland also cover stomach.

Circulatory and excretory systems(Figs. 421, 435).
Heart relatively small, located at | eft-posterior limit of pallia
cavity, partly dorsal to posterior gill region. Auricle small,
anterior, connected to ctenidial vein beforeitsposterior 1/3.
Posterior 1/3 of ctenidial vein as blind-sac. Kidney narrow
and curved, located in middle region of pallial cavity poste-
rior limit. Renal tissue asingletall solid mass, triangular in
section, transversly folded, contouring gastric style sac and
adjacent intestine but not attached to them. Nephrostome a
small transverse glit in right region of membrane between
kidney and pallial cavity.

Digestive system (Figs. 426-431, 433, 435). Bucca
mass large, mostly located inside snout. Snout-proboscis
with partial capacity of retraction inside haemocoel by pow-
erful snout retractor muscles. Jaw plates narrow, oblique
(Fig. 428). Buccal mass and odontophore muscles (in com-
parison to those of calyptraeids) (Figs. 427-431, 433): mc

thin and broad, forming slightly long and conic oral tube;
m1 no par differentiated except some small anterior pairs
closeto medianline; ma, pair of lateral dilator muscles, small
and narrow, origininlateral inner surface of peribuccal wall,
penetrate in mj fibers, insertion in region of jaws; m2 pair
similar; m2aabsent; m3 pair of transversal, narrow muscles
surrounding radular sac region penetrating odontophore;
m4 pair similar to those of hipponicids, but with thicker dor-
sal portion attached to cartilages and adjacent subradular
membrane (br), after this region m4 contour m2 insertion;
mb5 pair similar to those of hipponicids, thin, long, originat-
ing from m4; m6 thin and long, with about samelength than
cartilages; m7 small, origin in subradular membrane anterior
region, closeto median line, in 2 branches, in short distance
unite with each other and run in single band, insertion in-
side radular sac. Dorsal wall of buccal mass with pair of
broad and low folds, with jawsastheir inner-anterior protec-
tion. Aperture of salivary glandslongitudinal dlits,inmiddle
region of dorsal foldsin shallow furrows. Salivary glands 2
amorphous masses just posterior to buccal mass (Fig. 427),
not passing through nerve ring. Radular sac short. Radular
teeth (Figs. 95-97) somewhat similar to those of hipponicids:
rachidian teeth broad, central cusp pointed, a lot of (about
25 pairs) of secondary cusps, long, small and very slender;
|ateral tooth about 4 times broader than rachidian, low; outer
and inner lateral teeth with about samelength aslateral tooth,
but tall and slender; lateral and both marginal teeth with
series of several small, long and slender cusps in median
region of outer edges. Esophagus narrow, with about 8-10
inner longitudinal, low folds. Stomach (Fig. 435) very large,
esophageal insertion in its middle-left region. Ducts to di-
gestive gland just posterior to esophageal insertion, in gas-
tric ventral surface. Gastric inner surface mostly smooth,
pair of narrow, low folds run along left surface up to esoph-
ageal insertion; another pair situated somewhat perpendicu-
lar to preceding pair, separating esophageal insertion from
style sac aperture; another tall transverse fold in intestinal
origin. Style sac dlightly long, anterior, with about half of
stomach length and width. Intestine narrow, compl etely sepa-
rated from style sac but attached to it at about its proximal
half length, both with singlewall. After this distance intes-
tine and style sac separate from each other. Intestine con-
tours style sac and anterior gastric wall, after possesses
severa loopsinamplepallial adrectal sinusasshowninfig.
435. Anus a short and broad papilla at some distance from
mantle border.

Genital system. Only femalesexamined (Fig. 432). Vis-
ceral oviduct very narrow, runs on columella up to central
region of pallial cavity posterior edge; in this region sud-
denly curves right and runs to right-posterior limit of this
cavity. Visceral oviduct inserts sub-terminally in cylindrical
vaginal tube. Seminal receptaclevesicular and dightly large,
insertsin opposite side to visceral oviduct insertion. Albu-
men and capsule glands a single flattened mass, with thick
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glandular walls, part located dorsal to adrectal sinus. Albu-
men gland connection with vaginal tube narrow. Capsule
gland amply connected to vagina tube. Vaginal tube ex-
tends posterior to insertion of visceral oviduct as bind-sac
and lies along right margin of oviduct up to genital pore.
Genital porealongitudinal dlit turned to right.

Central nervoussystem (Fig. 425). Nervering char-
acters similar to those of preceding species, localized far
removed from buccal mass. Gangliadightly small, pedal gan-
glia separated from other 2 pairs. Subesophageal ganglion
closeto nerve ring with additional bridge dorsal to esopha-
gus.

M easur ementsof shdls(inmm). AMS353090: 1) 22.6
by 25.4; 2) 19.9by 21.1; 3) 20.7 by 23.7.

Habitat. Under coral.

Material examined. VANUATU; Bay of Lenakel, Tonna
Idand, 19°32' S169°16' E, AM S353095, 1Q(W. F. Ponder cal.,
1966). AUSTRALIA; Queendand; Heron Island, Capricorn
Group, 23°27' S151°5'E, AMS 353090, 3 Q(A. Warén & C.
Lambcal., 23/viii/1985).

Note: Some of data discussed in preceding section
are also based on other papers on other species, which
complement someinformation unavailablein studied sample,
such asmale attributes (Récluz, 1845; Berg, 1896; Warén &
Bouchet, 1988). Some characters of the head-foot were con-
firmed as present in other species. The penis is inserted
behind right tentaclesasusual (Berg, 1896: pl. 2, figs. 2, 6),
with closed penis duct.

DISCUSSION OF CHARACTERS

Some terms used in the following discussion merit
some explanation. Theword “ archaeogastropod” isused in
traditional sense, but it isrecognized asaparaphyletic taxon.
Theterm“basal” caenogastropodsrefersto those taxawhich
generally are in the beginning of the mesogastropods in
most catalogues (e.g., Abbott, 1974; Rios, 1994), in particu-
lar the Cerithioidea, Littorinoidea and Hydrobioidea. The
term “higher” caenogastropods in general refers to
Tonnoidea and Neogastropoda. Where mentioned “exam-
ined species’ only the ingroup species are included. The
following generic abbreviations are used: C. = Crepidula;
Ca. = Calyptraea; Cp. = Capulus; Cr. = Crucibulum; T. =
Trochita; Tr. = Trichotropis.

Shell

1 Form: O=fusiform or globose; 1= patelliform (lim-
pet) (H. costellatus, H. subrufus, H. grayanus H. leptus,
Sabia, Capulus); 2= patelliform-like, with aventral calcare-
ous plate (Cheilea, calyptraeids, except Trochita, S.
calyptraeformis); 3= patelliform-like, with long, dlight spiral
apex (H. incurvus, Malluvium); 4= trochiform-like (Trochita
trochiformis, S calyptraeformis) (Cl: 57; RI: 70; not addi-

tive).

The shell of the calyptraeids has been considered to
be patelliform (limpet-like). However, the limpet-like condi-
tion isasingle cone, in which the muscles coming from the
foot insert firmly inthe shell ventral surface. Thiscondition
is not found in the calyptraeids, as seen by the presence of
any sort of shelly septum, and also by the absence of strong
muscles connecting the animal in this shell (see comments
on musclesbelow). This condition reflectsthe small muscu-
lar scarsin the ventral shell surface of those species.

Onthe other hand, the hipponicidsand capulids show
atruelimpet-like condition, which, according to the obtained
tree, is a convergence in both groups. However, in some
speciesasH. incurvus and Malluvium spp, the shell islonger
and still spiral. A “true” plesiomorphic coiled shell is only
shown, in present sample, by Trichotropis and Vanikoro.
The shell condition of Trochita trochiformis and S.
calyptraeformisis referred to here as “trochiform” due its
similarity with the shell of the trochids (Vetigastropoda),
however some differences from the true trochiform condi-
tionarefound. Infact, T. trochiformisand S. calyptraeformis
shells resembles the shell of the Xenophoridae
(Stromboidea), differing by reduced spire and by the ab-
sence of foreign objects attached to it.

2. Shelly septum: 0= absent or atrue columella; 1=a
planar septum (B. aculeatus, Crepidula spp.); 2= a spird
septum (Calyptraea centralis); 3= acone (Crucibulumspp.)
4=asemi-cone (Cheilea) (Cl: 100; RI: 100; not additive).

Theventral calcareous plate of the some calyptraeids
apparently isadifferent sort of modification of the columel-
lar part of the shell. In part, thisis suggested analyzing the
insertion of the small columellar muscle of these animalsin
the ventral plate border. Analyzing the present sample of
calyptraeids, it is possible to imagine a derivation of the
septa of the Crepidula and of the Crucibulum from the
irregular septum present in Calyptraea, which can be de-
rived from thewesk spireof Trochitaand S. calyptraeformis.
However, this sort of analysis can not be done “a priori”,
thus the three septal states are presently regarded as ho-
mologous, but independently derived. But the obtained tree
corroborates this suggestion of evolution of the calyptraeid
shell septum.

Taylor & Smythe (1985) paid special attention to the
shell umbilicusfor differentiation in the Trochita species. S
calyptraeformis and Ca. centralis possess anarrow umbili-
cus, including adjacent mantle projection inserted in dorsal
foot surface (which secretesthe umbilicusinner surface). T.
trochiformis lacks umbilicus. This character was not con-
sidered here mainly because of the dubious polarization.

3. Periostracum: O= glabrous, 1= pillose, i.e., with hair
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(all species) (Cl: 100; RI: 100)

4. Protoconch position in dorsal view: 0= central or
near center; 1= posterior. (B. aculeatus, Crepidula spp., H.
incurvus, Malluvium, Cp. sycophanta) (Cl: 25; RI: 62).

5. Spire: O=tall; 1= weak (T. trochiformis, S.
calyptraeformis, H. incurvus, Malluvium); 2= absent (re-
mainder speciesexcept Trichotropis spp. and Vanikoro) (Cl:
33; RI: 33; not additive).

A truespire, i.e., aspiral tubefilled by viscera mass,
is found in Trochita, S. calyptraeformis, Vanikoro and
Trichotropis, however itislow (except trichotropids). Inthe
other speciesasmall spireissometimesclear, mainly inyoung
specimens, but empty. The other species of Hipponix, be-
yond H. incurvus, sometimes have very tall and somewhat
coiled specimens, although arare condition.

Head-foot

6. Operculum (in adult form): 0= present; 1= absent
(&l examined speciesexcept Trichotropis spp. and Vanikoro)
(CI:50; RI: 66).

An operculum is not present in very young speci-
mens extracted from egg capsul es of the calyptraeids. Maybe
this structure is missing early in development. Neither in
some embryological studies on calyptraeids an operculum
is mentioned (Moritz, 1939, on C. adunca Sowerby), while
other developmental studies on calyptraeids (e.g., Werner,
1955; Callin, 2000, 2001) operculaare mentioned. Onthe other
hand, apaucispiral operculum isfound in young specimens
of hipponicids[e.g., H. subrufus (Fig. 26), Sabia conicaand
H. grayanus (Fig. 32)] capsules. In Vanikoro sp. some speci-
mens have operculum, while othersdo not. There are, how-
ever, specieswhere an operculum is always present (Warén
& Bouchet, 1988). The obtained tree clearly shows this
calyptraeoidean tendency to lose the operculum. It ispresent
in basal trichotropids and absent in species after node 5,
with Vanikoro as intermediary.

7. Anterior region of foot, marked by a transversal
furrow of pedal glands. O= as exploratory part; 1= covered
by neck ventral surface (calyptragids); 2=in distal margin of
apropodium (hipponicids, Vanikoro) (Cl: 100; RI: 100; not
additive).

The homology of anterior end of the caenogastropod
foot soleisclearly shown by the transverse furrow of pedal
glands. Its analysis allows any structural modification of
this region of foot, as in the cases of examined species. In
the calyptraeids, e.g., allows that probably the ventral sur-
face of the neck is not amodification of the foot, but a new
functional acquisition of the head.

The anterior foot structure of hipponicids and
Vanikoro is called propodium following the literature no-
menclature (e.g., Yonge, 1953). However thispropodiumis
not homologous to the propodium of higher gastropods as,
e.g., olivids and naticids, because it does not contain the
pedal gland furrow. The hipponicid and the Vanikoro
propodia are, in fact, a flattened stalk for the pedal gland
furrow. Collin (person. com.) suggested the name “ pseudo-
propodium” for this structure.

The undulated, tall fold of the Capulusis uniquein
present sample, resulting in an autapomorphy. Thisfold is
inserted at short distance of anterior edge of foot sole, ap-
parently not homologous to any structure of the remainder
species. McLean & Andrade (1982: 8-9) mentioned and fig-
ured (figs. 16, 19) the presence of asimilar foot fold in Capulus
ungaricoides (Orbigny, 1941), they called it abrood sac.

8. Posterior region of foot: 0= robust, almost cylindri-
cal; 1= plane, flattened (B. aculeatus, Crepidula spp, Ca.
Centralis, S. calyptraeformis); 2= conic, massive
(Crucibulum spp.); 3= concave (hipponicids, Cp.
sycophanta) (Cl: 60; RI: 84; not additive).

Thefeet of themost examined speciesare much modi-
fied, little resembling those of the other gastropods. In the
Bostrycapulus, Crepidula, Calyptraesa and S.
calyptraeformis, the foot is dorso-ventrally flattened, com-
pressed between the shell septum and the substrate. Some-
thing similar is found in Crucibulum, but the dorsal foot
surfaceisaslight tall, solid cone (al so compressed between
shell ventral plate and the substrate). On the other hand, the
foot of the Hipponix and Capulus is completely different,
thin in the center and thick in the borders. Part of thisthick-
ness is due to the shell and head muscles. The foot of these
species stays compressed between the visceral mass and
the substrate. In Cheilea, asimilar conformation of remain-
der hipponicids is present, however greatly compacted by
the shell ventral septum. Although the center of the Cheilea
foot is thick, it was regarded as having the same muscular
fashion of the family Hipponicidae, because the muscular
arrangement issimilar. Other details of Cheilea foot muscles
are, onthe other hand, considered. Inthe case of H. grayanus
thefoot soleisattached to the ventral cal careous plate (con-
nected to the substrate, as a ventral “valve”). This condi-
tion indicates that H. grayanus, and maybe other Pacific
specieslikeH. antiquatus (L..) (Yonge, 1953, 1960), havelost
the capacity to crawl. Yonge (1953) showed in fig. 1b the
ventral valve secreted by the ventral surface of foot, has
muscle scars. As discussed in the preceding section, the
Atlantic hipponicids al so secreted aventral cal careousplate,
but it isthinner, and they retain some crawling capacity.

9. Head muscles: 0= absent; 1= devel oped, immersed
in integument (Trichotropis spp., Vanikoro, Ca.
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sycophanta); 2= asadistinct muscle (hipponicids, capulid);
3= of independent origin in relation to shell muscle (H.
subrufus, H. grayanus, H. leptus) (Cl: 60; RI: 77; not addi-
tive).

The head muscles are a strong pair that connects
laterally the head with the foot sole and/or medial-ventral
region of shell muscle. Thispair of muscles may be amodi-
fication of the muscular tissue of the haemocoel lateral walls
present in other gastropods. The head muscles have aso
been referred to asretractor muscle of head (Yonge, 1953).

10. Pair of crossing musclesanterior to head muscles:
0= absent; 1= incipient (H. grayanus, H. costellatus, H.
subrufus, H. leptus); 2= large, well developed (H. incurvus)
(ClI: 100; RI: 100; not additive).

Thispair of musclesisvery clear inH. incurvus, and
resembles the cruciform muscles of the mantle border of
some bivalves (Veneroidea). The homology of the crossing
muscleswith muscles of other gastropodsisunclear. Maybe
akey for thisisin amore detailed analysis of the incipient
muscles in the homologous region of the other Hipponix
and in additional species of the group. According to the
tree, the H. incurvus muscles may be derived from those of
the remaining hipponicids of node 9.

11. Planar neck ventral surface: 0= absent; 1= present
(calyptraeids) (Cl: 100; RI: 100).

12. Neck lateral flattened lappets: 0= absent; 1=
present (calyptraeids, Vanikoro) (Cl: 50; RI: 90).

The ventral surface of the neck region of the
calyptraeid head could even be called “sole’, but, as dis-
cussed above, it probably is not homologue to any foot sole
region. This name could be used because this structure has
also capacity of to adhere to the substrate (observed in
some live specimens of B. aculeatus). On the other hand,
this observation was not confirmed in other species. The
neck region has also a pair of lateral, asymmetric expan-
sions, neck lappets, with slightly thicker margins. Both the
ventral surface and the lappets are used by the calyptraeids
asabrood chamber. Fretter & Graham (1962) called thelap-
pets of C. fornicata “neck lobes’, and those structure of
calyptraeids are convergent with vanikorids (see al so Warén
& Bouchet, 1988).

13. Tentaclestip: 0= sharp or rounded; 1= weakly bi-
fid in retracted condition (C. aff. plana, C. protea, C.
fornicata); 2= with a longitudinal, ventral furrow (H.
incurvus); 3= broad and flat (Vanikoro) (Cl: 100; RI: 100; not
additive).

14. Eyes location: 0= weakly over tentacle base; 1=
middle level of tentacles (calyptraeids); 2= reduced (H.
grayanus, H. leptus, Cheilea, Malluvium, Vanikoro) (Cl:
50; RI: 81; not additive).

The eyes located dlightly over tentacles base, and
not at the base, is characteristic of the caenogastropods,
and isregarded here as plesiomorphic for theingroup. How-
ever, some species, possess eyesamost inthe middlelevel
of the tentacle. H. grayanus no only has a reduced pair of
eyes, but also they are located in inner surface of the ten-
tacles, turned to snout. Details of calyptraeid eye anatomy
arefoundin Kleinsteuber (1913, fig. T).

15. Snout-proboscis anterior region: 0= rounded, al-
most plane; 1= with apair of lateral projections(H. incurvus,
Sabia); 2= lateral projections long (remainder hipponicids
except Chellea); 3=1ong ventral projection (Cp. sycophanta,
Trichotropisspp) (Cl: 60; RI: 71; not additive).

The snout of Trichotropis and Capulus is very dif-
ferent from other gastropods, with along, flattened projec-
tion onitsventral anterior border. This projection probably
collectsthefood coming fromthe gill and conducesit to the
mouth. No clear difference was found between the
Trichotropis and Capul us snouts. According to the obtained
tree, it is equally parsimonious to regard the state 3 snout
fashion as calyptraeoi dean synapomorphy, with areversion
in the node 4, or independent origin (convergence) in both
groups (node 2 and Capulus). The first hypothesisis pre-
ferred herein. The kind of snout shape of Capulus was also
shown by McLean & Andrade (1982: 8, C. ungaricoides),
which pointed out the possible boring in its bivalve host
shell. Pernet & Kohn (1998) havereferred thiskind of snout
as “pseudoproboscis’. In that study, the authors demon-
strated the kleptoparasitism of T. cancellata on suspension-
feeding polychaetes, during which the animal usesthe pro-
boscisto capture food from the worm’s feeding crown.

16. Snout retraction within haemocoel: 0= none; 1=
partial, dueretractor muscles (all examined species) (Cl: 100;
RI: 100).

17. Retractor muscles of snout: 0= none; 1=apair (all
examined species); 2= more than a pair (H. costellatus, H.
subrufus, H. incurvus) (Cl: 100; RI: 100; additive).

The condition of the snout of the calyptraeids,
hipponicids, capulids, vanikorid and trichotropidsis inter-
mediary between atrue snout and apleurembolic proboscis.
Thisfact isdueto the presence of developed ventral retrac-
tor muscles and a partial capacity of retraction within the
haemocoel, observed in living and in fixed specimens. This
condition differs from the normal snout, observed in the
archaeogastropods and in the basal caenogastropods. On
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the other hand, the retraction capacity and the space within
the haemocoel availablefor itsretraction are poor compared
with those species that present an undiscussible proboscis
(higher caenogastropods). Further study is necessary to
determinateif theingroup conditionisintermediateor if itis
due to the reduction of a previously long proboscis. The
snout of the hipponicids has been referred to as a proboscis
(Yonge, 1953; Fretter & Graham, 1962). The ventral pair of
retractor muscles usually has the same origin of the head
muscles and runs partially immersed in them. The additive
condition of this character is based on the ontogeny, be-
cause all very young specimens possess a single pair of
retractor muscles. The analysis considering it as non-addi-
tive character resulted in the same tree and indices.

18. Columellar muscle: 0= spiral; 1= much reduced (B.
aculeatus, Crepidula spp, Crucibulum spp., Cheilea); 2= a
shell muscle (hipponicids except Cheilea, Capulus) (Cl: 50;
RI: 84; not additive).

The state 2 is apparently of independent origin in 2
branches. Capulus and node 7. However, as commented
above, Cheilea presents a head-foot musculature arrange-
ment somewhat similar to the remaining hipponicids.

19. Dorsal shell muscle; 0= absent; 1= asaflat anterior
expansion of the columellar muscle (S. calyptraeformis); 2=
distinct, closeto columellar muscle (T. trochiformis); 3=far
from columellar muscle (other calyptraeids except C.
convexa) (Cl: 50; RI: 87; additive).

The dorsal shell muscleisdescribed in more detailed
for B. aculeatus. The additive condition of this character in
based on the ontogeny, which shows some weak muscle
fibers remaining connecting the dorsal muscle to the col-
umellar musclein the young specimens. Coding this charac-
ter as non-additive the resulted treeis the same, theindices
changeto Cl: 75and RI: 85. The stepsalso change (from 6 to
4) because of the reversion (state 3to 0) in C. convexa.

20. Lateral shell muscle onright: 0= absent; 1= present
connected to columellar muscle (S. calyptraeformis,
Trochita, Ca. centralis); 2= as an isolated muscle (B.
aculeatus, Crepidula spp, Crucibulum spp) (additive) (Cl:
100: RI: 100).

Liketheshell, themuscular system that connectsthe
animal with its shell ismuch modified in the examined spe-
cies. In the case of the capulids and most hipponicids, the
typical limped muscle attachment is found: a U-shaped,
strong shell muscle. In the calyptraeids, however, there are
few small musclesfunctioning in thisway — thevery small
columellar muscle, thelateral muscle and the dorsal muscle.
The calyptraeid columellar muscleisvery thin, morenotable
at theright edge of shell septum. Thedorsal muscleissingle,

fan-like, located in the anterior region of animal, closetothe
medianline. C. convexa, however, isapparently missing this
muscle. Observing the calyptraeids and their position on
the tree, it is possible to see that the dorsal and the lateral
shell musclesarederived from the columellar muscle extremi-
ties. The condition shown by S. calyptraeformis and
Trochita represent the more plesiomorphic one, with both
muscles still connected to columellar muscle. The lateral
muscle isto the left end and the dorsal muscle to the right-
dorsal end of the columellar muscle. In the remainder
calyptraeids, the columellar muscle becomesthin (generally
edging the anterior border of shell septum only), with the
other 2 muscles remaining alittle thicker. The dorsal shell
muscle migrates dorsally in taxa after node 15, becoming
independent of columellar muscle. C. adunca, present apair
of shell muscles connected to each other by a thin shelf
(Moritz, 1938, fig. 6, as shell muscle). Nothing similar was
found in examined specimens, but Hoagland (1977) pointed
out that some species have two muscl e scars (species group
V), that may represents another sort of modification.
Trochita dhofarensis Taylor & Smythe (1985, fig. 4) appar-
ently lacks both dorsal and lateral shell muscles, and havea
thick columellar muscle, which may represents the most
plesiomorphic state in the family. The dorsal shell muscle
was detected in Crepidula (as Janacus) by Kleinsteuber
(1913, fig. G). He called it the shell muscle, but it was not
pointed out in also studied Trochita or Calyptraea (figs E-

P).

21. Net of transverse muscles in haemocoel: 0= ab-
sent; 1= present (calyptraeids, trichotropids, Vanikoro, H.
leptus, H. grayanus, Cheilea, Sabia, Malluvium); 2= greatly
developed, passing through salivary glands (B. aculeatus)
(Cl: 66; RI: 66; additive).

The“net” of transversal musclesisin fact morethan
simply aseries of muscular fibers, but also amass of diffuse
connectivetissue. Thismassin part fillsthe haemocoel space
around the esophagus and is more developed in calyptraeid
species, mainly in B. aculeatus. It is possible that the devel -
opment of these muscles could be connected to the hydro-
static pressure of an unusually long neck. The net of muscles
reverted in hipponicids of the node 11.

The additive optimization is based on the compari-
son, since the B. aculeatus condition appears to be an in-
crement of the state 1. Nothing changes in the result if the
character is considered as not additive.

22. Food groove: 0= absent; 1= present (calyptraeids)
(CI: 100; RI: 100).

The food groove is a shallow furrow of the pallial
cavity floor that receives the particles collected by the gill,
and transports them by cilia to the mouth (Werner, 1955).
The food groove is also found in some other filter-feeding
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gastropods, such as turritellids, vermetids (both
Cerithioidea) and struthiol ariids (Stromboidea) (Simone, 2001,
in press). Although similar in location and in function, the
food groove of the calyptraeidsis different in being edged
by low folds and to disappear anteriorly at some distance
from the mouth. These differences probably do not allow
homoplasy. Thefilter-feeding Trichotropis does not present
an anatomic food groove, but an analogousciliate current is
present (Yonge, 1962, Pernet & Kohn, 1998).

23. Connection between head-foot and visceral mass:
0= posterior; 1= turned towards left (hipponicids,
calyptraeids) (Cl: 100; RI: 100).

The condition 1isclearly shown asthe esophagus
strongly curves left in the above species, asit crosses from
the haemocoel to the visceral mass, passing through dia-
phragm-like septum.

Pallial organs

24. Mantlefusion with posterior-dorsal surfaceof foot:
0= absent; 1= present (all examined species except
Trichotropisspp.) (Cl: 100; RI: 100).

In the case of the calyptraeids the mantle border is
fused no only with border of the foot, but also with its dor-
sal surface. Thispart of the mantle secretesthe ventral-right
surface of the shell of S calyptraeformis and Trochita and
the shell septum of the remaining species. The species of
the hipponicids, vanikorids and capulids also havethistype
of mantle border-foot, but it is not just in the foot border.
Thisfusion is slightly over the plane of foot sole, closer to
shell muscleventral margin.

25. Repugnatorial glandsalong mantle border: 0= ab-
sent; 1= present (B. aculeatus, Crepidula spp., Capulus,
Ca. calyptraeformis) (Cl: 33; RI: 71).

Fretter & Graham (1962, fig. 58) show the
repugnatorial glands reunited in some areas of the mantle
border of C. fornicata. This sort of distribution was not
observed in this study, in the specimens of C. fornicata
(speciesshowninthat figure). Therepugnatorial glandsare
not easily seen, they are very small and almost transparent.
They aredistributed side-by-side uniformly all along mantle
border of the Crepidula speciesin the present sample, how-
ever it is possible that they also occur in the species of the
other genera, maybe less devel oped and only detectable by
thin sections. Anyway their greater development is a char-
acter of those calyptraeids.

There is astrong possibility that more of the exam-
ined calyptraeoideans possess the repugnatorial glands,
being a probable synapomorphy of a clade, but thisis not
possibleto verify at thistimewithout microscopic examina-
tion. Only those species which these glands seen in the

dissection were considered to possess the repugnatorial
glands.

26. Mantle border with special arrangement of folds
between gill anterior extremity and osphradium: 0= absent
(smooth); 1= present (calyptraeids) (Cl: 100; RI: 100).

Specia attention was paid to the arrangement of the
foldsin anterior edge of the mantle, just inthe pallial cavity
aperture. The arrangement of folds apparently isindicative
of anincipient siphonal canal, because the folds in general
converge to the gill and osphradium anterior extremities.
The siphon foldsin mantle border of C. fornicatawascalled
food-pouch by Orton (1912, fig. 4). A weak siphonin mantle
border isfound in trichotropids.

27. Mantle border restricting mantle cavity: 0= ab-
sent; 1= present inlateral regions (calyptraeids); 2= present
in lateral and anterior regions (Crucibulum spp.) (Cl: 100;
RI: 100; additive).

This character is considered additive because the
statesvary only in degree, having Crucibulum spp. the most
modified fashion. Nothing changes (tree or indices) if the
character is considered not additive.

28. Mantle cavity length: 0= about half of animal
length; 1= more than 2/3 of animal length (calyptraeids); 2=
lessthan ¥4 of animal length (hipponicids) (Cl: 100; RI: 100;
not additive).

The compression of the pallial cavity by the visceral
structuresisalso noted by Yonge (1953), “ causing displace-
ment dorsally of the anus and ctenidium”.

29. Mantle cavity form: 0= conic; 1= almost a com-
pletering (Crucibulumspp.) (CI: 100; RI: 100).

Asisgeneral the case in limpet gastropods, the pal-
lial cavity isample, without restrictions beyond those of the
head-foot structures. However in the calyptraeidsthe mantle
reduces the pallial cavity aperture, closing the lateral re-
gions of this cavity (characters 27, 28), i.e., amembranous
part of the mantle connected between the foot and the shell
borders restricts the cavity (ml in figures). This closure is
more devel oped in the Crucibulum specieswherethe pallial
cavity is a curved, amost ring-like tube (the posterior ex-
tremity, which in these animals is turned anteriorly, is not
opened, but so a blind-sac).

The area of the pallial cavity isobviously ampler in
filter-feeding species such as the calyptraeids, because of
theincrease of thegill. The contrary situationisfoundinthe
hipponicids, with much reduced pallial cavities, compressed
by the visceral mass (other data are discussed below).
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30. Osphradium type: 0= ridge-like; 1= pectinate
(calyptraeids, trichotropids, Cp. sycophanta) (Cl: 33; RI: 77).

31. Osphradium position: 0= very oblique, amost per-
pendicular to mantle border; 1= dlight oblique, but almost
parallel to mantle border (all species); 2= parallel to mantle
border (calyptraeids) (Cl: 100; RI: 100; additive).

The three states of this character are apparently de-
grees of a same trend. This is confirmed in the tree, and
nothing changes even if it is considered as non-additive.

32. Osphradium size: O=large, about 2 of mantle aper-
turelength or more; 1= small, lessthan %z of thisdistance (C.
aff. plana, C. protea, C. convexa, C. fornicata, C. argentina)
(CI: 100; RI: 100).

33. Ridge-like osphradium form: 0= broad and long;
1= very narrow (H. costellatus, Malluvium); 2= with satel-
lite folds around it (H. subrufus, H. grayanus, H. leptus,
Sabia); 3= only satellite fold present (Cheilea) (Cl: 60; RI:
50; not additive).

34. Pectinate osphradium form: 0= not pectinate; 1=
bipectinate (calyptraeids except following); 2=
monopectinate, with filamentsin tip (C. aff. plana, C. pro-
tea, C. convexa, C. fornicata, C. protea, Ca. centralis, T.
trochiformis); 3= monopectinate, with triangular filaments
inright side (Trichotropis spp., Ca. sycophanta) (Cl: 50; RI:
72; not additive).

35. Osphradium leaflets form: 0= absent; 1= thick
(calyptraeids); 2= slender and tall (C. convexa); 3= triangu-
lar, inright side of osphradium ganglion, attached to mantle
roof (Trichotropis spp., Ca. sycophanta) (Cl: 75; RI: 90; not
additive).

Theridge-liketype of osphradium, found in the basal
Caenogastropoda, is regarded as plesiomorphic. The pecti-
nate type of osphradium is a structural adaptation to in-
creasethe surface of thissensory organ. Pectinate osphradia
are found in the architaenioglossans and in several groups
of caenogastropods, such as some cerithioideans,
stromboideans, and al higher groups. The homology of the
state “ pectinate osphradium” among the different groupsis
still unclear, but almost certainty it developed several times
independently. Two types of pectinate osphradia are nor-
mally found: the bipectinate osphradium and the
monopectinate one. The monopectinate osphradium is in
general found in the miniaturized members of the normally
bipectinatetaxa. The calyptragidsalso follow thisrule. How-
ever C. fornicata is a large species possessing a
monopectinate osphradium. Taylor & Miller (1989: 230) stud-

ied details of the osphradium of C. fornicata, and isan im-
portant paper for further description of the cilia. In that pa-
per, the authors state that most C. fornicata have ordinary
monopecti nate osphradium, however, some specimens pos-
sess 2-3 leaflets on the left side (their fig. 7), and suggested
that the structure is reduced from a bilamellar condition.
Monopectinate osphradia are also present in C. adunca
(Moritz, 1938), and other Crepidula species.

Both conditions (mono- and bipectinate) occur in
some genera. In the case of Calyptraea, a bipectinate
osphradium isfound in C. chinensis (Werner, 1953, figs 4,
17) and the monopectinate in C. centralis (this study).
Kleinsteuber (1913, fig. V) showed a broad bipectinate
osphradium, with somewhat large anterior (right) filaments
that gradually decrease towards posterior (left) in
Calyptraea.

Satellite folds around osphradium are probably glan-
dular and of unknown function. Similar folds are also (ho-
mopl astic) found in some cerithioideans and stromboideans
(Simone, 2001, in press). However satellitefoldswere never
observed in pectinate osphradia. An osphradium satellite
fold of another hipponicid, Hipponix australis (Lamarck,
1819) was shown by Knudsen (1991, fig. 3b).

The osphradium of Trichotropis, athough aso of
monopectinate condition, is singular in having triangular
filaments attached to the osphradium ganglion, and also
extending towardstheright, attached to the adjacent mantle
area. Something similar occursin Capulus.

According to obtained tree, 3 equally parsimonious
optimizations of the pectinate condition are possible: 1) a
synapomorphy of the calyptraeoideans and independent
reversions to ridge-like condition in Vanikoro and in
hipponicids (node 6); 2) a synapomorphy of the ingroup,
reversion in node 4, reappearing in calyptraeids (node 13);
3) independent (convergent) acquisitions of trichotropids
(node 2), capulids and calyptraeids (node 13). Thefirst hy-
pothesisis preferred herein.

The several osphradium characters shown herein
agree with the suggestion of high systematic value of this
organ by Brown & Olivares (1996) for the calyptraeids.

36. Gill size: 0= about haf of pallial cavity roof area; 1=
very large (most of that area) (calyptraeids) (Cl: 100; RI:
100).

37. Gill position: 0=longitudinal in pallial cavity; 1=
transversal, part parallel to mantle border (all examined spe-
cies) (Cl: 100; RI: 100).

38. Gill anterior extremity form: O= straight; 1= curved
forwardsand |eft (all examined speciesexcept Trichotropis
spp and Ca. sycophanta) (Cl: 100; RI: 100).
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39. Gill anterior extremity location: 0= posterior to
mantle border; 1= on mantle border (all examined species)
(Cl:100; RI: 100).

40. Gill filament rods: 0= same size than membranous
part of filaments; 1= extending little beyond membranous
part of filaments (all species); 2= very long, two or three
times longer than membranous part of filaments
(calyptraeids) (Cl: 100; RI: 100, additive).

The additive condition of this character is based on
the ontogeny, observing the gill filamentsthat areformedin
its anterior region. The not additive optimization nothing
changesin thetree or in the indices.

41. Gill filaments: O= free from each other; 1= con-
nected with each other by cilia (calyptraeids) (Cl: 100; RI:
100).

Thegill of the calyptraeidsis modified because of its
additional filtration function, the modificationsinclude elon-
gation of thefilamentsand adaptationsto they stay firmly in
position (increase of rods, fixativecilia, etc.). The opposite
isfound in the hipponicids, which have proportionally small
gills. Onthe other hand, some statesin common arefound in
all ingroup speciesif compared with the normal gill fashion
of the caenogastropods, such as the gill position and its
anterior extremity (onthe mantle border and turned forwards).
Details on the structure and ciliation of gill filaments of C.
fornicataisshown by Orton (1912, figs. 5-6).

42. Hypobranchial gland: O=thick, large, with cham-
bers and tall folds; 1= low, of amost uniform surface (all
examined species); 2= very thin, inconspicuous (B.
aculeatus, Crepidula spp, hipponicids except Cheilea, Cp.
sycophanta, S. calyptraeformis) (Cl: 40; RI: 66; additive).

Contrasting with theincreased gill of the calyptraeids,
their hypobranchial gland isreduced, itisat least detectable
in some species, while in othersit is inconspicuous. In the
same way, the hipponicids also present the same tendency.

The additive optimization of the states of this charac-
ter isdueto suspicion they are part of asingle evolutionary
trend. If it is performed as not additive, the same tree is
obtained, with same ClI and steps, the RI changes to 62.

43. Endostyle: 0= absent; 1= present (calyptraeids)
(CI: 100; RI: 100).

In the filter feeding Trichotropis, no endostyle was
found, however a series of low, oblique glandular folds is
present between the gill and theleft margin of pallial cavity.
These folds maybe can be homologue to endostyle.

44. Endostyle location: 0= absent; 1= ventral to
ctenidial vein (calyptraeids); 2= between ctenidia vein and
gill (Ca. centralis) (Cl: 100; RI: 100; not additive).

The endostyle (name giving as an anal ogy with those
of the Cephal ochordata) isaglandular ridgein left margin of
the gill, running parallel and close to ctenidial vein. A sur-
prisingly similar endostyle isfound in the other filter-feed-
ing caenogastropods, as turritellids (Cerithioidea) and
struthiolariids (Stromboidea). These multiple occurrenceis
regarded as convergence because of the extra necessity of
mucus in the gill of those animals, which collect particles.
Although this character was considered as non- additive,
the disposition of its states in the tree shows that it may be
additive. Using an additive optimization changes nothing in
the tree or indices.

Circulatory system

45. Pericardium location: O= anterior-left region of vis-
ceral mass; 1= exposed in pallial cavity roof, aimost in its
center (calyptraeids); 2= dorsal to posterior end of pallial
cavity (hipponicids, capulid, Vanikoro) (Cl: 100; RI: 100;
not additive).

46. Auricleend: 0=inventricle connection; 1=witha
portion beyond (at right) ventricle connection as a bind-sac
(calyptraeids) (Cl: 100; RI: 100).

47. Auricle form: 0= somewhat spherical; 1= short,
attached to anterior inner surface of pericardium (all spe-
cies); 2= same, but very long, tubular (calyptraeids) (Cl: 100;
RI: 100, additive).

The uncommon form of the calyptraeid auricle, witha
portion beyond the ventricle connection as a blind-sac, is
also shown by Moritz (1938, fig. 5) for C. adunca.
Kleinsteuber (1913) described other details of the circula-
tory system.

This character is considered as additive by the com-
parative method, because each state appears to be amodifi-
cation of the preceding one. However, nothing changes in
the resultsif the optimization is changed to not additive.

The expansion of the auricle beyond the ventricleand
its connection to the anterior surface of the pericardiumis
possibly due to an aperture between auricle and nephridial
gland, normally found in the higher caenogastropods. This
type of aperture is difficult to see in the dissections, and
serial sections of the region were not performed herein.

48. Posterior region of ctenidial vein between gill and
auricle: 0=1ong; 1= very short (all examined speciesexcept
Trichotropisspp.) (Cl: 100; RI: 100).
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49. Ctenidial vein connection with auricle: 0=in pos-
terior end of gill; 1=sub-terminal in gill, with aportion of the
ctenidial vein beyond this connection as a blind sac
(hipponicids, capulid, Vanikoro) (CI: 50; RI: 88).

Maybe due to the modification of the body form of
theingroup species, the pericardiumisalso modifiedif com-
pared with the normal fashion of the gastropods. In the
calyptraeids the pericardium is very long and narrow, the
ventricle remainsin the center of the body (closeto median
line), far away from the gill’s posterior end. Running the
entirety of this distance is a very long and narrow auricle.
Interestingly, the calyptraei d auricle has another uncommon
character: aportion beyond ventricle connection asablind
sac.

Moreover, the pericardium of the hipponicids and
capulids has also an uncommon location: dorsal to thegill’s
posterior end. Thislocation is possibly due to the posterior
compression of the visceral mass. The connection of the
ctenidial veinwiththeauricle, whichinthecayptraeids con-
tours the posterior gill end, is unique in the hipponicids,
vanikorids and capulids. In both, the connection is sub-
terminal, i.e., at some distance of the posterior gill end, ina
T-fashion. A short portion of the ctenidial vein is, then, a
bind-tube, with an inverted blood circulation. This condi-
tionisclearer in H. grayanus and Cheilea.

50. Vessal in pallia roof insertion in left margin of
kidney: 0= absent (or inconspicuous); 1= slightly perpen-
dicular to kidney (C. aff. plana, C. protea, C. fornicata); 2=
edging rectum (C. argentina) (Cl: 100; RI: 100; not additive).

Excretory system

51. Kidney tissue: 0= massive; 1= two lobes
(calyptraeids, trichotropids, Cp. sycophanta); 2= achamber
between visceral massand first intestineloops (H. grayanus,
H. leptus, Cheilea, Vanikoro, Sabia, Malluvium) (CI: 50;
RI: 75, not additive).

52. Kidney form: 0= rhomboid; 1= dorso-ventrally flat-
tened (H. costellatus, H. subrufus, H. incurvus); 2= slender
and very long (Crucibulumspp.) (Cl: 100; RI: 100; not addi-
tive).

53. Nephridial gland: 0= present; 1= reduced
(calyptraeids, hipponicids) (Cl: 100; RI: 100).

54. Nephrostome: 0= isolated in membrane between
kidney and pallial cavity; 1= with adjacent inner glandular
folds (B. aculeatus, Vanikoro); 2= far removed from renal
chamber (H. costellatus, H. subrufus) (Cl: 66; RI: 50; not
additive).

The kidney of the ingroup species is small, almost
reduced. It isstill morereduced in the hipponicids, inwhich
thekidney isonly asmall, flattened glandular massin aflat,
hollow chamber. Thereductionin part precludesthe charac-
terization of the organ, but in the calyptraeids, the normal
fashion of the caenogastropodsisstill noted (apair of lobes,
nephridial gland, etc.), the same does not occur in the spe-
cies of the hipponicids. Anyway, the reduction per seisa
valuable character.

Visceral mass

55. Size: 0= of moderate size (about 1/3 of animal vol-
ume); 1= small (calyptraeids except T. trochiformis, Ca.
calyptraeformis) (Cl: 100; RI: 100).

56. Form: 0= spiral; 1= triangular (turned posteriorly)
(B. aculeatus, Crepidula spp.); 2= long and fusiform
(Crucibulum spp.); 3= sac-like (hipponicids, capulid); 4=
triangular (turned forward) (Ca. centralis, S calyptraeformis,
T. trochiformis) (CI: 80; RI: 90; not additive).

The visceral mass form and size are closely related
with the morphological modification of the body plan of
these animals. Inthe calyptraeids, the visceral mass moulds
within (in B. aculeatus, Crepidula and Calyptraea) or around
(in Crucibulum) the shell septum. In the other two families
(state 3), the visceral mass is molded by the foot dorsal
concavity, fromwhichitisweakly attached.

57. Kidney and pericardium: 0= occupying most of
visceral anterior edge; 1= occupying about half of visceral
anterior edge (Vanikoro, hipponicids, calyptraeids) (Cl: 100;
RI: 100).

Digestivesystem

58. Modified m1: 0= absent; 1= mla(towardsanterior)
(calyptraeids except S. calyptraeformis, Cheilea, Sabia,
Malluvium, Trichotropis spp., Capulus); 2= mla+ mlb (this
towards posterior) (T. trochiformis) (Cl: 40; RI: 57, additive).

ThemlbisaT. trochiformisautapomorphy. The addi-
tive optimization is merely because of the presence of the
mlain thisspecies, however nothing changesif the charac-
ter not coded as additive.

59. M2a: 0= absent; 1= present (calyptraeidsexcept S
calyptraeformis) (Cl: 100; RI: 100).

60. Mt: 0= absent; 1= present (all examined species
except Hipponix spp) (Cl: 50; RI: 80).

61. M 3: 0= absent; 1= present (Crucibulumspp.) (CI:
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100; RI: 100).

62. M4 form: 0= very broad, surrounding cartilages;
1= narrow, contouring cartilages posterior surface
(calyptraeids) (CI: 100; RI: 100).

63. M4 insertion (beyond br): 0= only in “to” (tissue
preceding exposed portion of radula); 1= also in subradular
cartilage (calyptraeids, Cheilea, trichotropids, Ca.
sycophanta) (Cl: 33; RI: 75).

64. M5insertion: 0= only indorsal side of radula; 1=
inlateral side of radula, encroaching both sides (dorsal and
ventral) (calyptraeids, Trichotropisspp.) (Cl: 50; RI: 90).

65. M7 origin: 0= of middleregion of m4 median-ven-
tral surface; 1=in anterior margin of m4 (hipponicidsexcept
Cheilea); 2= extremely narrow (Trichotropisspp.); 3=origin
from bulged region of subradular membrane (br) (Cheilea,
Ca. sycophanta, Vanikoro) (Cl: 75; RI: 88, not additive).

66. M7 accessory muscles: 0= absent; 1= m7a (B.
aculeatus); 2= m7b (in dorsal surface) (Trichotropis spp.)
(CI: 100; RI: 100, not additive).

67. M6: O=thick, 1=thin (calyptraeids) (Cl: 100; RI:
100).

68. M 8: 0= absent; 1= present (calyptraeids) (Cl: 100;
RI: 100).

69. M9: 0= absent; 1= present (calyptraeids) (Cl: 100;
RI: 100).

70.M10size: O=large; 1=small (hipponicidsexcept H.
incurvus); 2= absent (calyptraeids except B. aculeatus, S.
calyptraeformis); 3= immersed in mj (trichotropids, Vanikoro,
Cp. sycophanta, S. calyptraeformis) (CI: 50; RI: 75, not ad-
ditive).

71. M12: 0= absent; 1= present (C. aff. plana, C. pro-
tea, S. calyptraeformis) (Cl: 50; RI: 50).

72. M14: 0= absent; 1= lateral (T. trochiformis, S
calyptraeformis); 2= ventral (remainder calyptraeids,
Cheilea) (Cl: 100; RI: 100).

The odontophore is an important structure for com-
parative studies and for obtaining characters. As shown
above, the odontophore muscle characters easily separate

the calyptraeids from remaining groups. However, analyz-
ing the position of the taxa on the cladogram, it is possible
to suggest some evolutionary trends. The massive m4 pair,
present in basal caenogastropods having dorsal and ven-
tral branches surrounding the pair of odontophore cartilages,
modified in the following aspects: 1) the pair of dorsal
branchesdivided, apart give origin to pair m2a(in node 14),
becoming acontinuation of them2; other part originated the
pair m8 (in node 13); 2) the pair of ventral branches becom-
ing attached directly to the subradular membrane, condition
absent both basal caenogastropods and basal
calyptraeoideans.

The m5 pair is inserted in a short portion of radular
sac in basal caenogastropods, but in trichotropids and
calyptraeids there is a modification to an ampler inserted
condition, surrounding both sides of radular sac.

The m9 and the mt are new acquisitions of the
calyptraeoideans, absent in some hipponicids (node 9 — a
reversion).

Them14 pair isalso anew feature of the calyptraeids.
Itislaterally located in both basal taxa (S. calyptraeformis,
Trochita) and ventral in remaining taxa (after node 15). A
surprisingly similar m14 occursin Cheilea.

It isinteresting to observe that some hipponicids re-
verted some odontophore muscles to a condition similar to
those of basal caenogastropods, becoming similar to those.
Thisin part can be explained by the tendency for reduction
of this organ.

73. Rachidian basal-lateral cusp: 0= absent; 1= present
(Hipponix spp.) (Cl: 100; RI: 100).

74. Rachidianform: 0= dmost asquare; 1=long antero-
posteriorly (calyptraeids); 2= broad (hipponicids, Cp.
sycophanta, Vanikoro) ((Cl: 100; RI: 100; not additive).

75. Rachidian central cusp: O=clearly larger than neigh-
bor cusps; 1= almost of same size than neighbor cusps
(Hipponix spp, Calyptraea centralis) (Cl: 50; RI: 80).

76. Lateral tooth width: 0= about same as rachidian;
1=morethan twicerachidian (all speciesexcept trichotropids
and Cp. sycophanta) (Cl: 100; RI: 100).

77. Lateral tooth tip: 0= turned inwards; 1= turned
forwards (Hipponix spp, Malluvium) (CI: 100; RI: 100).

78. Inner and outer marginal teeth tip: 0= blunt; 1=
pointed (all species) (Cl: 100; RI: 100).
79. Inner and outer marginal teeth tip: 0= with cusps,
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1=without cusps (trichotropids) (Cl: 100; RI: 100).

80. Inner and outer margind teeth length: O=littlemore
than rachidian width; 1= morethan twicerachidianwidth (all
speciesexcept trichotropids, Cp. sycophanta); 2= morethan
4 timesrachidian width (Hipponix spp, Malluvium) (CI: 100;
RI: 100; additive).

The additive optimization isbased on the comparison
among the states, appearing to be the same tendency of
increment of the marginal teeth. However, the result is the
sameif theanalysisis performed as not additive.

81. Inner and outer marginal teeth cusps: 0= in both
sidesof tip; 1= only intip inner margin (calyptraeids except
S calyptraeformis) (Cl: 100; RI: 100).

The polarization of the radular characters is mainly
based on Cerithioidea, Hydrobioideaand Stromboideafea-
tures. The radula importance in calyptraeoidean compara-
tivestudieswasexplored by Bandel & Riedel (1994). Several
features of radulawere searched, but, except for those above,
they are autapomorphic or inconclusive.

82. Sdlivary glands: 0= passing through nerve ring;
1=anterior to nervering (all examined species) (Cl: 100; RI:
100).

83. Sdlivary glandsform: 0= asingle mass clustering
around esophagus; 1= separated into two masses (all exam-
ined species except H. costellatusand H. grayanus) (Cl: 33;
RI: 0).

84. Sdivary glandssize: 0= large, occupying morethan
half of haemocoel volume; 1=very small (all examined spe-
ciesexcept B. aculeatus) (Cl: 50; RI: 0).

The ingroup state, having salivary glands, that do
not pass through the nervering, is extraordinary. This state
isregarded as synapomorphy of the neogastropods. On the
other hand, salivary glands anterior to nerve ring in the
mesogastropod grade are rare, but have been observed in
some Cerithioideans (Simone, 2001, a species of
Pleuroceridae) and in the Strombidae (Simone, in press), as
well asin al ingroup species, even those with very large
glands (B. aculeatus). Possibly, the whole anterior condi-
tion of the ingroup salivary glandsis due to the elongation
of the anterior esophagus, the result of adaptations for pro-
tracting the snout (almost a true proboscis, see discussion
above) and, additionally in the calyptraeids, the elongation
of the neck.

Another clear tendency of the ingroup speciesisto
reduce the salivary glands. Except in B. aculeatus, al re-
mainder examined species have apair of very small glands,

generally not long enough to forming a mass clustering
around esophagus. In Trichotropis the salivary glands are
so small that are only visible in their posterior extremity,
close to the posterior region of buccal mass, where a short
portion detaches from local wall. Practically the entire sali-
vary glands of this taxon areimmerse in the dorsal wall of
the buccal mass. The salivary gland of H. leptusisextremely
reduced, almost absent, maybe due to buccal mass reduc-
tion.

85. Esophagusinner surface: 0= with foldsand glands;
1=only with folds (all examined speciesexcept following);
2=smooth (H. costellatus, Cheilea); 3=withapair of pouches
(Trichotropisspp.) (Cl: 75; RI: 50; not additive)

This character is better compared to the
archaeogastropods, in which the esophagusisnormally rich
in glands and special chambers. However several basal
caenogastropods have glandular ridges in the esophagus,
which areregarded as plesiomorphic.

86. Ducts to digestive gland (in stomach): 0= 2 (or
more) of equivalent size; 1= 2, posterior reduced (Crepidula
spp, Malluvium); 2= 1 (B. aculeatus, Ca. centralis,
Crucibulum spp., Hipponix spp., Cheilea) (Cl: 40; RI: 75,
not additive).

The plesiomorphic condition of the caenogastropod
stomach iswith apair of ductsto the digestive gland. How-
ever reduction to a single duct and even reversion to apair
was observed (convergently) in the cerithioideans (Simone,
2001). The Californian Crepidula adunca aso presents a
pair of ductsto digestive gland (Moritz, 1938).

Although this character was analyzed as non- addi-
tive, an additive optimization isalso intuitive, becausethe 3
states appear to be asingle evolutionary trend. If this char-
acter is considered additive, the resultant tree is the same,
but the number of steps changesfrom 5to 7, and theindices
toCl: 28, RI: 68.

87. Style sac and intestine: 0= amply connected with
each other; 1= almost entirely separated (hipponicids ex-
cept H. leptusand Chellea, Vanikoro) (ClI: 33; RI: 66).

The style sac amply connected to intestine is the
plesiomorphic character, found in the archaeogastropods,
basal caenogastropods and even in the other mollusc groups
(i.e., Bivalvia). On the other hand, the tendency to separate
both structures, until their complete separation (only com-
muni cated by stomach —thiscaseisnot found intheingroup
species, which have a very short portion still united), is
found in the cerithioideans and in the stromboideans
(Simone, 2001, in press). The Californian Hipponix
antiquatus (L.) apparently have the style sac fused with the
intestine (Yonge, 1953).
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No examined specimens presented acrystalline style
within style sac, however it wasfound in C. adunca (Moritz,
1938) and H. antiquatus (cf. Yonge, 1953). The absencein
the examined specimens can be afixation artifact.

88. Intestinal loops: 0= several; 1= few (up to three)
(trichotropids, calyptraeids, H. costellatus, H. subrufus) (Cl:
33, RI: 75).

Several intestinal loopsarefound, ingeneral, in her-
bivorous and microphagous gastropods, and therefore in
most archaeogastropods and some basal caenogastropods.
Itis regarded as plesiomorphic. Although the ingroup spe-
cies have considerable intestine length, only basal
hipponicids possesses a similar plesiomorphic, several-
looped fashion.

89. Intestinal loop, “ U” -shaped, preceding rectum, ex-
posed in pallial cavity roof: O= absent (or within visceral
mass); 1= present (calyptraeids except T. trochiformis, S
calyptraeformis); 2= ample (C. convexa) (Cl: 100; RI: 100;
additive).

The described, U-shaped, intestinal loop is an inter-
esting character of the calyptraeids, unique in being almost
all exposed in pallial cavity roof. The posterior surface of its
initial portion is connected to the kidney, but the intestine
extends beyond therenal limit. In C. convexa, thisintestinal
loop is aso developed, but weakly shorter and forming a
more open angle (about 70-80°). Trochita and Trichotropis
also possess the homologous region of the intestine, but
part isimmersed in intestinal tissue and part exposed in the
pallial cavity. The different kind of intestinal loops among
Trochita, Calyptraea and Crepidula was also pointed out
by Kleinsteuber (1913, figs. T-V).

The additive optimization is merely suggestive, be-
cause the state 2 appears to be amodification of the state 1.
However, nothing changes in the result if this character is
considered not additive.

90. Intestinal loop anterior to kidney: 0= absent; 1=
present (all speciesexcept trichotropids) (Cl: 100; RI: 100).

Ingeneral, theintestine runsstraightforward after kid-
ney chamber (normal rectum), but in most ingroup species
there are one or more loops anterior to kidney. This state,
however, is apparently absent in Hipponix australis
(Lamarck, 1819) (sic Knudsen, 1991, fig. 2).

91. Anus position in females: 0= close genital pore;
1=far fromit (hipponicids, S. calyptraeformis) (Cl: 50; RI:

87).

Genital system

Development

92. Reproduction type: 0= gonochoristic; 1=
protandric hermaphroditism (all examined speciesexcept C.
protea) (Cl: 50; RI: 0).

Asdiscussed previously the differencesin develop-
ment are the main character used for the concept on C. pro-
tea and C. aff. plana remains as separated species. This
datum, aswell the development of all ingroup species, mer-
its further studies, because the available material is not ad-
equate for this sort of evaluation. As stated above, several
small specimens of calyptraeids have no penis, and prob-
ably evolve to female without the male phase. Anyway, the
hermaphroditismisnot the rule among the caenogastropods,
and indubitably it isaderived condition.

Some studies on the development of calyptraeids,
from eggsto female phase, arefound in literature (Conklin,
1897; Gould, 1917 on C. &ff. plana; Coe 1936, 19383, 1948;
Collin, 2000). The present data are based on these studies.

93. Spawning: 0= outside of body, in substrate; 1=in
shell cavity, protected by neck ventral surface; (calyptraeids)
2=inshell cavity protected by and connected to propodium
(hipponicids except, Cheilea) (Cl: 100; RI: 100; not addi-
tive).

Theingroup species devel oped singular methodsfor
brooding the egg capsules in two different ways protected
by the mother shell. Several specimenswere examined with
the capsules still attached, but this character was not con-
firmed in all species. The stateswereinferred to all species
(beyond those without examined brooding specimens) based
on literature (e.g., Bandel, 1976) or due to the presence of
the morphological structuresfemales usefor protecting the
capsules;. All calyptraeid and hipponicid egg capsules seen
in this study and shown in the literature (e.g., Hoagland,
1986: 177,fig. 5) arevirtually identical in shape, looking like
a“balloon”. The development of the embryos, however, is
quitevariable, as some species present free swimming larva,
while other are of direct development (Gallardo, 1977;
Hoagland & Coe, 1982).

94. Gonad position in visceral mass. 0= along col-
umellar surface; 1= concentrated in anterior and ventral re-
gions (calyptraeids); 2= somewhat in center of ventral re-
gion (hipponicids); 3= without preciselocalization (Capulus)
(CI: 100; RI: 100; not additive).

Thischaracter isalso influenced by the modification
of the body plan of these animals.

Male

95. Seminal vesicle: 0= in central-anterior region of
visceral massventral surface; 1=in right-anterior extremity
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of visceral mass (calyptraeids, H. leptus, Cheilea, Sabia);
2= absent (remainder hipponicids) (Cl: 66; RI: 83; not addi-
tive).

Thesemina vesicleisadifferentiated, thick glandu-
lar region of the visceral vas deferens, present in most
caenogastropods. In the ingroup species, the location of
thisstructureismodified in the calyptraeids, whileitismiss-
ing as differentiable organ in most hipponicids.

96. Penis origin: 0= by side or posterior to right ten-
tacle; 1=ventral toit (hipponicids) (Cl: 100; RI: 100).

Although no male of Vanikoro and Capulus was ex-
amined, the databy Berg (1896) and by Giese (1915) (respec-
tively) show the normal origin of the penis behind right
cephalictentacle.

97. Peniswith papillaon tip: 0= absent; 1= present (B.
aculeatus, C. aff. plana, C. protea, C. argentina, H.
costellatus, H. subrufus) (Cl: 25; RI: 40).

The papillaof the hipponicids penisisquite variable
among specimens of asingle species. That of H. costellatus
is absent in some specimens, however, perhaps dueits fra-
gility, it could belost during fixation. The penis papillaof H.
subrufus, on the other hand, is very large in some speci-
mens, while not so large in others, but always present. The
Cdlifornian H. antiquatus also possesses a papillate penis
(Yonge, 1960, fig. 1) similar to that of H. subrufus and H.
leptus. Brown & Olivares (1996) already suggested the pres-
ence of penis papillae asvauable systematic feature for the
calyptraeids.

98. Distal end of penis sperm groove: 0= extends to
distal tip of penis; 1= dlight far from penistip (Cr. auricula,
H. costellatus, H. subrufus) (Cl: 50; RI: 50).

99. Pallia vas deferens and penis duct: 0= opened (a
groove); 1= closed (atube) (Cheilea, Vanikoro) (Cl: 50; RI:
0).

According to thetree, Cheilea equestrisand Vanikoro
(see aso Berg, 1896) are convergent in the closure of the
male pallial gonoducts, from agrooveto atube.

Female

100. Seminal receptaclesin albumen gland: 0= absent;
1= present (all examined species except H. costellatus, H.
grayanus, H. leptus, Chellea, Trichotropisspp.); 2= reunited
in a sac (C. convexa); 3= modified in irregular ridges (T.
trochiformis) (Cl: 50; RI: 50; not additive).

Gould (1917: 11) called thesmall vesiclesseminal re-
ceptacles (nomenclaturefollowed here), but they may repre-

sent additional secretory organs. Although considered
apomorphic due to their absence in most of the outgroups,
something similar isfound in the xenophorids (Stromboidea)
and in tonnids (Tonnoidea). Tthe structures in tonnids are
paired. Thestructure of Trochitaisimmersed intheabumen
gland as a coiled glandular tube. It may be homologous to
the others, but it was considered here as analogous.

101. Albumen gland location: O=inpallia cavity, pos-
terior to capsule gland; 1= edging visceral mass, at side of
capsule gland (B. aculeatus, Crepidula spp, Crucibulum
spp.) (CI: 100; RI: 100).

102. Glandular concavity in propodium base for cap-
sulesattachment: 0= absent; 1= present (hipponicids except
Cheilea) (Cl: 100; RI: 100).

Cheilea wasthe single hipponicid without this struc-
ture. The egg capsules are similar in form, but unlike those
of the remaining members of thefamily, wherethe capsules
stalks connected to the concavity, the Cheilea capsules are
attached to the borders of the ventral calcareous plate (fig.
369).

103. Capsulegland: 0= continuation of pallial oviduct;
1=ablind sac (B. aculeatus, Ca. centralis, Crucibulumspp.);
2=similar, but with vaginal tubeinitsbase (Crepidulaspp.)
(ClI: 100; RI: 100; additive).

The additive optimization is based on the similarity
between states 1 and 2, which appear to be a successive
modification. However the results (tree and indices) arethe
same if this character istreated as additive.

104. Bursa copulatrix: 0= present; 1= missing
(calyptraeids except Cr. quiriquinae, Cp. sycophanta,
Malluvium, T. borealis) (Cl: 20; RI: 63).

105. Vaginal tube: 0= very short (extending little be-
yond capsule gland); 1= very long (Crepidula spp, Cr.
quiriquinae); 2= arched towards posterior (S.
calyptraeformis) (Cl: 66; RI: 80; not additive).

106. Genital pore: 0= a slit; 1= a small papilla
(calyptraeidsexcept S calyptraeformis); 2= atall papilla(C.
aff. plana, C. protea, C. convexa, C. fornicata) (Cl: 100; RI:
100; additive).

Thepallia oviductisnormally asource of characters
valuable for comparative study in caenogastropods, both in
species and at higher levels. In the hipponicids, the pallial
oviduct is large and different in each species. In the

http://www.bi otaneotropica.org.br


http://www.biotaneotropica.org.br

Luiz Ricardo L. Simone - Biota Neotropica, v2 (n2) - BN01602022002 125

calyptraeids it is very small and similar in some species.
Except for the species listed above in the state 2, most
calyptraeid pallial oviduct is unique in being “V” -shaped,
with the female pore located at the vertex. In the species
listed in state 2 the pallia oviduct is similar, but thereisa
long and slender vaginal tube beginning atthe base of the
capsulegland. However, it isnot difficult to realize that one
may be derived from the other. Another apparent kind of
modification of the pallial oviduct, closer to the basal condi-
tion, ispresent in Crepidula walshi Reeve (Yipp, 1983, fig.
4), this may represents another evolutionary branch for the
genus. Examples of some calyptraeid pallial oviducts, and
comparative comments, areal so found in Kleinsteuber (1913,
fig. W).

Some structures and glands are named herein based
on their aspect and topology, but surely further studies are
necessary to confirmtheir function. Thepallial oviduct, asa
whole, had been referred singly as* uterus’ inancient litera-
ture (e.g., Kleinsteuber, 1913; Gould, 1917), but the nomen-
clature has been uniform with morerecent papers(e.g., Yipp,
1983) that includes histological studies. Hoagland (1986)
performed acomparative study of calyptraeid anatomy and
function of the pallial oviduct, and figured the structure of
Crepidulalessoni (Broderip), C. cf convexaand C. acul eata.
Although the pictures are too schematic to be used herein
detail, the data are incorporated to present study. In that
study, the albumen gland is called the posterior pallia ovi-
duct, the capsule gland as medial pallial oviduct, and the
vaginal tube as anterior one. The presence of the
gonopericardial duct and several vesicular seminal recep-
taclesisclear inall species.

The character 106 is considered to be additive be-
cause state 2 appears to be a modification (increasing) of
state 1. However, nothing changesif it isconsidered asnon-
additive.

107. Closure of the pallial oviduct: 0= opened (afur-
row); 1= closed (atube) (all species) (Cl: 100; RI: 100).

Central nervoussystem

108. Position: 0= just posterior to buccal mass; 1=
very posterior, far removed from buccal mass (all examined
speciesexcept Trichotropis spp.) (Cl: 100; RI: 100).

109. Gangliaproportional sizeand location: 0=small,
far from each other; 1= large, close with each other
(calyptraeids, hipponicids) (Cl: 100; RI: 100).

110. Buccal gangliaposition: 0= closeto medianline;
1=lateral in odontophore, closeto m2 insertion (hipponicids
except Cheilea and H. leptus, Trichotropis spp., Vanikoro)
(Cl: 25;RI: 62).

111. Additional ventral connective between both pa-
rietal ganglia: 0= absent; 1= present (Crucibulumauricula)
(CI: 100; RI: 100).

The available material was not good enough for de-
tailed studies of the central nervous system, which in gen-
eral needs special fixation. On the other hand, the structure
is normally conservative at superfamily or family levels.
However, someinteresting aspects of the main gangliawere
obtained and used herein. The buccal gangliastateis polar-
ized based on basal caenogastropods, but asimilar tendency
for lateral located gangliaisalso found in the cerithioideans
(Simone, 2001).

Except for Trichotropis, the remaining ingroup spe-
cieshavearelatively concentrated nervering relatively with
proportionally large ganglia, unexpected in sedentary ani-
mals. In part the microphagy, and consequently the limited
necessity for esophagus expansion can explain this.

Details of the central nervous system, itsmain nerves
and ganglia are found in Kleinsteuber (1913, figs. N, Q),
Hesath (1916), Moritz (1938, fig. 4) (theseboth for C. adunca);
Graham (1954, fig. 4 for Capulusungaricusand C. fornicata),
from which theexamined speciesarevery similar.

Larval type

112. Echinospiralarva: 0= absent; 1= present (capulids,
trichotropids) (Cl: 50; RI: 50).

Despite the importance (Callin, 1997a) for species-
level systematics, no larval character was scored in present
material, because of total impossibility. However, the
echinospiralarvawas strongly recommended to beincluded
in present study by Riedel (personal communication). For
thisinclusion, the dataof Bandel & Riedel (1994) was used,
who pointed out this kind of larva for the capulids and
trichotropids.

According to the present study, 2 equal parsimoni-
ous optimizations are possible: 1) a calyptraeoidean
synapomorphy with reversion in node 4; 2) convergence
trichotropids and capulids. The second hypothesis is pre-
ferred here. Additional dataon larval charactersarefoundin
Callin (1997b).

CLADISTICANALYSS

Figure 436. Matrix of characters of the Calyptraeoidea
sample studied herein, with 2 outgroups included in last
rows. A basal caenogastropod sample, operationally an all-
zerorow, isomitted.

DISCUSSION OF THE CLADOGRAM AND THE
TAXONOMY
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1 2 3 4 5

12345 67890 12345 67890 12345 67890 12345 67890 12345 67890 12345 6
Bacule 21112 11100 11010 11132 21111 11101 207?11 11112 11111 12100 10111 1
Cplana 21112 11100 11110 11132 11111 11101 217221 11112 12111 12101 10101 1
Cprote 21112 11100 11110 11132 11111 11101 217221 11112 12111 12101 10101 1
Carge 21112 11100 11010 11132 11111 11101 217221 11112 12111 12102 10101 1
Cconve 21112 11100 11010 11102 11111 11101 217222 11112 12111 12100 10101 1
Cforni 21112 11100 11110 11132 11111 11101 217221 11112 12111 12101 10101 1
Calypt 22102 11100 11010 11031 11110 11101 20721 11112 11121 12100 10101 4
Cruaur 23102 11200 11010 11132 11110 12111 202?11 11112 11111 12100 12101 2
Cruqui 23102 11200 11010 11132 11110 12111 207?11 11112 11111 12100 12101 2
Trochi 40101 11000 11010 11021 11110 11101 207221 11112 11111 12100 10100 4
Scalyp 40101 11100 11010 11011 11111 11101 207211 11112 12111 12100 10100 4
Hcoste 10102 12321 00002 12200 00110 00200 10100 01111 02002 01110 01120 3
Hsubru 10102 12331 00002 12200 00110 00200 10200 01111 02002 01110 01120 3
Hincur 30111 12322 00201 12200 00110 00200 10000 01111 02002 01110 01100 3
Hgray 10102 12331 00022 11200 10110 00200 10200 01111 02002 01110 20100 3
Hlept 10102 12331 00022 11200 10110 00200 10200 01111 02002 01110 20100 3
Sabia 10102 12320 00001 11200 10110 00200 10200 01111 02002 01110 20100 3
Malluv 30111 12320 00022 11200 10110 00200 10100 01111 02002 01110 20100 3
Cheile 24102 12020 00020 11100 10110 00200 10300 01111 01002 01110 20100 3
Capusy 10112 10310 00003 11200 10011 00001 10033 01011 02002 01110 10000 3
Tcanc 00100 00010 00003 11000 10000 00001 10033 01011 01000 01000 10000 O
Tborea 00100 00010 00003 11000 10000 00001 10033 01011 01000 01000 10000 O
Vanik 00100 02010 01320 11000 10010 00000 10000 01111 01002 01110 20010 O
Stromb 00000 00000 00000 01000 OOOOO 00000 00000 00000 00000 00100 10000 O
Cyprae 00000 00000 00000 11000 0OOOOO 00001 00010 00000 00000 00110 10000 O

Figure 436. Matrix of characters of the Calyptracoidea sample studied herein, with 2
outgroups included in last rows. A basal caenogastropod sample, operationally an all-zero
row, is omitted.
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5 6 7 8 9 10 11

7890 12345 67890 12345 67890 12345 67890 12345 67890 12345 67890 12
Bacule 1111 01110 11110 02010 10101 11101 20111 01111 01001 10110 11110 0O
Cplana 1111 01110 01112 12010 10101 11111 10111 01111 01001 10211 21110 00
Cprote 1111 01110 01112 12010 10101 11111 10111 00111 01001 10211 21110 0O
Carge 1111 01110 01112 02010 10101 11111 10111 01111 01001 10211 11110 0O
Cconve 1111 01110 01112 02010 10101 11111 10121 01111 00002 10211 21110 00
Cforni 1111 01110 01112 02010 10101 11111 10111 01111 00001 10211 21110 0O
Calypt 1111 01110 01112 02011 10101 11111 20111 01111 00001 00110 11110 0O
Cruaur 1111 11110 01112 02010 10101 11111 20111 01111 00101 10110 11110 20
Cruqui 1111 11110 01112 02010 10101 11111 20111 01111 0?2?01 10101 11110 10
Trochi 1211 01110 01112 01010 10101 11111 00101 01112 0?2?03 00010 11110 00
Scalyp 1001 01110 01113 11010 10101 01111 00101 11112 00201 00002 01110 0O
Hcoste 1000 00001 00001 00121 11102 01012 21101 11222 11100 01000 01111 00
Hsubru 1000 00001 00001 00121 11102 01111 21101 11222 11101 01000 01111 0O
Hincur 1000 00001 00000 00121 11102 01111 21001 11222 12201 01000 01111 0O
Hgray 1000 00001 00001 00121 11102 01011 21001 11222 10000 01000 01111 00
Hlept 1000 00001 00001 00121 11102 01111 20001 11221 10000 01000 01110 00
Sabia 1101 00001 00003 00020 10101 01111 01001 11221 10001 01000 01111 0O
Malluv 1101 00001 00001 00020 11102 01111 11001 11222 10201 01010 01111 0O
Cheile 1101 00103 00001 00020 10101 01112 20001 11021 10010 00000 01110 00
Capusy 0101 00103 00003 00020 00100 01111 00001 01032 02001 00010 01100 01
Tcanc 0101 00112 20003 00000 00110 01113 00100 01000 00000 00000 01001 O1
Tborea 0101 00112 20003 00000 00110 01113 00100 01000 00000 00010 01001 O1
Vanik 1001 00003 00003 00020 10101 01111 01001 01002 02011 00000 01101 00
Stromb 0000 00000 00000 00000 00100 00001 00100 00000 00000 00000 01000 00
Cyprae 0000 00000 00000 00000 00100 00000 00100 00000 00000 00000 01000 00

Abbreviations: Bacule, Bostrycapulus aculeatus; Cplana, Crepidula aff plana; Cprote, C. protea; Carge,
C. argentina; Cconve, C. convexa; Cforni, C. fornicata; Calypt, Calyptraea centralis; Cruaur, Crucibulum
auricula; Cruqui, Crucibulum quiriquinae; Trochi, Trochita trochiformis; Scalyp, Sigapatella
calyptraeformis; Hcoste, Hipponix costellatus; Hsubru, H. subrufus; Hincur, H. incurvus; Hgray, H.
grayanus; Hlept, H. leptus; Sabia, Sabia conica; Malluv, Malluvium devotus; Cheile, Cheilea equestris;
Capusy, Capulus sycophanta, Tcane, Trichotropis cancellata; Thorea, T. borealis; Vanik, Vanikoro sp.;
Stromb, Stromboidea ground plan; Cyprae, Cypracoidea ground plan.
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Figure 437: Single most parsimonioustree with numbered nodes. Length 267; Cl 67; RI 88.
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Figure438: A, Single most parsimonious tree with the synapomorphies of each node shown. Length 265; ClI 67; RI 88,
archaeogastropods, Cerithioidea and Hydrobioidea as outgroups. B, same, with the addition of 2 outgroups as part of
ingroup (Cypraeoidea and Stromboidea ground plans. Calyptraeoidea represent the tree A except the node # 1.
Length 272; CI 65; RI 89. Black square = non homoplastic synapomorphy; black circle = ingroup convergence; white
square = reversion; number upper = character; number below = state.
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(Figs436-438)

The Calyptraeoidea, Hipponicoidea and Capuloidea
appear to be asingle taxon — Calyptraeoi dea— supported by
27 synapomorphies (node 1) if the outgroups were the
archaeogastropods, Cerithioidean and Hydrobioidea (Fig.
438A); and 21 synapomorphiesif the Stromboidea and the
Cypraeoideaground planswereincluded in theingroup (Fig.
438B). Another analysis considering all characters as not
additive was performed and the obtained tree is absolutely
thesame. The parametersarelength: 265, Cl: 67, RI: 87. Ac-
cording to P. Bouchet (personal communication), the name
Calyptraeidae has priority over Crepidulidae (and respec-
tive superfamily names) based on the following: the name
Crepidulidae was established (as Crepiduladae) by Fleming
(1822: 494). The name Calyptraei dae was established (inthe
vernacular form“les Calyptacées’) by Lamarck (1809: 321).
Children (1823: 227) first latinized it (as Calyptraciana). The
name Calyptraeidae was never credited to Children, but to
Lamarck, having priority over Crepidulidae according to
ICZN article 11.7.2. Calyptraeidae wasfirst rai sed to super-
family (as Calyptraeacea) by Thiele (1925: 88) (name also
mentioned by Troschel, 1861: 188), the same only happened
to Crepidulidae (as Crepidulacea) in Abbott (1974: 138).
Hipponicidae was introduced by Troschel, 1861 and
Capulidae by Fleming, 1822. The presented result in part
clarifiesan apparent confusion refering to theinter-relation-
ship of these taxa (see introduction) and gives a basis for
understanding its identity.

The first branch of the Calyptraeoidea tree is the
trichotropids (node 2), which share 7 synapomorphies. The
basal position of the trichotropids was expected because of
their shell shape and the presence of an operculun. This
position was al so suggested by Hoagland (1977).

The following branch (node 3), supported by 10
synapomorphies, represents the remaining calyptraeids ex-
cept the trichotropids. This node is marked by the begin-
ning of shell modification, and adaptations of the inner
anatomy reflecting shell modification, such asrestriction of
thepalia cavity by the mantle (character 24), the position of
thereno-pericardial structures(chs. 45, 48), intestinal loops
(ch. 90), position of nervering (ch. 108), etc.

Capulus sycophanta has 13 autapomorphies, most
(11) being convergent states, mainly with the hipponicids.
Severa of these convergences (characters1to 18) areclearly
due to patelliform, limpet shell shape adaptations, some-
times also shared even with outgroups limpet representa-
tives (e.g., patellids, acmaeids, cocculinids), as, e.g., the
horseshoe-shaped shell muscle.

The following branch (node 4), supported by 10
synapomorphies, is mainly characterized by the modifica-
tion of the head-foot (chs. 7, 14). The Vanikoro sp, repre-
senting thefamily Vanikoridae Gray, 1840, isthe sister-group

of the hipponicids and calyptraeids (node 5), and in the
present analysis it appears with 8 autapomorphies. Further
comments on the family Vanikoridae are found in Warén &
Bouchet (1988).

Node 5 unitesthe Hipponi cidae and the Calyptraeidae
supported by 7 synapomorphies. Thisgroupismainly char-
acterized by the reduction of the spire (ch. 5), of the opercu-
lum (ch. 6), and posterior position of the nervering (109).

Node 6 representsthe family Hipponicidae, united by
10 synapomorphies, which includes Cheilea as the basal
branch, followed by Sabia, and after that by Malluvium.
The genus Hipponix, with Pecific and Atlantic representa-
tives, is monophyletic, supported by 6 synapomorphies
(node9).

Node 13 representing thefamily Calyptragidaeisvery
well supported by 37 synapomorphies. S. calyptraeformis
isthefirst branch of the calyptraeids, followed by Trochita
trochiformis (node 14) and Calyptraea centralis (node 15).
S calyptraeformis has been considered to belong to both
Trochita and Calyptraea, which, as commented in preced-
ing sections, is not consistent with my results. Thisis the
reason why | attributed it to Sgapatella-, opinion shared
with other authors(e.g., Garrard, 1961; Macpherson & Gebrid,
1962; Wilson, 1993). Although, there are 5 species in the
genus Trochita (Taylor & Smythe, 1985), which are united
by shared plesiomorphies (see, e.g., databy Rehder, 1943),
such as spiral shell. It is possible that the spiral shelled
calyptraeids may represent paraphyletic grades of basal
taxa. However, there is not enough anatomical information
in the literature to resolve this question.

Node 16 groups the non-spiral shelled calyptraeids,
supported by 4 synapomorphies. The Crucibulumis mono-
phyletic, indicated by 6 synapomorphies, while its sister
group is a clade with the species represented after node 18
(with 5 synapomorphies). This clade groups the previously
considered Crepidula species. B. aculeatus, as mentioned
in the description section, is separated from the Crepidula
by its own characters and on the presence of an available
genus name. The genus Crepidula (node 19) is supported
by 5 synapomorphies.

The tree obtained in the present study is not to be
regarded as “the phylogeny of the superfamily
Calyptraeoided’, but as another step in that direction. The
informations extracted from the tree mostly agree with the
present knowledge and taxonomy of the group, but there
are afew polemic points. The presented result is, however,
considered enough for interpreting the heterogeneous
sample as belonging to the same biological unit called
Calyptraeoidea, with agroup of defining characters known
(node 1). This ground plan can be interpreted as definitive
of the group and can be used to understand the relation-
ships of the group with other closely related superfamilies.

Bremer support and Bootstrapping were used to de-
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Fig. 439, obtained cladogram showing bootstrap support of each node, based on 500
replicates each with 10 random additions of a heuristic search.
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termine how well supported the different nodes were. Only
nodes 1 and 13 had aBremer index of 1 whilethe other nodes
all collapsed. Thisresult ismaybe dueto the high degree of
homoplasies and to the relatively few characters in the
dataset. It ispossible that the Bremer index ismore suitable
for molecular analyses that normally encompass several
hundred characters. A moreinformative result was obtained
from the bootstrap analysis: (Fig. 439). Any node with over
70% support isconsidered to bewell-supported. In this point
of view, most nodes of obtained cladogram are well sup-
ported, having only 3 nodes between 60 and 70% (nodes 4,
20and 21).

CONCLUSIONS

The Calyptraeoidea is a monophyletic taxon and
groupsthefamilies Trichotropidae, Capulidae, Vanikoridae,
Hipponicidae and Calyptraeidae.

Its ground plan is known (node 1), and includes 21
synapomorphies.

Charactersof all systemsand organsare valuablefor
comparative studies and for phylogenetic analyses.

Some taxonomic changes were necessary for the tax-
onomy to reflect the possible phylogenetic relationships,
such as to consider Cheilea a hipponicid, and the attribu-
tion of Sgapatella to S. calyptraeformis.
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Abstract

Based on population data provided by the 2000 IBGE census, the volume of domestic sewage, the volume of
treated sewage, the potential and remnant domestic sewage |loads and the equivalent carbon and nitrogen loads were
estimated for each one of the 645 counties of the Sao Paulo State and for the catchments of the rivers Piracicaba, Mogi-
Guagu, Turvo, Peixe, Aguapei, Sdo José dos Dourados, Itapetininga, Apiai, Taguari, and Paranapanema. In order to
estimate these parametersthe existence of sewage collecting system, and the existence of any kind of sewagetreatment in
each county of the State were taken into account. The database generated in this study may be found at
www.cena.usp.br/biota Despite of the historical attemptsof the Sdo Paulo State government in treating sewage, only 17%
of the sewage volume produced in the State has some type of treatment beforeit islaunched to rivers. Consequently, the
load of untreated sewageisindeed very large. Thisinput of extraorganic matter causes severe alterationsin water bodies.
Among the catchmentswe have analyzed the PiracicabaRiver basin isthe most affected by domestic sewage, followed by

Mogi-Guagu and Turvo basins. On the other hand, the basins of theriversItapeteninga, Apiai, Taquari and Paranapanema
aretheleast affected.

KeyWords: rivers, watersheds, pollution, sewage, organicload.

Resumo

Os pardmetros. volume de esgoto gerado, volume de esgoto tratado, cargas poluidoras domiciliar potencial e
remanescente, cargas equival entes de carbono e nitrogénio foram estimados neste estudo a partir dos dados popul acionais
do censo 2000 do IBGE para todos os municipios do Estado de S&o Paulo bem como as bacias hidrogréficas dos rios
Piracicaba, Mogi-Guagu, Turvo, Peixe, Aguapei, Sdo José dos Dourados, Itapetininga, Apiai, Taquari e Paranapanema,.
Para essas estimativas foram levados em consideragéo o nivel de atendimento das popul agdes pela existéncia de redes
coletoras de esgoto e aexisténciaou ndo de algum tipo de tratamento de esgoto em cada municipio do Estado. Todas essas
estimativas encontram-se disponiveis em MW .cenausp br7bioid Apesar da preocupagdo histérica do Governo Paulista
com saneamento bési co, somente 17% do esgoto gerado no Estado sofre algum tipo detratamento prévio. Portanto, acarga
domiciliar remanescente € extremamente elevada. Esse aporte extra de matéria organica causa mudancas profundas nos
corpos hidricos receptores. Dentre as bacias hidrogréficas acima citadas, a bacia do rio Piracicaba é amais severamente
af etada por despej os de esgoto domeéstico, seguida pelas bacias dos rios Mogi e Turvo. Por outro lado, as bacias do Alto
Paranapanema (Itapeteninga, Apiai, Taquari e Paranapanema) sdo asmenos af etadas.

Palavras-chave: rios, baciashidrogréficas, polui ¢do, esgoto, cargasorganicas.
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1. Introducéo
Um dos maiores problemasambientaisdo Brasil éagrande
cargade esgoto lancada aos corpos hidricos sem um prévio
tratamento adequado. Dos 9.948 distritos pesquisados pelo
IBGE, somente 1.383 (14%) tém algum tipo de tratamento
para esgoto domiciliar (www.ibge.gov.br). No Estado de
Séo Paulo, em meados do século XIX, o governo da
provincia de Sdo Paulo demonstrava preocupagdo com o
saneamento basico. Aquele governo inaugurou o primeiro
distrito de esgoto em 1883, no bairro da Luz, quando a
cidade de Sdo Paulo tinha somente cerca de 20.000
habitantes (www.recursoshidricos.sp.gov.br). Atualmente,
0 governo paulista reconhece que "o ambiente salubre,
indispensavel & seguranca sanitaria e a melhoria da
qualidade de vida, é direito de todos, impondo-se ao Poder
Publico e a coletividade o dever de assegura-lo"
(www.recursoshidricos.sp.gov.br). Mais de um século
apds a inauguragdo do 1° distrito de esgoto, em 1992,
promulgou-se a lei 7.750, que dispde sobre a politica
estadual de saneamento de Sao Paulo, porém ainda hoje
vivemos uma situagdo grave quanto ao tratamento de
esgoto domeéstico no Estado.

O aporte adicional de matéria organica propiciado
pelos esgotos modifica o funcionamento bésico dos
sistemas aquéticos, interferindo na flora e na fauna local
(VanderPeek & VanGaans, 1997; Dauba et a., 1997;
Noppeetal ., 1999; Goni-Urrizaeta., 1999; Wass& Leeks,
1999; Naden & Cooper, 1999; Koning & Ross, 1999).
Vérios estudos redlizados na bacia do rio Piracicaba
demonstram que a concentracdo e a variagdo de gases
biogénicos, como oxigénio dissolvido e gas carbdnico
livre, é totamente modificada pela carga de esgoto
(Martinelli et al., 1999a; Ballester et al., 1999; Daniel et al .,
2002). Além dos gases, adistribuicdo do carbono orgénico
dissolvido e particulado também é aterada, aumentando as
concentracdes dessas formas de carbono e de nitrogénio
particulado e inorganico dissolvido (Martinelli et al.,
1999b; Krusche et a., no prelo). Como nitrogénio é um
nutriente limitante, esse aporte extra pode causar Sérios
problemasde eutrofizagdo em reservatdrios, como pode ser
observado no reservatério de Salto Grande, em Americana
(www.cetesb.sp.gov.br). Essas modificacdes tém o
potencial de alterar a distribuicdo das espécies animais e
vegetais e, conseqiientemente, interferir nabiodiversidade
local. Por exemplo, foi observada umamudancaacentuada
na populagdo de macroinvertebrados bentdnicos nas areas
mai s af etadas da bacia do rio Piracicabaem comparagéo as
areas mais preservadas (Ometto et al., 2001). Outro fator
relevante ligado ao saneamento bésico € a salide publica
(www.sabesp.com.br). Para ilustrar a idéia da relevancia
desse setor, cerca de 70 a 80% dos leitos hospitalares nos
paises desenvolvidos sdo ocupados por pacientes com
doengas veiculadas pela agua (Wurzel, 1993). Benicio &
Monteiro (2000) atribuiram a melhoria no suprimento de
agua, como sendo umadas principai s causas do decréscimo
decasosdediarréiaentrecriancasnacidade de Sdo Paul o.

Pelos motivos acima citados, € de suma importancia
gue se conhegam as cargas pol ui doras de origem domeéstica

no Estado de S&o Paulo. No entanto, somente mais
recentemente, os Comités de Bacias Hidrogréficas do
Estado de Sdo Paulo realizaram levantamentos precisos
sobre as cargas poluidoras de origem doméstica nas
Unidades Hidrogréficas de Gerenciamentos dos Recursos
Hidricos do Estado de Sao Paulo. Os resultados est&o nos
Relatorios Iniciais de Situagdo, denominados Relatérios
Zero. Apesar da importancia desses relatorios, as
informac8es sobre cada municipi o encontram-se dispersas
em cerca de 22 relatérios, os quais nem sempre se
encontram em um formato digital prontamente utilizavel
(pdf), tornando seu manuseio e mesmo a utilizagdo dos
dados uma tarefa extremamente ardua. A CETESB, por
meio do Relatério de Qualidade das Aguas Interiores do
Estado de S&o Paulo ano 2000 (www.cetesb.sp.gov.br)
também estimou as cargas pol uidoras de origem doméstica
para cada municipio do Estado. Estes municipios foram
agrupados conforme as Unidades Hidrograficas de
Gerenciamentos dos Recursos Hidricos do Estado de S&o
Paulo. Da mesma forma, esse documento encontra-se
disponivel num formato digital (pdf) de dificil manuseio e
utilizacdo dos dados. Além disso, o documento néo
especifica como foram feitas as estimativas de carga
poluidora, tornando dificil a interpretacdo. O banco de
dados proveniente deste levantamento sera de facil acesso
e, também, auxiliaranacorrelacdo entre osfatores biéticos
e abidticos, levando a um melhor entendimento das
alteragBes ocorridas nos habitats e, conseqlientemente, nas
comunidadesaguéticas.

Sendo assim, 0 objetivo desse estudo é estimar, apartir
de dados populacionais, a carga poluidora doméstica dos
645 municipios que compdem o Estado de Sao Paulo e, em
seguida agrupa-los de tal modo que permitam o calculo da
carga poluidora doméstica das seguintes bacias
hidrogréficas do Estado: Alto Paranapanema, Aguapei,
Peixe, S80 José dos Dourados e Turvo. Essas baciasforam
selecionadas por serem consideradas regifes importantes
guanto a biodiversidade aguética no Estado de S&o Paulo
segundo o programaBIOTA-FAPESP. Além dessasbacias,
foram também estimadas as cargas para as bacias dosrios
Mogi-Guagu e Piracicaba. Estas duas bacias recebem uma
carga poluidora alta, menor somente que a regido
metropolitanadacidade de Sdo Paulo.

2.Material eM étodos
A menor unidade territorial de andlise considerada neste
estudo foi 0 municipio, uma vez que os dados sobre
populagdo encontravam-se disponiveis somente nesse
nivel de organizacdo territorial. Os seguintes parametros
foram retirados da Fundag@o Seade (www.seade.gov.br):
nimero de habitantes no ano 2000 (P), populagdo urbana
no ano 2000 (PU), &rea do municipio (A), percentua de
esgoto tratado no ano de 1997 (ET), percentua da
populagéo do municipio quefoi atendidapel aredesanitéria
no ano de 1991 (RE). Uma excecdo notével nesse
procedimento foi feita para 0 Municipio de Sdo Paulo.
Devido a sua grande populagdo, esse municipio tem um
peso importante em relacdo ao restante do Estado.
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Provavel mente por engano, no banco dedadosdo SEADE,
o percentual de esgoto tratado no ano de 1997 erade 100%.
Por acharmos muito elevada essa cifra, fizemos vérias
consultas e chegamos a conclusdo que o percentua de
esgoto tratado nesse Municipio foi de no maximo 10%,
valor que foi adotado nesse estudo. Em seguida,
conferimos, através de consultas, a percentagem de esgoto

TU (%) :%- 100

tratado dos 20 muni cipi os mais poluidores, tentando evitar
enganoscomo o constatado parao Municipio de Sao Paulo.

Com os parametros citados acima foram cal culadas
as seguintes variaveis;

Taxa de urbanizacdo (%) Indica o percentual da
populacdo que vive em centros urbanos em relacdo a
populacdo total do municipio. Foi obtida pela seguinte
equacao:

@

Densidade demografica (habitanteskm?®) — Indica o niimero de habitantes do municipio pela unidade de &rea. Foi obtido pela

Seguinte equacao:
P
D=—
A

@

Volume de esgoto gerado (nT.dia™*) — E o volume de esgoto gerado por habitante por dia. Foi obtido pela seguinte equagso:

VE=PU - E. 1
100

onde: f1 é a produgso média diaria de esgoto por habitante (0,180 m*/dia).

©)

Volume de esgoto tratado (nt.dia™) — E o volume de esgoto gerado que sofre algum tipo de tratamento. Foi obtido pela seguinte

equacao:

VET =VE - ET
100

©

Volume de esgoto n&o tratado (n?.dia™) — E o volume de esgoto gerado que néo é tratado. Foi obtido pela seguinte equagio:

VENT =VE - VET

®

Carga poluidora domiciliar potencial (kgDBO.dia®) — E a carga de esgoto doméstico gerada pelos habitantes. Classicamente é

expressa em massa de DBO pela unidade de tempo. DBO € a abreviatura de demanda bi olégica de oxigénio e representa a atividade

metabdlica requeri da para mineralizar uma carga organica. Em outras palavras, é a quanti dade de oxigénio utilizada para mineraizar uma

certacargaorganica. Desse modo é proporcional a quantidade de carbono organico que € langada em um corpo receptor:

CPDP=P- RE- f2

©)

onde: f2 é a produgéo média diaria de esgoto por habitante, expressaem DBO (0,054 kg de DBO .dia™ habitante™).

Carga poluidora domiciliar remanescente (kgDBO.dia®’) — E a carga de esgoto que efetivamente foi langada em algum corpo

hidrico. Portanto, é a diferenca entre a carga pol uidora potencial e a cargaque foi tratada. Foi obti da pela seguinte equacéo:

CPDR=CPDP- (1- £1). &
100" 100

©

onde: ef € a eficiéncia do sistema de tratamento de esgoto empregado. A seguintes eficiéncias foram consideradas: | agoa de estabilizacdo

— 80%, lagoa facultativa - 80%, lagoa anaerdbica - 85%, fossafiltro - 70% e gradeamento primério - 5%.

Carga equivalente de carbono kgC.dia™) — E a carga poluidora domiciliar remanescente expressa em massa de carbono em vez de

massa de DBO. A conversio de DBO para carbono foi feita utilizando-se seguinte equagdo, proposta por Fadini & Jardim (Fadini &

Jardim, dados n&o publicados):
CEC =0,402 - CPDR

®

Carga equivalente de nitrogénio (kgNdia™) — E a carga de nitr ogénio gerada por habitante por dia. Segundo Meybeck (1982), cada

habitante geraem média 3,3 kgN.di a™. Foi obtida pela seguint e equagéo:

CEN=PU-(1- E1).33
100

©)
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O agrupamento dos municipios por baciafoi feito a partir
dasinformagtesobtidasnosRelatériosZero. Paraefeito de
estimativa de cargas organicas domiciliares foi consultado
nos respectivos Relatérios Zero o corpo hidrico e,
conseguentemente, a bacia hidrografica que cada sede de
municipio langava seus esgotos. A somatoria da carga de
cada municipio que compunha uma determinada bacia

hidrogréfica constituiu-se na carga total daquela
determinada bacia. Nesse estudo, foram consideradas as
seguintes bacias hidrogréficas: Alto Paranapanema, sub-
dividida nas bacias dos rios Itapetininga, Paranapanema,
Apiai-Guacu e Taquari, além das bacias dos rios do Peixe,
Aguapei, Sdo José dos Dourados, Turvo, Mogi-Guagu e
Piracicaba(Fig. 1).

'ﬁa‘\xﬁ;};ﬁﬁ% 2
o T e
[ 5

L3

“ Paranapanema
e

Figural. Localizagao dasareasdeestudo (bacias hidrogr &ficas) no estado de Sio Paulo.

Os mapas mostrados no presente trabalho foram
gerados a partir de duas principais fontes de informagdo: o
banco de dados do Seade (www.seade.gov.br) e a malha
digital municipal do Brasil (IBGE, 2000). O mapa do
Estado de S&o Paulo, formado por 645 municipios, foi
separado do mapa municipal do Brasil através do uso do
software Arcview 3.1 (ESRI, 1996). Com a planilha de
dados ja elaborada, procedeu-se a adicdo desta planilha
eletrénica junto ao arquivo digital da malha municipal do
Brasil, por meio do software Arcview (comando “join
tables’). O Arcview permite a manipulacdo da legenda,
bem como areordenacdo dos dados conforme os objetivos
de elaborac@o dos mapas. Sendo assim, apds essa etapa,
procedeu-se a manipulagdo dos dados para obter-se os
mapas de interesse. A delimitagdo da area de drenagem de
cada uma das baci as estudadas também foi feitaatravés do
uso do Arcview. Utilizando-se imagens de satélite
georreferenciadas como imagem de fundo, analisou-se os
divisores de &gua ao longo de cada bacia e realizou-se a
digitalizac&o de cada poligono. Posteriormente, criou-se 0
“layer” referente a area de drenagem da bacia. Este
procedimento foi adotado para cada uma das bacias
estudadas no presente trabalho. Em seguida, fez-se a
interseccdo entre os“ layers’ damalhamunicipal do Estado
de S&o Paulo e cadaumadasbacias, afim degerar um novo

arquivo que corresponde a malha municipal que esta
inseridaexatamente dentro dabaciade drenagem.

2.1. Incertezasassociadasasestimativas

A maioria dos parémetros estimados nesse estudo foi
baseada em dados de censos demogréficos. Portanto,
existem errosinerentesataisestimativas. Osdadosdenivel
deatendimento de rede col etora de esgoto sdo referentesao
ano de 1991. Portanto, sdo dados relativamente antigos
gue, em alguns casos, ja foram modificados. O ideal seria
uma consulta a cada um dos 645 municipios do Estado, o
gue seria uma tarefa para os organismos estaduais e
federais, fugindo assim do escopo desse trabalho. Para o
célculo de volume de esgoto e para as cargas domiciliares
utilizam-se constantes que multiplicadas pelo nimero de
habitantes resultam nos parémetros mencionados.
Portanto, as constantes sdo val ores médios que néo levam
em conta, por exemplo, particularidades regionais. Outra
fontedeincertezaé o tipo detratamento de esgoto que cada
municipio emprega e qual a eficiéncia de cada tipo de
tratamento. Seriainviavel buscar esse tipo de informagéo
em cada municipio que tém algum tipo de tratamento de
esgoto. Portanto, foram empregadas eficiéncias médias
encontradasnaliteratura.

Quanto ao trabalho de agrupamento dos municipios
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por bacias hidrogréficas, a maior fonte de incerteza foi
quanto agueles municipios que langam seus esgotos em
duas bacias distintas. E extremamente dificil saber o
percentua de langamento em cada bacia. Na maioria das
vezes foram consultados os Relatérios Zero e em alguns
casos, como o de Campinas, 0 Departamento de Aguas e
Energia Elétrica do Estado de S&o Paulo (DAEE). Outro
aspecto importante é o ndo georeferenciamento dos pontos
de langamento de esgoto domiciliar. Apenas sabemos que
uma determinada cidade lanca uma certa quantidade de
esgoto, mas ndo temos alongitude e alatitude do ponto de
lancamento. Esse fato faz com gque nossos mapas sgjam
apresentadosem nivel demunicipio endo emrelagdo auma
determinadacoordenadageogréafica

3.Resultados

3.1. O Estado de Sao Paulo

O Estado de Séo Paul o com érea de aproximadamente
250 mil km’ totalizava uma populagio de cerca de 37
milhdes de habitantes no ano 2000 (www.seade.gov.br).
Quanto a area ocupada pelos municipios paulistas, a
maioria deles (65%) fica entre 100 e 500 km?’. Somente
10% dos municipios tém areas menores que 100 km’® g,

somente 6%, maiores que 1000 km’ (Fig. 2). Quase a
metade dos municipios paulistas tém uma populacéo
menor que 10 mil habitantes e cercade 80% dos municipios
tém uma populacdo maior que 50 mil habitantes (Fig. 3).
Os municipios com maior populagdo concentram-se na
parteleste do Estado, especialmente naregi&o sudeste (Fig.
3a). A maioria dos municipios (70%) tem densidades
populacionais variando entre 10 e 100 hab.km’. Somente
6% tem umadensidade popul acional menor que 10 hab.km
? e somente 25% acimade 100 hab.km?(Fig. 4). Asmaiores
densidades populacionais foram observadas nos
municipios de maior populagdo e também se concentram
na regido sudeste do Estado (Fig. 3b). Finamente, a
maioria da populagdo concentra-se em centros urbanos.
Somente cerca de 20% dos municipios tém uma taxa de
urbanizacdo menor que 70%. Consegiientemente, 80% dos
municipios tém uma taxa de urbanizacdo acima de 70%,
sendo que em 32% dos municipios ataxa de urbanizagdo é
maior que 90% (Fig. 5). A taxa de urbanizacdo de todo o
Estado de S&o Paulo é de cerca de 93%
(www.seade.gov.br). Novamente, 0os municipios com
maiores taxas de urbanizacdo concentram-se na porcao
lestedo Estado, especialmente naregido sudeste (Fig. 3c).
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Figura 3a. Distribuig&o espacial do nimero de habitantes ao
longo do estado de S50 Paulo.

Figura 3b. Distribuicao espacial da densidade populacional ao longo
do estado de So Paulo.
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Figura 3c. Distribui¢&o espacial da taxa de urbanizag&o nos municipios
aolongo do estado de S5o Paulo.
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A percentagem de atendimento, ou seja, a
percentagem da popul agdo urbana que € servida com rede
de esgoto é bastante significativa (Fig. 6).
Aproximadamente 50% dos municipios do Estado tém um
nivel de atendimento acimade 90%, sendo que paratodo o
Estado, este € de aproximadamente 80%. Os municipios
com maiores niveis de atendimento concentram-se
particularmente naregido nordestedo Estado (Fig. 7a). Por
outro lado, em cercade 40% dos municipios do Estado néo
ha nenhum tratamento prévio do esgoto e, em quase 50%,
mais de 90% da carga de esgoto domeéstico € tratada (Fig.
8). Dos municipios que tratam 100% de seus esgotos
domeésticos, cerca de 70% sdo pequenos municipios com
uma populacdo menor que 10 mil habitantes (Fig. 9).
Somente 3% dos municipios com uma populagdo maior
gue 100 mil habitantes tratam integral mente seus esgotos.
Duas regifes do Estado se destacam quanto a percentagem
deesgototratado: aregido oesteearegido sul sudeste (Fig.
7b).

Em termosdevolume de esgoto, considerando-setodo
o0 Estado, sfo gerados quase cinco milhdesdem®, sendo que
somente a metade sofre algum tipo de tratamento. Em
funcdo da populagdo, o total potencial de carga poluidora
domiciliar do Estado de S&o Paulo é de 1,5 milhdes
kgDBO.dia". Dentre os municipios, somente 16% geram
umacargadomiciliar potencial menor que 100 kgDBO.dia
' (Fig. 10). Mais da metade dos municipios geram uma
cargaentre 100 e 1000 kgDBO.dia" e cerca de 30% geram
umacargaacimade 1000 kgDBO.dia". A cargadomiciliar
potencial concentra-se principamente na regido de maior
populagdo, uma vez que a sua estimativa é baseada
principalmente no niimero de habitantes (Fig. 7c). Como
cerca de 17% do total de volume de esgoto domeéstico do
Estado de S&o Paul o sofrealgum tipo detratamento, o total
dacargadomiciliar remanescentefoi cercade 1,24 milhdes
de kgDBO.dia', sendo que em cerca de 40% dos
municipios a carga remanescente foi menor que 100
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Figura 7b. Distribui¢ao espacial da porcentagemde
esgoto tratado nos municipios.
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Figura 7c. Distribuicéo espacial da carga poluidora
domiciliar potencial nosmunicipios
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kgDBO.dia" e em 38% variou de 101 a 1000 kgDBO.dia"
(Fig. 11). Cerca de 20% dos municipios possuem uma
carga acima de 1000 kgDBO.dia-1. Somente 30
municipios sdo responsaveis por cerca de 78% da carga
domiciliar remanescente em todo o Estado (Fig. 12). A
carga domiciliar remanescente leva em conta o percentual
de esgoto tratado. Como 0s municipios mais popul osos do
Estado tratam um baixo volume de seus esgotos, a carga
remanescente também concentra-se nos municipios mais
populosos, 0s quais concentram-se na regido leste do
Estado, especiamente préximos a cidade de Piracicaba e
ao longo do vale do rio Paraiba (Fig. 7d). Como a carga
equivalente de carbono é convertida por uma equagéo de
reta da carga domiciliar poluidora remanescente, a
freqiiéncia dos valores foi muito similar entre as mesmas
(Figs. 13 e 13a). Cerca de 90% dos municipios
apresentaram uma carga de carbono menor que 1000
kgC.dia". A carga equivalente de nitrogénio também teve
uma distribuicdo semelhante as outras duas cargas
discutidas anteriormente (Figs. 14 e 14a). Da mesma
forma, a grande maioria dos municipios teve carga menor
que1000kgN.dia’.

3.2. Asbaciashidrogréaficas

Os dados foram agrupados por bacias hidrograficas,
gue por sua vez foram selecionadas de acordo com o
interesse cientifico quetemos nessas bacias. A baciadorio
Piracicaba é a mais populosa, com aproximadamente 3,4
milhdes de habitantes e, a menos populosa, € a do
Paranapanema (Tab. 1). As bacias do Piracicaba, Mogi-
Guagu, Turvo e Peixe tém uma taxa de urbanizagdo acima
de90%, similar ado Estado de S&o Paulo. Enquanto as sub-
bacias do Alto Paranapanema - Apiai, Itapetininga,
Paranapanema e Taguari - tém as menores taxas de
urbanizacdo, variando de 64% a 82% (Tab. 1).
Intermediariamente, as bacias do Aguapei e Sdo José dos
Dourados, tém uma taxa de urbanizacdo de 89% e 85%,
respectivamente. A maior densidade demogréfica foi
observada na bacia do rio Piracicaba, 341 hab/kn,
correspondente acercade duasvezesadensidade médiado
Estado de S&o Paulo (Tab. 1) As densidades demogréficas
das bacias do Mogi, Peixe e Turvo foram cercade 3 vezes
menores que as da bacia do rio Piracicaba (Tab. 1). Os
restantes das bacias, especialmente as sub-bacias do Alto
Paranapanema (Tab. 1), tém densidades aindamenores que
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as do Piracicaba. O nivel de atendimento, ou sgja, o
percentual de residéncias servidos com rede coletora de
esgoto, assim como em todo o Estado (média de 80%), é
bastante el evado (Tab.1). O menor nivel deatendimento foi
observado nabaciadorio Taguari, com apenas 53%. Todas
as outras bacias tém um atendimento igual ou superior a
80%, com exce¢do dabaciado rio Apiai, com atendimento
de 75%. Por outro lado, aporcentagem de esgoto tratado &,
em modo geral, muito baixa, especialmente nas bacias
mais populosas, como a do Piracicaba e Mogi (Tab. 1).
Conseqguentemente, essefato, aliado ao elevado nimero de
habitantes, faz com que a carga domiciliar potencia sgja
préxima da remanescente e especia mente altanabaciado
Piraci caba, sendo seguidapelasbaciasdo Mogi edo Turvo
(Tab. 1). Seguem-se a essas bacias, as bacias dos rios do
Peixe e Aguapel e, com cargas bem menores, as demais
bacias(Tab.1).

A carga equivalente de carbono pode ser comparada
com a carga de carbono organico dissolvido do rio
principal de cada bacia em seu ponto mais a jusante
possivel. Com dados obtidos junto ao projeto
BIOTA/FAPESP (proc. 99/05279-4) e utilizando-se as
descargas médiasfornecidaspel o DAEE, foram calculadas
as cargas de carbono orgénico dissolvido no rio principal
(cargafluvial) das bacias em estudo (Tab. 1). Nas bacias
dos rios Piracicaba e Turvo, a carga domiciliar
remanescente ja atingiu cerca da metade da carga fluvial
(Tab.1). NasbaciasdosriosMogi, Peixe, Apiai e Taguari, a
carga domiciliar variou de 20% a 30% da carga fluvial
(Tab.1). Por outro lado, na bacia do rio Paranapanema a
carga domiciliar chegou somente a 2% da carga fluvia,
enquanto que nas bacias do Itapetininga, Aguapei e Sdo
José dos Dourados a carga domiciliar variou entre 10% e
15%dacargafluvial (Tab. 1).

Piracicaba  Mogi Turvo  Peixe  Aguapei SJDourados Itapetininga Apiai  Taguari Paranapanema ESP
NUmero de habitantes 3.406.561 1.283.114 869.857 791.262 587.425  206.056 179.568 145731 111.224 77.427 36.909.200
Populag&o Urbana 3.222.223 1167129 796.511 725402 523471  175.856 146.873 93216 73.685 54.468 34.472.706
Taxa de urbanizagdo 95 91 92 92 89 85 82 64 66 70 93
Area (km?) 11.538 13314 11497 12976 12235 5.785 3384 4424 2943 2.551 248.600
Densidade demogréfica (hab.km™) 341 96 84 110 74 61 58 34 38 31 148
Percentagem de esgoto tratado (%) 12 20 18 29 36 63 86 22 1 97 17
Cobertura da rede sanitéria (%) 84 96 93 80 84 80 81 75 53 80 80
Volume de esgoto gerado (m?.dia™) 384.818 200.681 145860 72760 53.335 25.315 21.473 12.635 10.621 7.878 4.979.884
Volume de esgoto tratado (m 3 dia 1) 37.825 32.070 20.817 16.780 15.392 12.797 14.838 2174 974 5.994 835.538
Carga poluidora domiciliar potencial (kgDBO.dia" 1) 134.493 60.204  40.108 21.828 15.555 7.595 6.442 3.790 3.186 2.363 1.493.965
Carga poluidora domiciliar remanescente (kgDBO.dia®) ~ 121.947 50584 34563 16.794  10.937 3.756 1.991 3138 28%4 565 1.243.304
Participacéo em relagdo ao Estado (%) 9.8 41 2.8 14 0.9 0.3 0.2 0.3 0.2 0.05 100.0
Carga equival ente remanescente de carbono (kgC.dia®) 49.023 20335 13824 6.751 4.397 1.510 800 1262 1163 227 366.796
Carga equivalente remanescente de N (kgN.dia™) 21.957 8.066 6.019  3.989 2.884 468 147 498 472 1 152.766
Descarga média no ponto mais ajusante dabacia (m®s?)  142.00 266.00 99.92 75.76 87.12 30.75 20.15 13.09 10.30 20.20
Carga COD no ponto mais ajusante da bacia (kgC.dia’) ~ 88.425 75.449 30548 31598  36.246 9.782 7.629 4067 3375 11.806
1QA no ponto mais ajusante da bacia 40 62 66 59 68 67 53 78

Tabela 1 Parametros agrupados por bacias hidrogr aficas abordadas nesse estudo. Dados de descarga foram obtidos junto & base de dados do DAEE
(www.daee.sp.govbr) e sio valores médios referentes as séries histéricas de cada ponto de medida. O IQA é o indice de qualidade de &gua para o ano
2000 estimado pela CETESB (www.cetesb.sp.govbr) e representa a média das coletas feitas pela CETESB nos meses de fevereiro, abril, junho, agosto,
outubro e dezembro. A carga de COD refere-se a carga de carbono organico dissolvido e foi obtida pelo produto da descarga média pela concentragio
média de COD obtida por Martinelli (dados ndo publicados) nos mesmos pontos em que foram medidas as descargas durante o ano de 2001 (coletas

mensais).

4., Discussao

4.1. Comparagdes com outras estimativas

Além das estimativas de carga poluidora domiciliar
feitasnesse estudo, duasoutrasestimativassimilaresforam
feitas pelo Sistema Integrado de Gerenciamento de
Recursos Hidricos do Estado de S&o Paulo (SIGRH),
baseando-se em informagGes obtidas nos Relatorios Zero
de cada Unidade Hidrogréfica de Gerenciamento de
Recursos Hidricos e na CETESB (Tab. 2). A estimativa
neste estudo foi realizada considerando-se a bacia
hidrogréfica, enquanto que, as duas estimativas citadas
anteriormente, consideraram as UnidadesHidrograficasde
Gerenciamento de Recursos Hidricos do Estado de S&o

Paulo (www.sigrh.sp.gov). Essas Unidades geralmente séo
maiores que as baciashidrogréficas. Assim, por exemplo, a
Unidade 5 engloba ndo somente a bacia do rio Piracicaba,
mas também as bacias dos rios Capivari e Jundiai. A
Unidade 15 engloba a bacia do rio Turvo e alguns outros
pequenos rios que desaguam no rio Grande. Enquanto
nesse estudo as bacias dosrios Itapetininga, Apiai, Taquari
e Paranapanema foram tratados separadamente, o SIGRH
considera todos esses rios como parte da Unidade 14,
denominada Alto Paranapanema. Em outras Unidades, a
areadabaciaéproximaouigua aareadaUnidade, como é
0 caso das bacias do Mogi, Peixe, Aguapei e Sdo José dos
Dourados. Nas quatro bacias citadas, as estimativas
potencial e remanescente foram similares entre as trés
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Potencial (KgDBO.dia?)

Este estudo SIGRH CETESB
Piracicaba 134.493 194.73 219.922
Mogi 60.204 58.49 63.636
Turvo 40.108 50.703 54.805
Peixe 21.828 18.723 20.029
Aguapef 15.554 15.076 16.086
SJDourados 7.594 9.273 9.818
Itapetininga 6.441
Apial 3.790
Taquari 3.186
Paranapanema 2.363
Estado de S&o Paulo 1.493.965 1.713.190 384.296

Remanescente (KgDBO.dia %)
Piracicaba 121.947 172.728 190.097
Mogi 50.584 52.376 52.957
Turvo 34.563 42.184 47.006
Peixe 16.794 13.481 14.280
Aguapei 10.937 9.482 9.098
SJDourados 3.756 4.044 5.274
Itapetininga 1.991
Apial 3.138
Taquari 2.894
Paranapanema 565
Estado de Sdo Paulo 1.243.303  1.290.582 318.712

Tabela 2 Comparagdo da carga poluidora domiciliar potencial e remanescente estimada nesse estudo, pelo Sstema Integrado de Gerenciamento
Hidrol 6gico da Secretaria de Recur sosHidricos do Estado de Sdo Paul o (www.sigrh.sp.govbr) epela CETESB (www.cetesh.br).

fontes de estimativa (Tab. 2). A maior diferenca foi
encontrada na bacia do rio S&o José dos Dourados, onde a
estimativa feita nesse estudo foi sempre menor que as
estimativas feitas pelo SIGRH e pela CETESB (Tab. 2).
Talvez essa diferenca sgja pela ndo inclusdo, nas nossas
estimativas, dos municipioslocalizados naregido noroeste
daUnidade, osquaisnao pertencem abaciahidrograficado
S&o José dos Dourados, mas sim & bacia do ribeirdo Ponte
Pensa. Em outras bacias, onde a érea da Unidade é maior
gue a area da bacia, as estimativas feitas nesse estudo
foram, obviamente, sempre menores que as estimativas
feitas pelas outras duas fontes (Tab. 2). Apesar de algumas
estimativas terem sido similares entre s, ndo foram
exatamente iguais (Tab. 2). Provavelmente, essas
diferengas estejam relacionadas, principalmente, ao
volume de esgoto que é efetivamente tratado, ao tamanho
da populagdo servida com rede de esgoto e, finamente, a
eficiénciaadotadaparacadatipo detratamento deesgoto.

A recém lancada Pesquisa Nacional de Saneamento
Bésico 2000, representa outra fonte de informagdes sobre
saneamento (www.ibge.gov.br). Dois parametros
importantes levantados por essa fonte foram o volume de
esgoto coletado pelarede e 0 volume de esgoto tratado em
cadamunicipio. Essasinformagdesforam obtidas por meio
de questionérios enviados as i nstitui¢des responsaveis por
€SSes Servicos nos municipios (www.ibge.gov.br). No
formul&rio denominado “bloco 05", item 05, encontra-se a
seguinte pergunta: “qual o volume de esgoto coletado pela
rede no distrito em m’.dia'?’. No “bloco 06", item 01
pergunta-se sobre aexisténciade tratamento de esgoto. Em
caso afirmativo, no item 02 encontra-se a seguinte
pergunta: “qual o volume de esgoto tratado no distrito em
m’.s'?’. Lembrando que a menor unidade territorial
utilizada pelo IBGE é o distrito e a soma de um ou mais

distritos formam o municipio. A estimativa do volume de
esgoto coletado feita nesse estudo foi semelhante aquela
feitapelo IBGE. Nesse estudo estimamosum total coletado
de 3.983.907 m’.dia’, sendo esse nimero obtido pelo
produto do total de esgoto gerado no Estado (4.979.884
m’.dia") pela percentagem média que € col etada no Estado
(80%) (Tab.1). A aestimativa do IBGE foi de 4.558.345
m’.dia’. Por outro lado, a estimativa de volume de esgoto
tratado, feitapelo IBGE, acancou cerca de 40% do esgoto
gerado, engquanto, nesse estudo, a percentual de esgoto
tratado no Estado ndo passou de 17%. Torna-se dificil
explicar essa discrepéncia. Como nosso dado sobre
percentual de esgoto tratado refere-se ao ano de 1997 e o
levantamento do IBGE refere-se ao ano 2000,
provavel mente houve uma melhora muito significativano
volumedeesgoto tratado no Estado de S&o Paul o, passando
de 17% para 40% em apenas 3 anos. Por outro lado, basta
um municipio popul 0so super estimar o volume de esgoto
tratado para aumentar de maneira desproporcional o
volume de esgoto tratado. Por exemplo, para o municipio
de S&o Paulo, o mais populoso do Estado, adotamos um
percentual de tratamento de esgoto de 10%, enquanto no
levantamento feito pelo IBGE, comparando-se o volume
de esgoto coletado e tratado, chega-se a um percentual de
tratamento préximo a65% (www.ibge.gov.br).

4.2. Os municipios mais poluidores do Estado de
SAo Paulo

Apesar da preocupacdo histérica do governo paulista
com saneamento bésico, chegamos ao século XXI com
graves problemas. Por um lado, praticamente 76% de todo
esgoto domiciliar gerado no Estado é recolhido por redes
deesgoto. Por outro lado, somente cercade 17% do volume
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gerado no Estado sofre algum tipo de tratamento.
Considerando-se a populacdo total de cada municipio
(rural + urbana), o percentual de esgoto tratado cai para
15%. Como uma pequena parte do esgoto produzido é
tratado, acargapol uidoraremanescente é préximadacarga
poluidora potencial e ambas sdo uma funcdo direta do
nimero de habitantes que vivem principamente nos
grandes centros urbanos. Assim, ndo é surpreendente que
somente 30 municipios (Fig. 12), os quais congregam 58%
dapopulagéo do Estado, séo responsaveispor cercade 70%
da carga domiciliar poluidora remanescente. Somente a
regido da Grande S&o Paulo congrega nove municipios,
responsaveis por 48% da carga remanescente de todo o
Estado. Uma segunda regido preocupante € a Unidade
Hidrogréfica de Gerenciamento Piracicaba, Capivari e
Jundiai, onde est&o sete dos 30 muni cipios mais poluidores
do Estado. Desses 30 municipios, a menor populacéo
encontra-se em Itu com cerca de 135.000 habitantes e a
maior em S&o0 Paulo, em torno de 10 milhfes de habitantes.
No entanto, a maioria dos municipios (60%) tem uma
populagdo menor que 320 mil habitantes e 80% tém uma
populacdo menor que 500 mil habitantes. E interessante
notar que os municipios mais poluidores se congregam ou
a0 redor do municipio de Sdo Paulo ou ao longo de uma
importante rodoviado Estado. Por exemplo, os municipios
de Jacarei, S&0 José dos Campos e Taubaté situam-se ao
longo da BR-116, ou via Dutra. JA os municipios de
Campinas, Hortolandia, Santa Barbara d'Oeste, Limeirae
Ribeiréo Preto ficam na regido da Rodovia Anhanguera.
Ao longo da Rodovia Washington Luis situam-se os
municipios de Rio Claro, Sdo Carlos, Araraguara e Sdo
José do Rio Preto. Finalmente, Bauru e Aragatuba situam-
se a0 longo da Rodovia Marecha Rondon. Outra
caracteristicainteressante desse conjunto de municipios, é
que 0S MesmMos S30 responsaveis por quase 80% do ICM St
arrecadado em 1999 gerado pelo Estado de S&o Paulo. Dos
30 municipios, 23 foram classificados pelo IPRS de 1997
(indice Paulista de Responsabilidade Social) indice
composto apartir deindicadores deriqueza, longevidade e
escolaridade (efinicdo dada pelo SEADE:
www.seade.gov.br). Nos municipios pertencentes ao
Grupo 1, denominados “municipios-pélo”’. Nestes, a
longevidade média é ligeiramente superior a média do
Estado e os niveis médios de riqueza e escolaridade sdo
superiores aos estaduais. Em todo o Estado, 83 municipios
foram classificados dessaforma, sendo que desse total, 23
s80 0s maiores poluidores. Portanto, apesar de serem
considerados “desenvolvidos’ pelos 6rgéos estaduais, o
saneamento basico nesses municipios ainda é realmente
precario; talvez porgue saneamento basico ndo faca parte
da definicdo de “desenvolvimento”. O fato de termos
encontrado uma correlagdo altamente significativa entre a
carga poluidora domiciliar remanescente e o ICMS dos

municipios (r = 0.80, P<0,01) etambém entre o volume de
esgoto ndo tratado e 0 mesmo ICMS (r = 0,80, P<0,01),
atestaque ariquezageradanao € deformaalgumaaplicada
em saneamento. Dos 30 municipios considerados nessa
analise, 25 deles (cerca de 85%) tratam menos de 5% do
volumedo esgoto quegeram.

4.3. A carga de esgoto e processos biogeoquimicos

Vé&rios estudos tém demonstrado que existem
correlagbes significativas entre 0 uso do solo e a
composicdo quimica dos rios (Peierls et a., 1991;
Hunsaker & Levine, 1995; Puckett, 1995; Howarth et .,
1996 e Allan et al., 1997), e mesmo entre 0 uso do solo e
componentes bidticos (Allan & Flecker, 1993; Richards et
al., 1996 e Ometto et al., 2000). Nos estudos realizados em
paises mais desenvolvidos, as correlagbes mais
significativas foram estabelecidas entre, por exemplo, o
tamanho das &reas cultivadas de umadeterminadabaciae a
composicao quimica dos rios (Jordan et al., 1997). Por
outro lado, no nosso meio, onde a maioria do esgoto
doméstico ndo étratado, as correlagdes mais significativas
foram encontradas entre a area urbanizada da bacia ou a
cargade DBO, e acomposi ¢do quimicadosrios (Ometto et
al., 2000; Krusche et a., no prelo e Daniel et a., 2002).
Essas correlagfes sdo importantes, uma vez que atestam
gue eventos ocorridos nas bacias de drenagem afetam
diretamente osrios. Baseando-se nessa premissa, testamos
correlacBes (correlagdo de Pearson) entre indicadores de
poluic&o, como a percentagem de esgoto tratado, o volume
de esgoto ndo tratado e a carga poluidora domiciliar
remanescente, e também a media do Indice de Qualidade
de Agua (IQA) para o ano 2000 dos pontos mais a jusante
de cada bacia estudada (www.cetesb.sp.gov.br) (Tab. 1).
Houve uma correlacdo direta entre o percentual de esgoto
tratadoeo QA (r =0,76, P<0,01), ou sgja, quanto maior o
volume de esgoto que é tratado, melhor é a qualidade da
agua avdiada pelo 1QA. Por outro lado, houve uma
correlagdo inversaentre o volume de esgoto ndo tratado e o
IQA (r =-0,72, P<0,01). Conforme aumenta o volume de
esgoto sem tratamento, hd um decréscimo naqualidade da
agua. O mesmo tipo de correlagdo inversa foi encontrado
entre acargapoluidoradomiciliar remanescentee o 1QA (r
=-0,73**). Portanto, com o0 aumento da cargade esgoto ha
uma progressiva deterioragdo da qualidade de agua. A
significancia dessas correlacbes ndo deixa de ser
surpreendente, considerando-se que o IQA é um indice
obtido apartir denove parémetrosrel acionadosaqualidade
de &gua, com énfase em abastecimento publico, e as
limitacbes das nossas estimativas (ver item Incertezas
associadas as estimativas). Uma vez demonstrado que os
lancamentos de esgoto nos rios do Estado de S&o Paulo
afetam diretamente a qualidade de agua, no préximo

! - Imposto sobre Circulagio de Mercadorias e Servicos - Tributo estadual incidente nas operaces de circulagio de
mercadorias e sobre as prestacdes de servigos de transporte interestadual e intermunicipal, nas comunicacdes e na
distribuicéo de energiael étrica, inclusive quando estas operacOes e prestaces de servigo seiniciem no exterior. Definicdo

dadapel o SEADE www.seade.gov.br
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paragrafo serdo discutidos processos ou parametros
especificosque podem ser alterados por essaatividade.

Em termos biol gicos, a carga de esgoto langada nos
rios significa uma entrada extra de matéria organica que
passa a ser prontamente decomposta. No processo dessa
decomposi¢cdo a distribuicdo de elementos-chave como
carbono enitrogénio sdo total mente alterados (Martinelli et
al., 1999a; Ometto et a., 2000; Daniel et a., 2002). Na
baciado rio Piracicabaadistribuicdo de varios nutrientese
suas diferentes formas foram sensivelmente modificadas
pela carga de esgoto. Os corpos hidricos mais afetados
foram os pequenos rios que recebem grande parte da carga
de esgoto (Daniel et a., 2002). Por exemplo, a
concentracdo média de carbono organico dissolvido no
ribeirdo do Tatu chegou a 47,7 mg/L e no ribeirdo do
Enxofre a 21,2 mg/L. Essas sdo concentragtes altissimas
guando comparadas com as concentracdes encontradas em
riachos que ndo recebem carga de esgoto (2 a 3 mg/L)
(Danidl et al., 2002). Nosriosde maior porte, 0 aumento na
concentracdo de carbono orgénico dissolvido (COD) néo
foi tdo elevado nos trechos mais poluidos. Mas mesmo
assim, aconcentracdo média de COD no rio Piracicabana
cidade demesmo nomefoi de 5,0 mg/L contra2,7 mg/L no
rio Atibaiaem local préximo de suas cabeceiras (Daniel et
al., 2002). Esse aumento abrupto na concentracdo de
carbono |evaconseqiientemente aum aumento nastaxasde
respiracdo, com consequente consumo de oxigénio
dissolvido e liberagdo de carbono inorgénico dissolvido
(Ballester et al., 1999). A concentracdo média de CID no
ribeirdo do enxofre chegou aquase 165 mg/L contral5a20
mg/L nos locais menos poluidos (Danidl et a., 2002). No
rio Piracicaba, no seu trecho mais poluido, essa
concentracdo chegou a 35 mg/L contra 15 mg/L, valor
observado nos trechos menos poluidos do rio Atibaia
(Ballester et al., 1999). As implicagdes do decréscimo da
concentracdo de oxigénio dissolvido na sobrevivéncia de
organismos aquéticos sdo amplamente conhecidas
(Ometto et al., 2000). Nos trechos mais poluidos dos
ribeirBes e rios, a concentragdo média oscilou entre 2 a 3
mg/L, sendo que no periodo de estiagem aconcentracéo de
oxigénio dissolvido freqlientemente caia a zero (Daniel et
al., 2002). Como conseqiéncia, nostrechos mais poluidos,
predomina na maior parte do tempo, condi¢des de
anaerobiose, enquanto nos rios menos poluidos a matéria
organicaédecompostanapresencade oxigénio (Martinglli
et a., 1999b). Além da ateragdo na concentracdo de
oxigénio dissolvido, as variagbes na concentracdo desse
elemento com a hidrégrafa também foram evidentes. Nos
rios que ndo recebem carga significativa de esgoto, as
maiores concentragdes sdo observadas no periodo de
estiagem, quando o aporte de sedimentos € menor e a
penetracdo deluz e produtividade primériasido maiores. Na
época de cheia, com 0 maior aporte de sdlidos aos rios, a
entrada de luz decresce, seguido do decréscimo na
produtividade. Conseqlientemente, a concentracdo de
oxigénio dissolvido também decresce. Por outro lado, nos
rios que recebem uma carga el evada de esgoto, durante a
estiagem a quantidade de &gua para diluicdo do esgoto &

menor, conseqlientemente mais oxigénio € consumido
durante 0 processo de decomposi¢do, com conseqlente
decréscimo nasuaconcentracgo. Naépocacheia, apesar da
cargamaior de sdlidos, ha uma quantidade maior de dgua
disponivel para diluicdo da carga de esgoto,
consegiientemente, a concentracdo de oxigénio dissolvido
sobe.

Por ser um nutriente altamente limitante, alteracdesna
distribuicdo e concentracéo de nitrogénio tém implicaces
importantes nadistribui¢do dos organi smos aquaticos. Nos
trechos mais poluidos dos rios da bacia do Piracicaba foi
detectado um aumento nasvariasformasdo nitrogénio. Na
forma inorgénica, apesar de a concentragdo de nitrato
também aumentar, os maiores aumentos foram observados
na concentragdo de amoénio, gque entra nos rios carreado
pelo esgoto urbano (Martinelli et al., 1999a). Como nos
trechos mais poluidos a concentracdo de oxigénio
dissolvido é muito baixa, ndo ha oxidagdo do aménio para
nitrato, propiciando o acimulo de aménio no meio. Na
forma particulada, foi também notado um sensivel
aumento na propor¢do relativa de nitrogénio no material
em suspensdo hos rios mais poluidos da bacia do rio
Piracicaba(Kruscheetal., noprelo).

Além de carbono, o esgoto urbano é
reconhecidamentefonte de patdgenos (Higuti et al., 1998 e
Donnison & Ross, 1999), drogas(Ternes, 1998eOnoet al.,
2000) e metais pesados (Sanudo-Wilhelmy & Gill, 1999).
Cabe ressaltar que as concentragtes de cadmio e chumbo
foram sensivelmente mais elevadas nos tecidos de
mol uscos capturadosnosrios Piracicabae M ogi-Guagu em
comparacdo as concentracbes medidas em espécimens
provenientes de uma &rea controle, livre de contaminacdo
(Tomazelli etal., noprelo).

5. Conclusbes

Somente cerca de 17% do esgoto domeéstico que é
produzido no Estado de S&o Paul o étratado, o restante €, na
maioria dasvezes, lancado nosrios sem tratamento prévio.
Mediante esse quadro, ndo deixa de ser surpreendente o
fato de 65% dos pontos onde foram medidos o 1QA,
possuirem qualidade da agua boa para abastecimento
publico, em 17% dos pontos a qualidade foi considerada
Gtima e, en 11% foi considerada aceitavel, segundo o
Relatério de Qualidade das Aguas I nteriores do Estado de
Sd0 Paulo ano 2000, produzido pela CETESB
(www.cetesh.com.br). Por outro lado, em somente 6% dos
postos, a aguafoi considerada ruim e em somente 1% foi
considerada péssima. As piores condi¢gdes foram
encontradasnaregido daGrande S&o Paulo enasbaciasdos
rios Piracicaba, Capivari e Jundiai. As provaveis causas
desse aparente paradoxo sdo: (i) a concentracdo das
populacBes em determinadas dreas do Estado, como ja
discutido anteriormente; (ii) o poder de depuragéo dosrios,
gue ainda foi pouco avaliado em nosso Estado e,
finalmente, (iii) a maioria dos langamentos de esgoto no
Estado ndo acontece nos rios de porte médio, onde se
concentraamaioria das medidasfeitas pela CETESB, mas
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sim em ribeirBes, que na maioria das vezes ndo sdo
monitorados, mas sdo muito afetados pela carga de esgoto
(Danid etal., 2002).

Caso a combinacdo de dois fatores (crescimento
populacional e falta de tratamento de esgoto) persista, no
futuro vamos assistir a um agravamento progressivo das
condicdes de nossos rios e provavel mente a seguinte meta
proposta pelo Estado ndo sera atingida. "O ambiente
salubre, indispensavel asegurancasanitdriaeamelhoriada
qualidade de vida, édireito detodos, impondo-se ao Poder
Publico e a coletividade o dever de assegura-lo”
(www.recursoshidricos.sp.gov.br).
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Abstract — The occurrence of ephyrae of the scyphozoan orders Semaeostomeae and Rhizostomeae is reported for
the first time for the Brazilian coast. The specimens, caught in plankton tows in the Sdo Sebastido Channel and the
Cananéialagoon estuarine system, are: Chrysaora lactea (Semaeostomeae), Phyllorhiza punctata (Rhizostomeae), and

an unidentified species of Pelagia (Semaeostomeae). A table with all species of scyphozoan with the known lifecycleis
provided.

Palavras-chave: Scyphozoa, Semaeostomeae, Rhizostomeae, ephyra, life cycle, Brazl.

Resumo — A ocorréncia de éfiras de cifozoarios das ordens Semaeostomeae e Rhizostomeae € registrada pela
primeiravez para a costa brasileira. Os espécimes, coletados com arrastos de plancton no Canal de S&o Sebastido e no
Sistema estuarino-lagunar de Cananéia, sdo: Chrysaora lactea (Semaeostomeae), Phyllorhiza punctata (Rhizostomeae),

€ uma espéci e ndo i dentificada de Pelagia (Semaeostomeae). Umatabela, com todas as espécies de cifozoérios com ciclo
de vida conhecido, € apresentada.

Palavras-chave: Scyphozoa, Semaeostomeae, Rhizostomeae, éfira, ciclo de vida, Brasil.
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Introduction

The class Scyphozoa is defined, besides other fea-
tures, by the process of strobilation (Schuchert, 1993), i.e.
successive vegetative (asexual reproduction) cutting-off of
asequence of new individuals (ephyrae) from one end of a
parent benthic polyp (scyphistomae) (Mianzan & Cornelius,
1999: 525, the text in parenthesis was added). These disks
(ephyrae) are the young (immature) free-swimming stages
of the scyphozoans (Stachowitsch, 1992). Strobilation can
be divided into monodisc (one disc produced at a certain
time) or polydisc (more than one disc produced at a certain
time) (Arai, 1997).

In the life cycle of Stylocoronella riedli and S.
variabilis (membersof the order Stauromedusae), theinter-
stitial polyp metamorphosesinto amedusa (see Kikinger &
Salvini-Plawen, 1995), thus not presenting an ephyrastage.
Callins (2002) proposed that the Stauromedusae be sepa-
rated from the other Scyphozoa, due to the absence of the
strobilation process and, consequently, not producing
ephyrae. The absence of strobilation and ephyrae, plusthe
presence of a claustrum led several authors to the conclu-
sion that the Stauromedusae are closely related to the class
Cubozoa (cf. Haeckel, 1880; Uchida, 1929; one topology
found by Collins, 2002).

Some scyphomedusae present aholopelagiclifecycle
(absence of the polyp stage, and thus, of strobilation), e.g.,
the semaeostome Pelagia noctiluca (see Rottini Sandrini
& Avian, 1983) and the coronate Periphylla periphylla (see
Jarmset al., 1999).

Besides the general morphological similarity of the
ephyra stage of most species, which makes their specific
identification difficult, there are few life cycle studies of
Scyphozoa, that include detailed accounts of this plank-
tonic stage, to rely on. Out of ca. 200 species of scyphozo-
ans (Mianzan & Cornelius, 1999), only about 42 species
(almost a quarter of those known) had their life cycles de-
scribed (see Table 1 in Results and Discussion). Russell
(1970) provided acomparative plate of the ephyrastages of
the British species. Even among the works devoted to the
lifecycleof scyphozoan species, only afew [e.g., Silveira&
Morandini (1997) and Jarms (2001), for Coronatae; Avian
(1986) and Pitt (2000), for Rhizostomeae; Calder (1972) and
Gershwin & Collins (2002), for Semaeostomeage] included
descriptions of ephyrae. For some species, information con-
cerning life cycle stages is scattered throughout the litera-
ture, included in systematic or faunistc reports among de-
scriptions of other species, or referring to one or another
stage only.

None of the 23 scyphozoansrecorded for Brazil (see
Migotto et al., 2002) refer to ephyrae collected in nature.
Despitetheir efforts, Silveira& Morandini (1998) could not
find the ephyra and medusa of the coronate Linuche

unguiculata, a species associated with a calcareous sub-
strate and abundant in the region of S&o Sebastido. Goy
(1979) mentioned the presence of young specimens of
Chrysaora lactea (as C. hysoscella) on the coast of Uru-
guay, and young Aurelia aurita on the coast of Bahia State
(Brazil).

This work reports and describes three different
ephyrae found on the southeastern coast of Brazil. A table
covering the knowledge from literature and our own experi-
encesin life cycles of Scyphozoa (except Stauromedusae)
is provided.

Material and M ethods

Specimens came from two localities on the coast of
Séo Paulo State, southeastern Brazil: the S&o Sebastido
Channel (23°S —45°W) (SSC) and the Cananéialagoon es-
tuarine system (25°S—48°W) (CES) (seeFigure 1).

Inthe SSC, two ephyraewere collected with vertical
plankton tows (300 and 500 pm mesh sizes, maximum depth
40 m) in August and October 1999, and reared in thelabora-
tory until the first signs of gonadal tissue were detected.
The ephyrae were isolated in glass containers filled with
filtered seawater (changed daily) and kept in a constant
temperature chamber at 20-21°C. The medusae werefed daily
with Artemia sp. nauplii, besides other planktonic organ-
isms (especially copepods) and small pieces of muscle and
gonads of mussels (Perna perna).

In the CES, ephyrae were collected with horizontal
(0.5 m below surface) and vertical (maximum depth 12 m)
plankton tows (500 and 200 pm mesh sizes) in April 2001,
and January and February 2002. The ephyrae were trans-
ferred to culture dishes, kept in aconstant temperature cham-
ber at 22°C and reared asdescribed by Jarmset al. (in press).
Mature medusae of Chrysaora |lactea collected at CES and
rearedin“ planktonkreisel” (according to Greve, 1968) pro-
duced planulae that settled on the “planktonkreisel” walls
and originated scyphistomae; these were transferred to cul -
ture dishes, there producing ephyrae.

Fixed and live specimens were photographed under
astereomicroscope; the live oneswererelaxed in amixture
of 1:1 of seawater and 7.5% MgCl, solution before being
photographed. When the specimens from the SSC attained
asizelarger than 15 mmin diameter they were also periodi-
cally photographed, without being anaesthetized, in an
aguarium using a35mm cameraand aflashgun.
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Class Order Species Reference
SCYPHOZOA CORONATAE Atorella japonica Kawaguti & Matsuno 1981
Atorella vanhoeffeni Werner 1966
Linuche unguiculata Ortiz-Corp’s et al. 1987
Nausithoe aurea Silveira & Morandini 1997
Nausithoe eumedusoides Werner 1974
Nausithoe globifera Jarms 1997
Nausithoe hagenbecki Jarms 2001
Nausithoe maculata Jarms 1990
Nausithoe marginata Jarms 1990
Nausithoe planulophora Werner & Hentschel 1983
Nausithoe punctata Werner 1979
Nausithoe racemosa Komai & Tokuoka 1939
Nausithoe thieli Jarms 1990
Nausithoe werneri Jarms 1990
Periphylla periphylla Jarms et al. 1999
Thecoscyphus zibrowii Sétje & Jarms 1999
SEMAEOSTOMEAE Aurelia aurita Lucas 2001
Aurelia labiata Gershwin 2001
Chrysaora achlyos *Gershwin & Collins 2002
Chrysaora colorata Gershwin & Collins 2002
Chrysaora fuscescens *Gershwin & Collins 2002
Chrysaora hysoscella *Delap 1901
Chrysaora melanaster Kakinuma 1967
Chrysaora quinquecirrha Littleford 1939; Calder 1972
Cyanea capillata *Grondahl 1988
Cyanea lamarckii *Grondahl 1988
Pelagia noctiluca Goette 1893; Russell 1970
Phacellophora camischatica *Wrobel & Mills 1998 (picture of
the polyp stage, p.22)
Sanderia malayensis Uchida & Sugiura 1978
Stygiomedusa fabulosa Russel & Rees 1960
RHIZOSTOMEAE  Cassiopea andromeda Gohar & Eisawy 1960
Cassiopea xamachana Bigelow 1900
Catostylus mosaicus Pitt 2000
Cephea cephea *Sugiura 1966
Cotylorhiza tuberculata Kikinger 1992
Mastigias papua Uchida 1926
Phyllorhiza punctata Lange & Kaiser 1995
Rhizostoma pulmo *Paspaleff 1938
Rhopilema esculenta Ding & Chen 1981
Rhopilema nomadica Lotan et al. 1992
Rhopilema verrilli Calder 1973
Stomolophus meleagris Calder 1982

Table 1. Scyphozoan species with known life cycles (except Stauromedusae), adapted from several sources. The most recent references or
those with the most complete description regarding their life cycle were included. A reference which mentions one or another stage was
included and marked with an “*” .

http://www.bi otaneotropica.org.br


http://www.biotaneotropica.org.br
http://www.biotaneotropica.org.br

Tronolone,V. B.; Morandini, A. C.; Migotto, A. E. - Biota Neotropica, v2 (n2) - BN02102022002

T
i oo SSC
s ™
lhade -
Canandia - 5 jegsi

'\lnrrn I‘-B

5, Judu

lhabela

Piada
Trimcheira
H“l du I.llnl Ii
Frapanidd & E

adde Perigo g T

A5"2SW AET1ETW

CES

Tha iy 7 srdosas

Figure 1. Map showing the collecting areas: CES = Cananéia lagoon estuarine system; SSC = Sdo Sebastido Channel; 1= Centro de
Biologia Marinha laboratory (CEBIMar-USP); A= collection of Chrysaora lactea (23°49.89S-045°25.36W); B= collection of Pelagia

(23°44.85S-045°20.92W); C = collection of Phyllorhiza punctata.
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Resultsand Discussion

Known lifecycle

A review of scyphozoan literature was performed to
build up alist with all scyphozoan species (except for the
order Stauromedusae) inwhich thelifecycleisknown. This
list is presented here as Table 1. We tried to provide the
most complete or the most recent reference for each spe-
cies. But, for some of them thereislittleinformation onlife
cycle stages, and we decided to include references which
mentioned one or another stage (these are marked with a
“*" in the table). As mentioned in the Introduction, life
cycles have been described of only about 42 species, this
means almost a quarter of the known scyphozoan species.
The order with more species with known life cycles is
Coronatae (16 spp.), followed by Semaeostomeae (14 spp.),
thelast being Rhizostomeae (12 spp.).

Order Rhizostomeae
Phyllorhiza punctata von Lendenfeld, 1834

Seven specimens (Figure 2), found in the waters of
CES (salinity 20-24%o; temperature 28°C) measuring 1.5-2.5
mm in diameter when collected, were reared for 54 days.
Their tissues were filled with zooxanthellae, and they pre-
sented 8 lobes with rounded lappets and 4 gastric filaments;
some specimens had small warts on the exumbrella. By the
7" day (Figure 3), the marginal lappets started to grow be-
tween the lobes, and the manubrium became more elon-
gated. By the 10" day the oral arms showed thefirst signs of
oral tentacles and began to bifurcate. On the 40" day the
mouth closed and the exumbrellar warts were more con-
Spicuous.

These ephyrae were identified as Phyllorhiza
punctata by the presence of zooxanthellae and the white
wartson the exumbrella. In the same period that the studied
specimens were found, large medusae were also present in
the area. Ephyrae obtained from laboratory cultures mea-
sured 1.5 mm when detached from the scyphistomae, sug-
gesting that the specimens collected in the plankton tows
had been newly released. Although recent articles (Garcia,
1990; Rippingale & Kelly, 1995) mention the occurrence of
the ephyrae stage of P. punctata, until now thereis no mor-
phological description of it intheliterature. D’ Ambraet al.
(2001) commented on the flow and prey capture of young P.
punctata (1.4-7.4 cmindiameter).

Order Semaeostomeae
Chrysaora lactea Eschscholtz, 1829
One ephyra (Figure 4a) wasfound in SSC (salinity:
34%o; temperature 20.8°C), and reared for 38 days. When
collected it had atransparent body, was 1.2 mm in diameter,
had amanubrium with red pigment spots, pointed lappets (3

|appetswere probably damaged during collecting, regener-
ated during the first week), and nematocyst clusters at the
base of each marginal lappet (i.e., inthetypical Chrysaora-
pattern, cf. Russell, 1970; Gershwin & Collins, 2002). From
days 10-19 the beginning of the 8 marginal tentacles were
noted, and from days 20-29 the pigmentation of the manu-
brium became paleand smaller (Figure5). From days 30-37,
5-9 gastric filaments were observed in each quadrant. At
the 38" day the young medusa reached a diameter of 2 cm
and the manubrium alength of 4 cm (Figure 6). At thisstage,
secondary tentacle buds were observed growing from be-
low thelappets (Figure 7), totaling 24 tentacles.

The number of tentacles and the nematocyst clus-
ters arranged in a pattern are diagnostic characters of
Chrysaora; as the only species of the genus that occurs on
the Brazilian coast is Chrysaora lactea, the specimen is
identified as that. With this, secondary tentacles arising
below the marginal |appets are diagnostic characters of C.
lactea. The ephyrae obtained in thelaboratory from mature
medusae of C. lactea collected at CES wereidentical to the
nature-collected specimen, except for the lack of pigmenta
tion (Figure 4b). Calder (1972) noted that ephyra of C.
quinquecirrha obtained from scyphistomae raised in the
|aboratory had no pigmentation. Little information on the
biology of the speciesexists. Mianzan (1989a, 1989b) men-
tioned that some ephyrae of C. lactea were collected in
plankton tows along the Argentinean coast.

Pelagia Péron & Lesueur, 1810

One ephyra (Figure 8), found in the waters of SSC
(salinity: 34-36%o; temperature: 20.5°C), had adiameter of
2.4 mm when collected. It was reared for 76 days. In the
|aboratory, from days 1-19, it acquired 2 gastric filaments, 4
milky spots on the stomach, red pigment on the manubrium
and nematocyst clustersaround the central disk. From days
20-39, 2 marginal tentaclesand 4-5 gastric filamentson each
quadrant devel oped, the manubrium attained alength of 4.3
mm, and warts on the umbrella and manubrium (Figure 9)
werevisible; at the same time the milky spots on the stom-
ach disappeared. From days 40-70 many gastric filaments
(upto 10 in each quadrant) were observed in each quadrant,
the number of warts increasing. On the 76" day, the young
medusa was 3 cm in diameter, the manubrium was 5.3 cm
long, there were 8 tentacles and the beginning of the go-
nads was noted.

Thelong rearing period (compared to the Chrysaora
ephyra) and the appearance of gonadal tissue indicate that
the specimen had achieved the maximum number of ten-
tacles (totaling 8). The presence of 8 marginal tentaclesis
diagnostic for the genus Pelagia. Nevertheless, specific
identification was hindered due to the small size of the me-
dusa. For the Brazilian coast, the species Pelagia noctiluca
(Forskal, 1775) is reported off the Pernambuco and Santa
Catarinastates (Migotto et al., 2002).
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Figure 2. Oral view of ephyra of Phyllorhiza punctata von Lendenfeld, 1884, collected in the Cananéia lagoon estuarine system in
January 2002, two days after collecting. Note the zooxanthellae and rounded lappets. Scale bar = 1 mm.
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Figure 3. Oral view of ephyra of Phyllorhiza punctata von Lendenfeld, 1884, collected in the Cananéia lagoon estuarine system in April
2001, seven days after collecting. Note the zooxanthellae, the beginning of lappet formation and the exumbrellar warts. Scale bar = 1 mm
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Figure 4. A. Oral view of ephyra of Chrysaora lactea Eschscholtz, 1829, collected in the So Sebastido Channel in August 1999, two days
after collecting. Note the red pigment on the manubrium, the nematocyst clusters (arrows) and the pointed lappets. Scale bar = 1 mm. B.
Oral view of just released ephyra of Chrysaora lactea Eschscholtz, 1829, from laboratory cultures. Note the absence of pigmentation, and
the nematocyst clusters (arrows). Scale bar = 1 mm
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Figure 4. A. Oral view of ephyra of Chrysaora lactea Eschscholtz, 1829, collected in the S0 Sebastido Channel in August 1999, two days
after collecting. Note the red pigment on the manubrium, the nematocyst clusters (arrows) and the pointed lappets. Scale bar = 1 mm. B.
Oral view of just released ephyra of Chrysaora lactea Eschscholtz, 1829, from laboratory cultures. Note the absence of pigmentation, and

the nematocyst clusters (arrows). Scale bar = 1 mm
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Figure5. Oral view of ephyraof Chrysaora lactea Eschscholtz, 1829, collected in the Sdo Sebastido Channel in August
1999, 26 days after collecting. Note the absence of red pigment on the manubrium and the already developed primary
tentacles. Scale bar =2 mm.
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Figure 6. Lateral view of young medusa of Chrysaora lactea Eschscholtz, 1829, collected in the Sdo Sebastido Channel in August 1999, 32
days after collecting. Note the elongated manubrium, , there was food in the manubrium and stomach. Scale bar = 1 cm.
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Figure 7. Detail of umbrella margin of preserved young medusa of Chrysaora lactea Eschscholtz, 1829, collected in the SGo Sebastido
Channel in August 1999, 38 days after collecting. Note the small secondary tentacles arising from below the marginal lappets (arrows).
Scale bar = 2.5 mm.
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Figure 8. Lateral view of ephyra, upstroke, of Pelagia Péron & Lesueur, 1810, collected in the Sdo Sebastido Channel in October 1999,
nine days after collecting. Note pointed lappets. Scale bar = 2 mm.
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Figure 9. Lateral view of a young medusa of Pelagia Péron & Lesueur, 1810, collected in the Sdo Sebastido Channel in October 1999, 35
days after collecting. Note the warts on the umbrella and manubrium. Scale bar = 3 mm.
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Figure 10. Lateral view of a young medusa of Pelagia Péron & Lesueur, 1810, sampled in the Sdo Sebastido Channel in October 1999, 71
days after collecting. Note the elongated manubrium. Scale bar = 2 cm.
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Abstract

Stephanocyphistomae of Nausithoe aurea from S&o Paulo State, Brazil (in subtropical western South Atlantic wa-
ters), wererelocated with their substratain nature to study their survivorship under control and and experimental series—
i.e. the polypsin the original orientation and inverted, and in each series exposed and buried polyps. We found that N.
aurea survives over 13 months in nature, between 1/3 — 1/4 of 268 stephanoscyphistomae as normal feeding polyps, by
segmentation produces planuloids and rejuvenates the polyps — an additional explanation for clustering of the solitary
stephanocyphistomae. Dormant living tissues within the periderm of the tube were considered resting stages. The results
support the concept that coronates in general have the capacity to save al living tissue and transform it to the energy
saving sessile stage — the perennial polyp.

Key-words. Cnidaria, Scyphozoa, Nausithoe aurea, perennation, resting stages, Brazil.

Resumo

Estefanocifistomas de Nausithoe aurea no Estado de S&o Paulo, Brasil (em aguas subtropicais do Atlantico Sul
ocidental), foram real ocados com 0s seus substratos na natureza para estudar a sobrevivéncia em séries controle e experi-
mental — isto €, os pdlipos naposicao original einvertidos e em cada série pdlipos expostos e enterrados. Verificamos que
N. aurea sobrevive por 13 meses nanatureza, entre 1/3 — 1/4 de 268 estefanocifistomas como pdlipos normais capazes de
alimentac&o, por segmentacdo produz planuldides e rejuvenesce o0 pdlipo — uma explicagdo adiciona paraa ocorréncia
agregada dos estefanocifistomas solitérios. Tecidos vivos dormentes dentro da periderme do tubo foram considerados
como estagios de quietacdo. Os resultados reforcam aidéia de que os coronados em geral tém a capacidade de conservar
todo o tecido vivo e de transformé-lo durante o estagio séssil mais econdmico energeticamente — o pélipo perene.

Palavras-chave: Cnidaria, Scyphozoa, Nausithoe aurea, perenizacdo, estagios de quietacéo, Brasil.
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Introduction

At present thelife cycles of 16 species of Coronatae
are known, the variations range from typical metagenesis
by strobilation (polyp > strobilation > detached ephyrae >
adult medusae > planulae) to the suppression of the
stephanoscyphistomae or the medusae. These life cycles
are;

- complete metagenesis: Atorella japonica (see
Kawaguti & Matsuno, 1981), Atorella vanhoeffeni (see
Werner, 1966), Nausithoe hagenbecki (see Jarms, 2001),
Nausithoe punctata (see Werner, 1973) and Nausithoe
werneri (see Jarms, 1990);

- complete metagenesis combined with abbreviated
metagenesis and/or ‘segmentation’: Nausithoe aurea (see
Silveira & Morandini, 1997) Linuche unguiculata (see
Silveira& Morandini 1998a);

- metagenesis combined with abbreviated life cycle
("tissue balls'): Nausithoe globifera, Nausithoe macul ata,
Nausithoe marginata, and Nausithoe thieli (Jarms 1997);

- reduced metagenesis (medusoids): Nausithoe
eumedusoides (see Werner, 1974) and Nausithoe racemosa
(seeKomai, 1936);

- reduced metagenesis (planuloids): Nausithoe
planulophora (see Werner, 1971);

- without metagenesis (without polyps and planu-
lae): Periphylla periphylla (see Jarmset al., 1999);

- without metagenesis (parthenogenesis):
Thecoscyphuszibrowii (see Sotje & Jarms, 1999).

Morandini (1999) and Morandini & Silveira(2001a)
reviewed the history of knowledge about
stephanoscyphistomae of Coronatae in Brazil. Morandini
& Silveira (2001a) complemented the diagnostic
features for Nausithoe aurea Silveira & Morandini, 1997,
and showed that the species occurs north of its type local-
ity inBrazil, and Morandini & Silveira(2001b) described the
gametogenesis of the species. Jarms et al. (2002) studied
preserved deep-water polypsof thefamilies Atorellidae and
Nausithoidae from the Brazilian coast. Furthermore, Silveira
& Morandini (1998a and b) have described segmentation
and dormancy sensu Céceres (1997: 372), i.e. theoccurrence
of resting stages, in the species Linuche unguiculata
(Swartz, 1789).

The present study on the survivorship of Nausithoe
aurea in nature, under control and experimental relocate
circumstances, was undertaken over a 13 months period.
Observationswere based on just sampled material from the
relocation sitein southeast Brazil and following cultures of
the stephanoscyphistomae. We wanted to know how N.
aurea survives under unstable conditions and and whether
theflexibility initslifecycleand whether theflexibility inits
life cycle might be an advantage (or adaptation) for living
in afrequently changing environment.

Material and Methods

Toinitiate our study, on July 18, 2000, seven frag-
ments of dead stony coral Mussismilia hispida (Verrill,
1902) (Scleractinia, Mussidae) were sampled at 2-6 m depth
by SCUBA diving, inthe Sdo Sebastido Channel (23°50'S
—45°25'W), on PraiaGrandereef, Ilhabela County, SP. We
searched for the polyps on the calcareous substrata with
theaid of astereomicroscopeat Centro deBiologiaMarinha
daUniversidade de S&o Paulo (CEBIMar USP). Two sets
of Nausithoe aurea, each with six stephanoscyphistomae,
were obtained from the exposed surface and from the bur-
ied surface of two calcareous debris. They were trans-
ferred into and maintained in cell culture dishes (60 mm x
15 mm) containing about 100 ml of filtered seawater. We
had made the first cultivation under controlled room tem-
perature, 21.0°C, from July 19to 27, 2000 at CEBIMar. On
July 27 the specimens were transferred, each in a small
airtight flask (70 ml) and air-conditioned car, to the Zool-
ogy Department (IB USP), in S&o Paulo, SP, and reared
insideanincubator (FANEM®© 347-CDG) at 22+ 1°C(6/18
hours light/dark) until August 7. After the third day of
examinations, at two day intervals, afew recently hatched
nauplii (24-48 hours) of Artemia sp. were added to the
culture dishes for a period of 24 hours. The filtered sea-
water in the culture dishes — provided by CEBIMar USP
and stored insideadark incubator at 22 + 1°C, was changed
every day. By day ten of the observations, gentle rubbing
with a delicate brush cleaned each polyp.

From the samereef, at [I1habela, July 19, 2000, fifty-
eight fragments of dead stony coral M. hispida were
sampled at 2-6 m depth by SCUBA diving. The calcareous
debriswere stored in large tankswith running seawater. In
the laboratory of CEBIMar USP, we searched for the
stephanoscyphistomae, with the aid of astereomicroscope,
on the exposedJuly 19, 2000, as well as on the buried
surfaces of the calcareous substratum, to find at least six
polyps of N. aurea. By July 24, 2000, we had set aside
forty-eight fragments of dead stony coral (always M.
hispida). A long screw (15 cm) (Fig. 1) was applied to
each calcareous segment. On July 25 to 27, 2000, the
fragments were transplanted to the field at the base of a
high and nearly vertical rockwall at Jaroba Point
(23°49'39.6" S—45°25' 20" W), 6 m depth, by SCUBA div-
ing (asite within the protected rocky coast of CEBIMar).
Two contiguous rows of twenty-four cal careousfragments
each were laid on the sand bottom — the “experimental”
and the “ control” series. The control series was: the sur-
faces of twenty four fragments, respectively, twelve ex-
posed and twelve buried, werelaid to maintain their origi-
nal position. Theexperimental serieswas: the surfaces of
twenty four fragments, respectively, twelve exposed and
twelveburied, werelaid inverted. Theinitial set of twelve
exposed and buried stephanoscyphistomae we considered
to pertain to the controls.
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Figure 1. Photography (26.X.2000, at CEBIMar USP) of four calcareous fragments just sampled from Jaroba Point and to each fragment
a long screw had been applied as a mark (Ruler: 20 cm).

A B C
18T IL2000 {1mtial 20 18,8 =C
observations)
24V LI 2000 2[] 18,3 7C
2o T 2000 2l 15,1 °C
26 22000 15 PIRS
12T 2000 20 21.3°C
182 2000 [ ae )P0
2af1f 2001 15 25, 0°C
22 TI2001 a0* 25 F P
25T 2001 [ NS
022001 20 259 °C
2 V2001 15
02 VIIL2001 2l 2077 20

*We had observed the modifications of one exposed polyp, in the control series, for 33 days.

Table 1. Dates in which (A) calcareous fragments with stephanoscyphistomae of Nausithoe aurea were retrieved from the sea and (B) days
of observations in the laboratory; (C) monthly average of surface water temperature at CEBIMar. Note: average of surface water

lemperature for June and July 2000 was, [especlively, 20.4.and 10,0 °C,
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Almost at monthly intervals, over thirteen months
and by SCUBA diving, four transplanted coral fragments
(two controls and two experiments, respectively, one ex-
posed and one buried from each series), wereretrieved from
the sea, submersed in a large tank, gently washed with a
constant flow of sea-water to remove the excess of sand so
as to facilitate the finding of the polyps, twenty four
stephanoscyphistomae were isolated in the [aboratory. The
polyps were kept, either in CEBIMar for thefirst five days
(except for February 2001 with longer stay at CEBIMar),
transferred to Zoology Department (as mentioned above)
and observed for 15—20 days (Table 1).

Results

In this work we observed a total number of 268
stephanoscyphistomae, 141 and 127, respectively, fromthe
control and experimental series. Thefollowing aspectswere
observed: () presence of particles closing the periderm
tube; (b) particles pushed out of the periderm tube by the
scyphistoma; (c¢) contracted living tissues within the perid-
erm tube, but not contracting further upon gentle squeez-
ing with delicateforceps; (d) contracted living tissueswithin
the periderm tube, but still contracting further upon gentle
squeezing with delicate forceps; (e) contracted living tis-
sues within the periderm tube, but oral disk with recogniz-
abletentacles; (f) expanded polyp and oral disc with n ten-
tacles; (g) polyp with asimple column, i.e. without mesen-
teriesor oral disc and tentacles; (h) polyp column with me-
senteries, but without oral disc and tentacles; (i) strobila-
tion and closed periderm operculum; (j) ephyrae; (k) half
opened operculum; (1) removed operculum; (m) segmenta-
tion sensu Silveira& Morandini (1998a); (n) planuloids(origi-
nated by strobilation or segmentation) within the periderm
tube; (o) planuloid inside the polyp column; (p) free
planuloids (see Platel).

The mgjority of the stephanoscyphistomae did not
present any perceptible amount of zooxanthellae, except for
the finding of 4 polyps with much zooxanthellae in the
gastrodermis (2 polyps from the exposed-control different
series and 2 polyps from the exposed and buried-experi-
mental single series). Two calcareous substrata retrieved
from the seaon March 29, 2001, showed, on one, the over-
growth by the sponge Cliona aff. dioryssa De Laubenfels,
1950 and on the other the growth of coralline incrusting
algae responsible for the absence of 3 and 5
stephanoscyphistomae, respectively, for the buried-con-
trol and exposed-experimental series. Two polyps died
during our observations: one in the buried-experimental
series from the sample on January 22, 2001, dueto alarge

injury at the periderm pedal disk, at day 10 of cultivation;
one in the buried-control series from the sample February
22,2001, attacked by an unidentified ciliate protist (fast mul-
tiplying within the periderm tube), at day 8 of cultivation.

Apart from expected observations we could obtain
with traditional rearing experiments in the laboratory,for
Nausithoe aurea we found some different aspects as a)
the rejection mechanism of particles within the periderm
tube, b) segmentation and c¢) dormancy. During the rejec-
tion of particles within the periderm tube the
stephanoscyphistoma pushed it by stretching column, this
requiring that part of the particles (when there were plenty)
or al (when there are few) be ingested by the distal region
of the column and later spit out through the tube aperture.
Segmentation was usually with the production of a perid-
erm operculum and rarely under a plug of particlesin the
tubeaperture, as Silveira& Morandini (1998a) had described
for the colonial coronate Linuche unguiculata. Often after
segmentation, part of the resulting planuloids remained in-
side the gastrovascular cavity of the regenerating
stephanoscyphistoma and, either left the polyp, with the
opening of the operculum, or were resorbed (Figs 2 and 3).
Segmentation may perhaps occur by an initial transverse
fission halfway along the column of anormal polyp, and the
closing of the tube with an operculum (Fig. 4). After seg-
mentation, with the opening of the operculum the residual
tissues under it, and not in the form of planuloids, are in-
gested by the stephanoscyphistoma (Fig. 5). We recog-
nized dormancy asan undifferentiated polyp column, which
could stay inside a blocked tube over alonger period.

For asummary analysis of our results, interms of a
general picture of the aspects related to the closing of the
periderm tube, either by particles (mainly sand grains), by
an operculum or particles + operculum, we combined all
datain Table 2 for the control seriesand in Table 3 for the
experimental series. In these tables we grouped our obser-
vations considering: @) the expected (= known) aspects of
thebiology of N. aurea, i.e. strobilation producing detached
ephyrae or planuloids and/or regeneration of anormal feed-
ing polyp (sensu Silveira& Morandini, 1997: 242, Tab. V1;
237; 244); b) the different (= novel) aspects of the biology
of N. aurea, i.e. asegmentation or dormancy mechanism as
observed for the colonial L. unguiculata (sensu Silveira &
Morandini, 1998aand b). In the tables we note whether the
results refer to the exposed or buried
stephanoscyphistomae.

The occurrence of an oral disc and mesenterieswas
observed in 37 (26.24%) and 31 (32.3%)
stephanoscyphistomae just sampled and during cultivation,
respectively, from the control and experimental series.
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Plate |. Observed aspects of individual stephanoschyphistomae: (a) presence of particles closing the periderm tube (arrow);

Plate |. Observed aspects of individual stephanoschyphistomae: (b) particles pushed out of the periderm tube by the polyp (arrow);
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1.25 mm

Plate |. Observed aspects of individual stephanoschyphistomae: (c) contracted living tissues within the periderm tube, but not contracting
further upon gentle squeeze with delicate forceps;

Plate |. Observed aspects of individual stephanoschyphistomae: (d) contracted living tissues within the periderm tube, but still contracting
further upon gentle squeeze with delicate forceps;
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Plate |. Observed aspects of individual stephanoschyphistomae: (e) contracted living tissues within the periderm tube, but oral disk with
recognizable tentacles;

Plate |. Observed aspects of individual stephanoschyphistomae: (f) expanded polyp and oral disc with n tentacles; (g) polyp with simple
column, i.e. without mesenteries or oral disc with tentacles (arrow points to particles);
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f 1.25 mm

Plate |. Observed aspects of individual stephanoschyphistomae: (g) polyp with simple column, i.e. without mesenteries or oral disc with
tentacles (arrow points to particles);

Plate |. Observed aspects of individual stephanoschyphistomae: (h) polyp column with mesenteries, but without oral disc with tentacles
(arrow points to particles);
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Plate |. Observed aspects of individual stephanoschyphistomae: (i) strobilation under closed periderm operculum (arrow) (note conical
head);

"

Plate I. Observed aspects of individual stephanoschyphistomae: (j) chain of ephyrae;
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0.6 mm

Plate I. Observed aspects of individual stephanoschyphistomae: (k) half opened operculum (arrow);

Plate |. Observed aspects of individual stephanoschyphistomae: (I) removed operculum;
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1.25 mm

Plate |. Observed aspects of individual stephanoschyphistomae: (m) segmentation;

_ 1.25 mm

Plate I. Observed aspects of individual stephanoschyphistomae: (n) planuloids (originated by strobilation or fragmentation) within
periderm tube;

http://www.biotaneotropica.org.br


http://www.biotaneotropica.org.br
http://www.biotaneotropica.org.br

Silveira, F. L.; Jarms, G. e Morandini, A. C. - Biota Neotropica, v2 (n2) - BN02202022002 12

0 E—

Plate |. Observed aspects of individual stephanoschyphistomae: (0) planuloid inside polyp column (arrow);

Plate |. Observed aspects of individual stephanoschyphistomae: (p) free planuloids (arrows).
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Figure 2. Stephanoscyphistoma of Nausithoe aurea undergoing segmentation (with thin operculum since sampling), regenerating column
and retaining planuloids inside the gastrovascular cavity (buried polyp, experiment series). a — Later segmentation stage with planuloid
formation and the distal ones almost distinct (24.11.01); b — Remaining basal tissues stretch by fusion of less defined planuloids to
regenerate the column and distal planuloids separate (25.11.01);
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Figure 2. Stephanoscyphistoma of Nausithoe aurea undergoing segmentation (with thin operculum since sampling), regenerating column
and retaining planuloids inside the gastrovascular cavity (buried polyp, experiment series). ¢ — Smple regenerated column without the
mesenteries, planuloids are distinct and mobile inside the gastrovascular cavity and operculum bulges (27.11.01); d - Regeneration of
mesenteries along column (arrow), individual planuloids move inside the gastrovascular cavity and more become distinct under the

bulged operculum (03.111.01). Scale: 0.6 mm.
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Figure 3. Stephanoscyphistoma periderm tube of Nausithoe aurea, distal end with operculum partially opened (arrows) (6 planuloids had
already escaped through the aperture), and with remaining planuloids still becoming distinct (buried polyp, experiment series)
(10.111.01). Scale: 0.3 mm.
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Figure 4. Stephanoscyphistoma of Nausithoe aurea undergoing initial strobilation or segmentation after expulsion of particles, accidental
removal of operculum, total regeneration, transverse fission, and alternative segmentation inside the periderm tube closed with an
operculum (exposed polyp, control series). a — Stretching of simple polyp column to push particles out of the periderm tube (23.11.01); b —
Early regeneration of oral disc after accidental removal of operculum — note the slender column representing stretched condition of the
polyp (28.11.01).
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Figure 4. Stephanoscyphistoma of Nausithoe aurea undergoing initial strobilation or segmentation after expulsion of particles, accidental
removal of operculum, total regeneration, transverse fission, and alternative segmentation inside the periderm tube closed with an
operculum (exposed polyp, control series). ¢ — Multiple constrictions along the basal tissues and a strong knot halfway the polyp column

(03/03/01);
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P

Figure 4. Stephanoscyphistoma of Nausithoe aurea undergoing initial strobilation or segmentation after expulsion of particles, accidental
removal of operculum, total regeneration, transverse fission, and alternative segmentation inside the periderm tube closed with an
operculum (exposed polyp, control series). d — Active feeding ‘head’ in distal part and simplified basal tissues of divided column
(12.111.01). e — Operculum and many planuloids inside the periderm tube resulted from segmentation of distal part of severed column
(26.111.01). Scale: 0.6 mm.
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Figure 5. Stephanoscyphi-stoma of Nausithoe aurea opening the operculum after segmentation and ingesting residual tissues following
regeneration of the oral disc (buried polyp, experiment series). a — Contraction of the column without oral disc with tentacles (arrow),
upon stimulation with a forceps, to show residual tissues on the margin of the periderm tube aperture (07.VI11.01). b — Oral disc with 13

short tentacles and EOI¥E ingeﬂs the residual tissues (08.V111.01). Scales. 0.3 mm
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I _ FRIN]
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11p B FE 254 _ _
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1Br ]

Table 2: Observations within the control series of the expected and novel aspects (dormancy or segmentation) for the biology Nausithoe
aurea related to the possibilities that the periderm tubes were closed by particles (Part.), or by an operculum (Oper.), or by particles and

operculum (Part. + Oper.). Abbreviations: Br. = buried scyphistoma; D = dormancy; Ex. = exposed scyphistoma; np = number of polyps
under observation; S = segmentation. Underlined = observed under laboratory conditions.
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12p 3Br.) 2 (Br} 1Br)
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12p 1By PRI
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1By
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12p — el — — —
Aug01-12p | 5 (Ex) 3 (Ex.) T (Ex.) 1D (Br.) 15 (B
JERiS

Table 3: Observations within the experimental series of the expected and novel aspects (dormancy or segmentation) for the biology
Nausithoe aurea related to the possibilities that the periderm tubes were closed by particles (Part.), or by an operculum (Oper.), or by
particles and operculum (Part. + Oper.). Abbreviations: Br. = buried scyphistoma; D = dormancy; Ex. = exposed scyphistoma; np =
number of polyps under observation; S = segmentation. _Underlined = observed under laboratory conditions.
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Examining Table 2, the polypsthat showed expected
aspects for the biology of N. aurea, we noticed that: 2
(1.41%) with particles— 1 buried in dormancy and 1 ex-
posed in segmentation; 21 (14.8%) with an operculum, but
19 (13.47%) produced this in the laboratory and only 2
(1.41%) exposed presented it when sampled — 1 in dor-
mancy and 1 in segmentation; NONE with particles + oper-
culum. For these polypsthe operculum had been correlated
with segmentation.

Examining Table 3, the stephanoscyphistomae which
showed expected aspects of the biology of N. aurea, we
notice: 38(29.92%) with particles inside the tube — 14
(11.02%) exposed and 24 (18.89%) buried; 30 (23.62%)with
an operculum, although 21 (16.53%) produced thisin the
laboratory and only 9 (7.08%) presented it when sampled;
only 4 (3.15%) with particles + operculum. For all these pol-
yps, the operculum had been correlated with strobilation.
Among the polyps that showed novel aspects for the biol-
ogy of N. aurea, wenoticed: 8 (6.29%) with particles—5in
dormancy (1 exposed and 4 buried) and 3 buried in segmen-
tation; 16 (12.59%) with an operculum, athough 10 (7.87%)
produced in thelaboratory and 6 (4.72%) presented it when
sampled (2 exposed and 4 buried) — 3indormancy and 3in
segmentation; NONE with particles + operculum. For these
polyps the operculum had been correlated with segmenta-
tion.

Discussion

The fact that between 1/4 - 1/3 of all the
stephanoscyphistomae under observation had oral discs
and mesenteries suggests that in nature the condition of
feeding polyps must prevail against every other described
situations respectively at any time. All polyps were culti-
vated under controlled homogeneous conditions and sub-
jected to the same feeding regime, afavorable condition to
induce strobilation for Nausithoe aurea. Nevertheless, we
believe that the amount and the quality of food given to the
stephanoscyphistomae did not reach a sufficient level to
induce massive strobilation, even if thishad far exceeded
availablefood in nature. Werner (1979) had anticipated that
for solitary coronates the surplus of energy stored by the
polyps results in consecutive strobilation if thereis not an
annual regulation of species inwaterswith ahigh summer-
winter range of temperature. Additionally, Morandini (1999)
observed that cultivating 23 stephanoscyphistomae for 92
days, fed at 48 h intervals with the homogenate of the go-
nad of the clam Perna perna (Linnaeus, 1767), 22 of them
strobilated and 1 remained in the normal feeding condition;
17 stephanoscyphistomae strobilated during the first 25
days of cultivation; 3, 11 and 8 polyps strobilated, respec-
tively, three, two and onetime.

Survivorship of individual polyps of N. aurea over
one year isthefirst record for any Coronatae polyp in na-

ture. The scyphistomae of Coronatae are known to show
perennation under |aboratory conditions (see Ortiz-Corp’s
etal., 1987; Jarms, 1997; Silveira& Morandini, 1998a). The
longest documented period of survival in the laboratory is
37 years(Atorella vanhoeffeni), the stephanoscyphistoma
still being aliveand strobilating regularly (Jarmspers. obser.
following initial culture observations by the late Dr. B.
Werner). Wethink that stephanoscyphistomae, likethe other
polypsof Scyphozoa, are potentially immortal. Neverthe-
less, we observed that the fast growth of two encrusting
organisms — sponge and coralline algae, resulted in death
of some stephanoscyphistomae. We believeit to have been
just by chance the time in which we made these combined
observations and consider them separate events. Never-
theless, we believe that in environmentswith ahigh abun-
dance of overgrowing or encrusting species, at least, soli-
tary polyps cannot survive. This restricts the habitats also
of N. aurea. Inlaboratory, without other animalsor plantsin
the cultures, polyps of coronates grow continuously and
thereisno genetically defined maximum length. They only
dieif they are not able to reach a certain height in the tube
after strobilation to get enough food, thisbeing mostly the
rim of the tube.

For the scyphistomae that showed expected aspects
for the biology of the specieswe notice, comparatively, for
the control and experimental series (deducing from Tables
2 and 3) that: 1) polyp tubeswith particles occurred in higher
frequency among the experimental series(29.92%) inrela-
tionto the control series(16.31%) and, for both, among the
buried scyphistomae. We assume a greater probability for
particles to occur inside the tubes of buried scyphistomae.
Thus, in the experimental seriesthe exposed scyphistomae
aremorelikely to have particlesinsidetheir tubes; 2) scyph-
istomae with operculum occurred in higher frequency among
the control series (36.17%) in relation to the experimental
series (23.62%), but for both and in relative proportions
(72.54% x 70%) the operculum was produced in the labora-
tory and during strobilation; 3) scyphistomae with particles
+ operculum occurred in small numbersin both series. There-
fore, it is suggested that the production of the operculumis
under the control of theintrinsic regul ative mechanism that
causes strobilation, mainly the surplus of food.

For the scyphistomae that showed novel aspectsfor
the biology of the species, i.e. dormancy and segmentation,
we notice, comparatively, for the control and experimental
series (deducing from Tables 2 and 3) that: 1) polyp tubes
with particles occurred in higher frequency among the ex-
perimental series(6.29%), mainly buried polyps, inrelation
to the control series (1.41%), alikely feature as discussed
above. In the control series, dormancy occurred either
among buried aswell as exposed polyps, 1:1. In the experi-
mental series, we observed that dormancy and segmenta-
tion occurred, respectively, for 4 and 3 buried
stephanoscyphistomae, whileonly 1 exposed polyp showed
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dormancy. We believethat these findings suggest that these
phenomenaare morelikely to happen among buried scyph-
istomae; 2) stephanoscyphistomae with operculum occurred
in slightest higher frequency among the control series
(14.89%) in relation to the experimental series (12.59%),
but for both, they occurred in the laboratory in higher rela-
tive proportions among the control series compared with
the experimental series(90.47% x 62.5%). \We observed that
for the control series the production of the operculum in
the laboratory has always been correlated with segmenta-
tionin 9 exposed and 10 buried scyphistomae, acloseratio
of 1:1 operculated polypsjust sampled, respectively, in dor-
mancy and segmentation. We observed that for the experi-
mental series the production of the operculum in the labo-
ratory has always been correlated with segmentation in 7
exposed and 3 buried scyphistomae, a close ratio of some
2:1 polyps just sampled, respectively, in segmentation (1
exposed and 2 buried polyps) and dormancy (1 exposed
and 2 buried polyps); 3) We did not observe any polyp with
particles + operculum in segmentation or dormancy. Inthis
seriesthe production of an operculumisrelated to segmen-
tation and dormancy. So this again suggests that segmen-
tation must be derived from normal strobilation.

The description of the reduced metagenesis, caused
by unfavorable conditions in the planktonic stage in some
species of the Nausithoidae (Jarms, 1997), gaverise to the
ideathat coronates in general have the capacity to save all
living tissue, and transform it to the energy saving sessile
stage — the polyp. Observations that polyps can survive
up to three years without food, but under the cover of a
periderm operculum, enforce this hypothesis (Jarms unpubl.
data). The results of this paper strongly support this con-
cept. Obviously, N. aurea is able to react with transforma-
tion of the phenotype if ecological impacts do so require.
Regulation mechanismsare still unknown.

Silveira& Morandini (1998a) defined segmentation
in Linuche unguiculata as a mechanism leading to rejuve-
nation of the polyps and production of planuloids. The seg-
mentation observed for N. aurea is similar, and is also a
further argument to support planuloid formation as an ex-
planation for polyp-stage philopatry (Silveira& Morandini,
1997). The differences noticed are inpart due to the further
development of planuloids. Distinct mobile planuloidshave
been seen inside the gastrovascular cavity of feeding scy-
phistomae of L. unguiculata, but there was no evidence
that they were re-absorbed as they could easily get out
(Silveira & Morandini unpubl. data). Distinct mobile
planuloids were seldom seen after segmentation in
L.unguiculata, and and whenever present seemed to be
dispersive stages of asexual reproduction and propagation
(Silveira& Morandini, 19988). Often, we had observed dis-
tinct mobile planuloids inside the gastrovascular cavity of
regenerating polyps of N. aurea, following segmentation,
and thesewerein part entirely re-absorbed. Morandini (1999:

Tabs 111-X) has noticed planuloids inside 13 scyphistomae
that strobilated and produced planuloids, and that in 8 of
theseafew planuloidswereentirely re-absorbed. Addition-
aly, we noticed that the regenerating oral disc of the scyph-
istoma, after segmentation and opening of the operculum,
ingestsresidual tissues. By inadvertent removal of the oper-
culum, we observed apolyp of N. aurea beginning segmen-
tation that quickly regenerated the oral disc, with many long
tentacles, but with a very slender and stretched column.
The stephanoscyphistoma started segmentation by first di-
viding the column in half and later producing distinct
planuloids inside an opercul ated tube. We suggest that the
transverse fission observed in the scyphistoma was deter-
mined by the incapacity of the slender column to convey
food for absorption in the basal part as observed for
Nausithoe planulophora and Thecoscyphus zibrowii by
Bumann & Jarms(1997).

Silveira& Morandini (1998b) compared thetransfor-
mation of polyp tissuesinside two closed periderm tubes of
L. unguiculata cysts, and to dormancy according to Céceres
(1997). We al so compared the quiescent tissuesof N. aurea
inside closed tubes with cysts just sampled towards the
end of the period of our observations. The significance of
our findings goestogether with the discussionin Silveira&
Morandini (1998b) that for the Scyphozoa, mainly resting
stages are reported as podocysts, or, eventually,
planulocysts. Nevertheless, we point out that for N. aurea,
dormancy seems to be related not only with operculate
polyp, but aternatively with periderm tube plugged with
fine and firmed particlesfrom the surrounding sediments.

A recent study on the evolution of Cnidaria life
cycles, using data from the small sub-unit of of the ribo-
someto derive aphylogenetic hypothesisfor “Medusozoa’,
suggests that Coronatae is the sister group of
“semaeostomes + rhizostomes” (Collins, 2002), aprobable
relationship al so supported by some morphological charac-
ters— the lappets, and the process of strobilation. Silveira
and Morandini (1998a) have presented the hypothesis for
L. unguiculata that segmentation was an advanced trait
derived from apeculiar strobilation, with the addition of the
operculum, although thereisno operculum, either of tissue
or periderm, during strobilation of the species. The obser-
vation of segmentation in an operculated strobilating spe-
cies as N. aurea supports the idea of linking this asexual
phenomenon with strobilation.

The ability of the scyphistomae of N. aurea, even
simplified polyps in regeneration, to push particles out of
their tubes, was related with their capacity of ingesting the
particles. Thiswas a direct observation that the regenerat-
ing column possesses an opening anal ogouswith the mouth,
even though the oral disc had still not differentiated. Holst
(2002) has shown by experiments that N. aurea is able to
remove 50% of sediment, stonesaswell asparts of mollusk
shells, out of itstube after two daysand and 75% after four
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days. If there are too many stones on the top of the soft
body these are partly ingested. The stretching polyp pushes
out the free particles, and the ingested ones are later spat
out, while transported by ciliary currents. If there is too
much pressure on the tube aperture from amore overlying
sediment, the polyps can ingest some particles but are not
able to push out either the ingested or the rest — the tube
staying blocked. We believethisisthe reason for shedding
an operculum and undergoing dormancy.

With the results of our experiments in nature, com-
bined with thosefollowing cultivation, wewere ableto show
that the plasticity of the life cycle enables N. aurea to sur-
vive under changing conditionsin the S&o Sebastido Chan-
nel. The trend to save al living tissue is attested by the
possibility of a modification among normal metagenesis
with ephyrae, the development of planuloids, and thetrans-
formation of polyp tissue by segmentation. If all these strat-
egiesfail, N. aurea can even undergo dormancy for alonger
time.
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Abstract — The feeding ecology of the maned wolf (Chrysocyon brachyurus) was studied from 1998 to 2002 in the
Ecological Station of Itirapina, S8o Paulo State, southeastern Brazil, including estimates of prey number and biomass
consumption. A total of 325 faecal samples was collected in the area. The species is omnivorous, with a broad diet
including 68 species or morphospecies of fruitsand animals. Armadillos (Dasypodidae), wolf’sfruit (Solanumlycocar pum)
and small mammals (mostly Clyomys bishopi) were the bulk of the diet, comprising 72.8 % of thetotal estimated biomass
consumed (185,323.4 g). Interms of frequency of occurrence, on the other hand, only small mammals and other miscella-
neousfruitsyielded 43.4 % of thetotal occurrences (N =1,054). Animal prey ranging from 0.01 and 0.1 Kg were the most
captured category, resulting in 44.2 % of 507 captured animals. The maned wolf seemsto be seasonally opportunistic, at
least for fruits and insects, as indicated by the variation of the consumption of these items along the year. The higher
consumption of fruitsand animals characteristic of savannah can be animportant factor to consider in future management
plans for the species.

Key words: Chrysocyon brachyurus, maned wolf, savannah, grassland, feeding ecology, diet, Brazil .

Resumo — A dieta do lobo-guara (Chrysocyon brachyurus) foi estudada entre 1998 e 2002 na Estacdo Ecolégica de
Itirapina, Estado de S&o Paulo, incluindo estimativas de nimero de presas e biomassaingerida. Um total de 325 amostras
fecais foi coletado na érea de estudo. A espécie pode ser considerada onivora, com uma dieta variada incluindo 68
espécies ou morfo-espéci es de frutos e animais. Ostatus (Dasypodidae), fruta-de-lobo (Solanumlycocar pum) e pequenos
mamiferos (principal mente Clyomys bishopi) constituiram a base da dieta, com 72,8% do total de biomassa consumida
(185.323,4 g). Por outro lado, em termos de fregiiéncia de ocorréncia, apenas 0s pequenos mamiferos e outros frutos
compreenderam 43,4% do total de ocorréncias (N = 1.054). Presasanimaisentre 0,01 e 0,1 Kg foram as mais consumidas,
representando 44,2 % do total de 507 individuos capturados. O lobo-guaré apresenta oportunismo sazonal pelo menos
parafrutos einsetos, ajulgar pelavariagdo no consumo desses itens nas diferentes estagcdes do ano. O alto consumo de
frutos e animais provenientes do cerrado deve ser levado em conta em planos futuros de manejo da espécie.

Palavras-chave: Chrysocyon brachyurus, lobo-guard, cerrado, campo, ecologiaalimentar, dieta, Brasil.
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I ntroduction

The maned wolf (Fig. 1), Chrysocyon brachyurus
(Illiger, 1815), isthelargest (20to 26 Kg) canid of the South
American continent. It inhabits mostly savannah-like and
grasslands habitatsin central South America, including all
Paraguay, north-eastern Argentina, north-western Uruguay,
south-eastern Peru, large parts of central-east Bolivia and
central-south Brazil (Langguth 1975, Dietz 1985, Mones &
Olazarri 1990, Nowak 1999). The speciesisincluded inthe
IUCN Red List asa“lower risk — near threatened” species
(Hilton-Taylor 2000) whereasintheBrazilian officid listitis
considered threatened (Bernardes et al. 1990).

The maned wolf is a solitary animal, except in the
breeding season, being active mainly in the crepuscular-
nocturnal period. Its home range varies from 21.7 to 115.0
Km? (Dietz 1984, 1985, Carvalho & Vasconcellos 1995,
Rodrigueset a. 1998). It isomnivorous, consuming similar
proportions of fruits, mostly wolf’s fruit (Solanum
lycocarpum) and small vertebrates (Dietz 1984, Motta-Jun-
ior etal. 1996, Aragona& Setz 2001, Motta-Junior & Mar-
tins2002, Jacomo 1999). Medel & Jaksic (1988) and Motta-
Junior et al. (1996) pointed out that quantitative studies
about the diet of the maned wolf are lacking. Only a few
studies, dealing with minimum number of individuals, pro-
vided estimates of biomass ingested (e.g., Motta-Junior et
al. 1996, Motta-Junior 2000).

The objective of the present study was to quantify
the maned wolf” s diet as expressed by: frequency of occur-
rence as apercentage of total occurrences (Dietz 1984), the
minimum number of consumed individuals (Emmons 1987),
and the estimated biomassingested (Emmons 1987, Motta-
Junior et a. 1996). We also investigated if there was any
seasonality in the consumption of major groups of food
items. Additionally, aspects of prey size distribution and
theimportance of savannah-like habitats asasource of food
for the maned wolf were considered.

Figure 1. The maned wolf (Chrysocyon brachyurus).[7 J. C. Motta-
Junior.

Material and Methods

Fieldwork was conducted from January 1998 to May
2002inthe 2,300 haEcologicd Station of Itirapina(ESl, 22°15'
S, 47°49" W) and adjacent areas, S8o Paul o State, Brazil. The
climateisrainy/tropical, with two distinct seasons (K ppen’s
Cwa). Themean annud rainfal is1,388.7 mm, defining awet
season from October to March (105 to 311 mm monthly),
and a dry season from April to September (18 to 85 mm)
(RIPASA S/A Meteorological Office, Fazenda Seriema,
Brotas, SP). Theelevation rangesfrom 705 mto 750 m (SEMA
2000). The ES| protects one of the last remnants of natural
cerrado (mostly as savannahs and grasslands) in S&o Paulo
State. The vegetation includes grassland (“campo limpo”),
grassland savannah (“campo sujo”, see Fig. 2, and “ campo
cerrado”), and savannah (“cerrado”) (see Coutinho 1978).
Marshes and gallery forests are also found in the area
(Mantovani 1987). Plantations of Pinus sp., Eucalyptus sp.
and Citrus sp., besides pastures surround the ESI.

Figure 2. Grassland savannah (“ campo sujo”) at ES.[J J. C.
Motta-Junior.

Roads and trailswere walked and driven bimonthly
from 1998 to July 1999 and once a month for the rest of the
study period to search for faecal samples of maned wolf.
The samples were then taken to the laboratory and washed
inwater through afine (1 mm) mesh screen (Emmons 1987)
or inawashing machine (e.g., Springer & Smith 1981, Uresk
& Sharps 1986). Afterwards, they were oven-dried (at 50°C)
during 24-48 hours, stored, and later individually examined.

Remains of teeth, bones, fur, bills, feathers, scales,
exoskeletons, and seedswereidentified by comparison with
a reference collection of the study site available at the
Laboratorio de EcologiaTréfica(Dep. Ecologia, IB/USP, Sdo
Paulo). Specialists from museum and herbaria collections
were also consulted for the different groups of prey. The
remainsof body partswere used to count the minimum num-
ber of individual animals consumed (Emmons 1987). The
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prey biomass consumption was estimated by counting the
number of individuals in the faeces and then multiplying
thisnumber by the mean body mass of each prey species at
the study site (Emmons 1987, Motta-Junior et a. 1996). Body
masses of snakes were estimated by the width of the larger
ventral scales found in faeces, which was applied in are-
gression equation (see Appendix). We assumed complete
ingestion of prey when teeth, claws and bones of al parts
of the skeleton were found in the faeces, including larger
prey asarmadillos (Motta-Junior et al. 1996). The average
number of seeds and mass per fruit species was compared
with the number of seedsin faeces to estimate the number
of fruitsand their biomassingested by the maned wolf (e.g.,
Castro et al. 1994). Prey and fruit mass was obtained in the
field with spring scales (1 g). Chi-square goodness-of-fit
tests were employed to test for seasonality in the consump-
tion of major food items (see Dietz 1984).

The habitat of each plant and animal consumed was
identified by personal observation or literature in order to
evaluate the dependence of the maned wolf on savannah
species(cf. Mottaet al. 1996).

Results and Discussion

Approximately two to four maned wolves, possibly
two couples, were utilising the study area as part of their
home ranges, as indicated by sightings and indirect evi-
dence such as faeces and tracks during fieldwork.

A total of 325 faeces were collected (193 and 132
from the dry and wet seasons, respectively), yielding 1,054
occurrences of 68 identified prey and fruit items (see Ap-
pendix). We believe our sample is representative of the
maned wolf’s diet in the study site, since 95% of all items
were dready found among thefirst 200 faeces. No new food
item was added after the analysis of the 305th faeces.

Twenty-four (35.3%) itemswere plant material and 44
(64.7%) wereanimal materia (see Appendix). By frequency
of occurrence, thewolf consumed plant and animal itemsin
similar proportions (49.3% and 50.7%, respectively; Table
1). Even though the sample portraits the diet of afew indi-
viduals, these results are in the range shown in other stud-
ies(Dietz 1984, Motta-Junior et al. 1996, M otta-Junior 2000,
Aragona & Setz 2001), which also described a typically
omnivorousdiet for thiscanid. The most consumed itemsin
our study (Table 1) were rodents (22.5%) and miscellaneous
fruits (20.6%). In contrast, according to the biomass in-
gested, the most important items were armadill os (36.2%)
and wolf”sfruits (19.6%) (Figs. 3and 4, respectively) (Table
1). Although the most abundant armadillo species at ES
were Cabassous unicinctus and Euphractus sexcinctus
(Bonato 2002), the maned wolf consumed mainly Dasypus
spp. (see Appendix). It is possible that thelow incidence of
C. unicinctusinthewolf’sdietisduetoitsprimarily diurna
habits (Bonato 2002) and its fast-digging ability (Redford

[} i
Gl e g

Figure 3. The nine-banded armadillo (Dasypus novemcinctus).
[J J. C. Motta-Junior.

Figure 4. The wolf’s fruit (Solanum lycocarpum)..J J. C. Motta-
Junior.

1994). Thelack or low consumption of the diurnal-nocturnal
E. sexcinctus (Bonato 2002) noted at ESI (this study) and
reported for other areas (Motta-Junior et a. 1996, Motta-
Junior 2000, Belentani 2001) may be explained by an escape
strategy that includes mainly running and secondarily dig-
ging (Redford 1994). On the other hand, Dasypus spp. (Fig.
3) iscommonly reported in the maned wolf’s faeces, even
though they werenot frequently found at ES| (Bonato 2002),
suggesting higher vulnerability to predation or selection
by the wolf.

Themaned wolf’sdiet varied seasonaly. Whilewolf’s
fruit (¢?=23.3; p<0.001) and grass|eaves (c?= 7.8; p<0.005)
were consumed mainly during the dry season, other fruits
(c?=47.2; p<0.001) and insects/arthropods (c?= 6.9; p<0.01)
were consumed mainly during the wet season (Fig. 5). Al-
though the availability of food resources was not assessed
in the study site, other researchers in Brazilian savannahs
reported that fruits and insects are more abundant in the
wet season (Dietz 1984, M otta-Junior 2000, Belentani 2001).
Thus, the maned wolf appeared to feed opportunistically
on these groups also in the study area. The maned wolf
seemed to switch from the wolf’sfruitsto other wild fruits,
with fruitin general present inthediet along thewholeyear
(Fig.5). Thisfact wasalso reported by Motta-Junior (2000).
The high consumption of grass leaves (12.0% of total oc-
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currences), mainly during the dry season, may have a ben-
eficial effect in the digestion process (Dietz 1984), though
they were not significant in the biomass analysis (Table 1).
All other itemswere consumed in similar proportionin both
seasons (Fig. 5).

In spite of itslarge body size, the maned wolf con-
sumed mainly small vertebrates between 0.01 and 0.1 kg
(44.2% of atotal number of 507 individuals), represented
mostly by small mammal's, which accounted for the bulk of
the animal prey (Fig. 6A). This apparent preference for
smaller prey could be aresult of its solitary hunting strat-
egy and/or due to the most common prey size found in the
study site (J. A. Simonetti, pers. comm.). However, themost
consumed rodent was Clyomys bishopi (277.3 g). Thisspiny
rat (Fig. 7) isreported to be one of the most abundant small
mammalsin the ES| (Vieira1997, A. A.Bueno & S. C. S.
Belentani, unpublished data), and thismay explain the high
consumption. Predation on this speciesby wolveswas|ower
in areaswhereit wasless abundant (Carvalho 1976, Bueno
& Motta-Junior, submitted). On the other hand, vertebrates,

35
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20

15 4

% Cccurrences

mostly armadill os, weighing between 1.0 and 10.0 kg yielded
59.0%from atotal of 126,383.4 g (Fig. 6B). Thehigh biomass
proportion of armadillos in the maned wolf's diet has al-
ready been found in other studies (Motta-Junior et al. 1996,
Belentani 2001, Bueno & Motta-Junior, submitted).

Savannah destruction dueto farming practices seems
to be one of the main causes for the decline of maned wolf
populations (Dias 1994, Silva1994). Road mortaity may also
be another important cause of non-natural death (Rodrigues
et al. 1998), athough this has not yet been systematically
studied.

Considering only identified items, for which it was
possible to determinate their habitats, the animal prey and
fruits found in the faeces showed that grasslands and
savannahs were the major source of food for this canid,
regardless of thelevel of analysis(Table2). Despitethe use
of areas with high degree of disturbance around the ESI,
our resultsindicated that the wolves were foraging mainly
in the savannah and grassland remnants. These findings

Wolf s fruits
Miscellaneous
fruits

Arthropods

Birds=

Arrnadillos
Rodents,
Cpossums

Other Mammals %

Reptiles, Frogs,
Fishes

ODry Season @8YWet Season

Figure 5. Seasonality in the consumption of major food item groups in the maned wolf’s diet by frequency of occurrence, Ecological
Sation of Itirapina, southeastern Brazil. Values are percentages from 656 occurrences in the dry season and 398 occurrences in the wet

season.
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Food therns Do uTem & Fumnher Biornass
WWoX e fmait (Sokoums by o) | L] 194
Bulicce Mavie oz it a0 121
Craine n.1 T
Crracee s atd leaww s 120 0.1
Subvboital Plans 493 ] B
Ineects and other arthropods 42 179 T
Fiches 04 na 0.5
Frogs 0z 04 T
Sralies 3.5 57 1.0
Lizards nz 04 T
Birds 11.9 174 49
Opanhs 0z 04 0=
Anmadillos 55 g1 6.2
Eoderits 225 458 16.2
Eabhite 10 12 4.5
Oitber matrinals 0z 04 40
Subvboital Amdn alks s0.7 1000 6f .2
“Total (of (T ende, TNADET , ILATASS ) 1054 507 185 323 4

Mote: v —traces wrahies heloar 005%

Table 1. Occurrence, number of animal prey and biomass of major groups of food items in the diet of the maned wolf at ESl. Values are
percentages. The number of individual fruits consumed was not considered here because of difficulties for comparisons with that of
animals. The total value for biomass is in grams.
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Figure 6. Proportions of number of individuals (A) and biomass (B) of prey represented in faeces, as a function of prey body weight class,
in the EIS, southeastern Brazil. Values are percentages from 507 prey individuals and 126,38 Kg of total animal biomass.

Figure 7. The spiny rat Clyomys bishopi. [7 J. C. Motta-Junior.
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Hahitat Number Numh exr of

of =p ecies Occurrences ind ividuals Biomass
Savannah and Grassland 24353 06 (45.00 2140422 20,1645 (43 .3)
Savannah and G allery forest P13 122 (11.683 49 (9.7 76,4259 (41.2)
Disturhed 5074 44 (4.2 1302.6) 456 70 0.5
Uiikctuenay 30441 382 (36.2) 2300454 2727350147
TOTAL 68 (100.0) 1054 (100.0) S07 (100.0) 185,323 4 (100.0)

Table 2. Distribution of prey and fruits found in faeces of the maned wolf by habitat. Data computed from Appendix. Values in parenthesis

are percentages.

are in accordance with those from studies in south-eastern
and central Brazil (Motta-Junior et al. 1996, Belentani 2001,
Bueno & Motta-Junior, submitted), emphasising the high
value of savannah and grasslands for the survival of the
maned wolf.
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APPENDIX. List of plant and animal items found in the
maned wolf’sdiet at ESI. Numerical data are respectively
mean weight (g) of one fruit or individual animal in
parentheses; occurrence; number of individual prey for
animals; estimated biomass (g) in brackets; and preferred

habitat. Abbreviations for habitat: SG - savannah and
grassland, FS - gallery forest and savannah/grassland, DT

- disturbed, UN - unknown.

Fruits

Alibertiasp.2- (6.9); 6; [421.5]; SG
Anacardiumcf. humile- (30.0); 1; [30.0]; SG
Andiracf. humilis- (20.0); 1; [20.0]; SG
Annonacf. crassiflora®- (1,021.0); 1; [263.6]; SG
Annona sp. - (136.4); 15; [821.0]; UN

Bromelia anthiacantha - (19.0); 30; [3,081.8]; SG
Campomanesia pubescens® - (2.0); 62; [666.0]; SG
Citrussp.2- (128.5); 25;[9,137.5]; DT
Couepiacf. grandiflora?- (13.2); 1;[48.0]; FS
Duguetia furfuracea®- (75.8); 4; [65.5]; SG
Mangiferaindica- (200.0); 1; [200.0]; DT
Melancium campestre? - (65.4); 4; [19.4]; SG
Psidiumguajava- (46.3); 11;[817.6]; FS
Psidiumcf. cinereum- (4.8); 20; [3,137.8]; SG
Peritassa campestris- (18.3); 10; [1,466.8]; SG
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Pouteriatorta®- (15.0); 5; [854.8]; SG

Pouteria cf. ramiflora?- (14.0); 2; [136.0]; FS
Solanumlycocarpum- (370.0); 175; [36,356.8]; SG
Solanumsp. - (2.4); 1;[22.5]; DT
Syagrusromanzofiana®- (5.2); 5; [968.8]; FS
Syagruscf. petrea- (4.7); 10; [267.6]; SG
Unidentified Palmae- (4.0); 2; [17.0]; UN

Grains
Phaseoluswvulgaris- (0.5); 1;[7.0]; DT

Grasses
Poaceae and Cyperaceae” - 126; [113.0]; UN

Insectsand Arthropods

Araneae- (1.0); 1; 1;[1.0]; UN

Termitidae- (0.08); 1; 5; [0.4]; UN
Blattidae/Parahormetica sp. - (1.8); 7; 6; [10.8]; UN
Acridoidea- (1.5); 2; 2;[3.0]; UN
Tettigoniidae/Copiphorinae- (1.0); 2; 3; [3.0]; UN
Gryllidae- (0.9); 1; 1;[0.9]; UN
Orthopteraunidentified - (1.0); 6; 6; [6.0]; UN
Carabidae Calosoma sp.- (0.7); 1; 1;[0.7]; UN
Scarabaeidae/Dichotomius sp.- (1.0); 1; 1; [1.0]; UN
Scarabaeidae/Bothynus sp. - (2.0); 6; 12; [24.0]; UN
Scarabaeidae/Phanaeus sp. - (4.0); 1; 1; [4.0]; UN
Scarabaeidae unidentified- (2.0); 1; 1; [2.0]; UN
Coleopteraunidentified - (1.0); 8; 8; [8.0]; UN
Vespidae- (0.02); 5; 36; [0.5]; UN

Unidentified insects - (1.0); 8; 7; [7.0]; UN

Fishes
Unidentified Fish - (250.0); 4; 4; [1,000.0]; UN

Frogs

Unidentified frogs®- (13.8); 3; 3; [41.4]; UN
Lizards

Gymnopthalmidae*- (2.0); 1; 1;[2.0]; SG
Unidentified small lizard®- (7.5); 1; 1;[7.5]; UN

Snakes
Unidentified snakes- (%); 36; 29; [1,710.5]; UN

Birds

Rynchotusrufescens- (870.0); 1; 1; [870.0]; SG
Tinamidaeunidentified - (206.3); 4; 3;[619.0]; SG
Mycropygia schomburgkii - (32.0); 4; 3;[96.0]; SG
Gallusgallus*- (400.0); 16; 13; [5200.0]; DT
\olatinajacarina- (10.0); 4; 4; [40.0]; SG
Unidentified Emberizidae- (15.0); 4; 4;[60.0]; UN
Eggs- (10.0); 4; 3; [30.0]; UN

Unidentified small Passerines- (15.0); 23; 18; [270.0]; UN
Unidentified small birds- (30.0); 53; 36; [1,080.0]; UN
Unidentified medium birds- (100.0); 9; 4; [400.0]; UN
Unidentified large birds- (200.0); 3; 2; [400.0]; UN

Mammals

Cabassous unicinctus- (2,950.0); 3; 3; [8,850.0]; SG
Dasypuscf. novemcinctus- (1,787.5); 42; 25; [44,687.5];
FS

Dasypuscf. septemcinctus® - (1,045.0); 13; 13; [13,585.0];
FS

Didelphisalbiventris- (720.9); 3; 2;[1,441.8]; FS
Bolomyslasiurus- (42.4); 6; 19; [805.6]; SG
Calomystener - (14.3); 32; 62; [114.4]; SG

Oryzomyscf. subflavus - (74.4); 4; 4; [297.6]; SG
Clyomysbishopi - (277.3); 111; 78; [21,629.4]; SG
Oligoryzomysnigripes- (17.2); 7; 11; [189.2]; SG
Caviaaperea- (390.0); 34; 26; [6,340.0]; FS
Unidentified small rodents® - (20.0); 45; 32; [640.0]; UN
Sylvilagusbrasiliensis- (933.8); 11; 9; [8,404.2]; FS
Unidentified medium mammal - (2,500.0); 3; 3; [7,500.0];
UN

Citations: All weightsarefrom field dataexcept whereindi-
cated:

(3 Motta-Jdunior & Martins (2002); (°) net weight of
ingested grass was estimated by previous known net and
dry massof samplesfromthefield; (°) MarcioR. C. Martins,
pers. comm.; (%) thelarger width of ventral scalefrom faeces
was measured and applied as the independent variable (X)
totheregression equation: logY =2.66910gX — 1,540, where
Y is the dependent variable body mass (R? = 0.999; p <
0.0001; N = 5 snakes collected inthe area); (¥) Motta-Junior
et al. (1996). References consulted for prey and plant habi-
tatswere: Mendongaet al. (1998) and Motta-Junior & Mar-
tins(2002) for fruits; Mércio R. C. Martins (pers. comm.) for
reptiles, Motta-Junior et al. (1996) for birds; Redford (1994)
and Bonato (2002) for armadill os, Eisenberg & Redford (1999)
and Motta-Junior et a. (1996) for other mammals.
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Abstract

The gills of the leptophlebiid genera Askola, Farrodes, Hagenulopsis, Hermanella, Hylister, Leentvaaria,
Needhamella, Perissophlebiodes, Massartella, Miroculis, Thraulodes, Traverella, and Ulmeritoides are described and

figured.
Key Words: leptophlebiid mayflies, Atalophlebiinag, neotropics, identification, nymphs.

Resumo

As branquias das ninfas dos géneros Askola, Farrodes, Hagenulopsis, Hermanella, Hylister, Leentvaaria,
Needhamella, Perissophlebiodes, Massartella, Miroculis, Thraulodes, Traverellae Ulmeritoides (Leptophlebiidag) sao

descritas e ilustradas.

Palavras-chave: L eptophlebiidae, Atal ophlebiinae, neotrdpico, identificagéo, ninfas.
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1.Introducéo

A familia Leptophlebiidae (Ephemeroptera:
Leptophlebioidea) apresenta ampla distribuicéo
geogréfica, atingindo sua méaxima diversidade no
Hemisfério Sul. Grupo relativamente isolado, que retém
umasérie de caracteres considerados primitivos (Edmunds
Jreta. 1976), afamiliaéum dos elementos dominantes da
efemeropterofauna dos pequenos rios neotropicais, com
mais de cinqlienta géneros descritos para a regido, todos
pertencentesasubfamiliaAtal ophlebiinae.

A identificacdo dos géneros de Leptophlebiidae com
ocorréncia registrada na América do Sul é ainda
complicada, apesar da existéncia de boas chaves
taxondmicas para o grupo (e.g. Dominguez et al. 1992;
Dominguez et a. 2001), umavez que essas S0 carentesem
ilustracoes.

Dentre os caracteres mais Uteis naidentificacdo dos taxons
no estagio ninfal, destaca-se a morfologia das branquias
abdominais, cuja diversificagdo ndo encontra paralelo em
nenhuma outra familia de Ephemeroptera. Somente para
efeito de comparagdo, na familia Baetidae (também
bastante numerosa e diversificada no Neotrdpico)
praticamente todos os géneros descritos apresentam o
mesmo tipo morfol 6gico de branquia (cf. Edmunds Jr et al.
1976).

Com base em exemplares procedentes de diversas
localidades do Estado do Rio de Janeiro, foi possivel a
elaboracdo de um catélogo com os tipos de branquias dos
treze géneros de L eptophlebiidae que ocorrem na regido.
Tal catdlogo pode vir a se constituir em eficiente
ferramenta para estudos de cunho ecol égico ou faunistico,
facilitando aidentificag&o precisa dos géneros registrados
paraoscorposdeéguafluminenses.

2.Material eM étodos

A descricdo morfol 6gicados padrBes branquiaisfoi, nasua
maior parte, baseada em exemplares depositados na
Colecdo Entomolégica do Departamento de Zoologia,
Instituto de Biologia, Universidade Federa do Rio de
Janeiro (DZRJ), Rio de Janeiro, RJ (exceto quando
apontado no texto). Tal materia foi coletado por meio de
peneiras e pucas diversos, fixado e conservado em & cool
etilico a80%. A maior parte dos exemplares estudados é
proveniente de &reas remanescentes de Mata Atlantica do
Estado do Riode Janeiro.

Foram utilizados no presente estudo exemplares
procedentes dos seguintes municipios fluminenses
(localidadesentre parénteses ou col chetes): AngradosReis
[Bracui, Caputera, Ilha Grande (Abrado, Dois Rios,
Palmas, PraiaPreta)], Cachoeirasde Macacu (DuasPontes,
Japuiba, Santa Ménica), Comendador Levy Gasparian
(Mont Serrat), Guapimirim (Parque Nacional da Serrados
Orgaos), Itatiaia (FazendaAleluia, Maua, Parque Nacional
do Itatiaia), Japeri (Santana), Macaé (Sana), Magé
(Citrolandia), Mangaratiba (Fazenda Batatal, Reserva
Ecologica Rio das Pedras), Marica (Ubatiba), Miguel
Pereira (Conrado), Nova Friburgo (Alto do Cascatinha,
Caledbnia, Cardinot, Cascatinha, Lumiar, Mury, Reserva

Ecolégica Macaé de Cima, S50 Pedro da Serra), Pardti
(Estrada Parati-Cunha, Estrada Parati-Ubatuba),
Petropolis (Correias, Sitio Ribeirdo), Pirai (Rio Pirai), Rio
de Janeiro (Maria da Graca, Parque Naciona da Tijuca,
Reserva Trés Rios, Serra do Mendanha), Teresopolis
(Fazenda Vale da Revolta, Granja Guarani, Parque
Nacional da Serra dos Orgaos, Represa Guinle, Serrinha,
Subaio, Vieira).

3. Resultados

3.1GéneroAskolaPeters, 1969

Espécie estudada: A. froehlichi Peters, 1969 - branquias
arredondadas a ovaladas, com delgadas projecdes
divergentes, formando uma franja apical; traquéias bem
ramificadas, com aguns ramos prolongando-se pelas
franjas(Fig. 1).

3.2GéneroFarrodesPeters, 1971

Espécies estudadas: Farrodes carioca Dominguez,
Molineri & Peters, 1996, Farrodes spp. - branquias
lanceoladas, comtraquéiasrel ativamentelargas (Fig. 2).

3.3GéneroHagenulopsisUImer, 1920
Espécie estudada: Hagenulopsis sp. - branquiasfiliformes,
divergindo um pouco aémdabase (Fig. 3).

3.4GéneroHermanellaNeedham & Murphy, 1924
Espécie estudada: Hermanella sp. - branquias fusiformes,
com uma pequena projecao digitiforme partindo de uma
reentranciaapical; traquéiasdiscretas(Fig. 4).

3.5GéneroHylister Dominguez & Flowers, 1989
Espécie estudada: H. plaumanni Dominguez & Flowers,
1989 - brénquias alargadas, truncadas apicalmente, com 3 a
10projecBesdigitiformesdistais(Fig. 5).

3.6 Géner oL eentvaariaDemoulin, 1966
Espécieestudada: Leentvaaria sp. - branquias|anceoladas,
comtroncotraqueal principal largo ebemmarcado (Fig. 6).

3.7GéneroMassartellaL estage, 1930

Espécies estudadas: M. alegrettae Ulmer, 1920, M. brieni
(Lestage, 1924), Massartella spp. - brénquias ovaladas a
subquadrangulares, podendo apresentar uma delgada
projecéo apical; tronco traqueal ramificado, ndo retilineo,
tornando alamelaassimétrica(Fig. 7).

3.8GéneroMiroculisEdmundsJr, 1963

Espécies estudadas. M. froehlichi Savage & Peters, 1983,
Miroculis spp. - brénquias lanceoladas, com duas
expansdes laterais hialinas, que se estendem da base até
pouco maisdametade do comprimento branquial (Fig. 8).

3.9GéneroNeedhamellaDominguez & Flowers, 1989
Espécie estudada: Needhamella sp. - brénquias elipticas e
alongadas, com uma pequena projecdo digitiforme apical;
ramificagbesdastraquéiaspoucovisiveis(Fig. 9).
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Figuras 1-13: Lameladorsal de branquias de ninfas de L eptophl ebiidae ocorrentés no Estado do Rio de Janeiro: Figura 1, Askola. Figura 2, Farrodes.
Figura 3, Hagenulopsis. Figura 4, Hermanella. Figura 5, Hylister. Figura 6, Leentvaaria. Figura 7, Massartella. Figura 8, Miroculis. Figura 9,
Needhamella. Figura10, Perissophl ebiodes (adaptado de Savage 1982). Figura11, Thraulodes. Figura12, Traverella Figural3, Ulmeritoides.

3.10 Géner o Perissophlebiodes Savage, 1983

Segundo adescri¢do de P. flinti (Savage, 1982), de Savage
(1982) - branquias filiformes, longas, retilineas e muito
delgadas(Fig. 10).

3.11GéneroThraulodesUImer, 1920

Espécies estudadas: T. itatiajanus Traver & Edmunds Jr,
1967, Thraulodes spp. - branquias fusiformes a
lanceoladas, mais afiladas apicalmente; traquéias
geralmente bem marcadaseramificadas(Fig. 11).

3.12GéneroTraverellaEdmundsJr, 1948
Espécieestudada: Traverellasp. - branquias ovaladas, com
franjasconcentradasnametadeapical (Fig. 12).

3.13GéneroUlmeritoides Traver, 1959

Espécie estudada: Ulmeritoides sp. - branquias
arredondadas, com margens inteiramente franjadas;
traquéiaspoucovisiveis(Fig. 13).
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4. Discussdo

Dos mais de cinglienta géneros de Leptophlebiidae com
ocorréncia neotropical (cf. Savage 1987, Dominguez et al.
2001), 22 estdo atualmente registrados para o Brasil:
Askola, Farrodes, Fittkaulus Savage & Peters, 1978,
Hagenulopsis, Hermanella, Hermanellopsis Demoulin,
1955, Homothraulus Demoulin, 1955, Hydrosmilodon
Flowers & Dominguez, 1992, Hylister, Leentvaaria,
Massartella, Melanemerella Ulmer, 1920, Microphlebia
Savage & Peters, 1983, Miroculis, Needhamella,
Paramaka Savage & Dominguez, 1992,
Perissophlebiodes, Smothraulopsis Demoulin, 1966,
Thraulodes, Traverella, Ulmeritoides e Ulmeritus Traver,
1956 (Da-Silva2002).

Por sua vez, o Estado do Rio de Janeiro tem registrada a
ocorréncia de treze géneros (Farrodes, Hagenulopsis,
Hermanella, Hylister, Massartella, Perissophlebiodes,
Thraulodes, Askola, Leentvaaria, Miroculis,
Needhamella, Traverella e Ulmeritoides), sendo que os
seis Ultimos foram registrados recentemente (Da-Silva
1997, 2002). A despeito de suas dimensdes (apenas 44.268
km?’, ousgja, 0,52% do territério nacional), o Rio de Janeiro
€ 0 estado brasileiro com o maior nimero de géneros de
Leptophlebiidae registrados, seguido por Santa Catarina
(dez géneros), Parana (oito géneros), Para (sete géneros),
Amazonas, Minas Gerais e S80 Paulo (seis géneros cada).
Por regides, Sudeste, Sul, Norte, Centro-Oeste e Nordeste
apresentam, respectivamente, quatorze, treze, dez, trés e
doisgénerosde L eptophl ebiidaeregistrados.

Dos géneros de Leptophlebiidae ocorrentes no Estado do
Rio de Janeiro, seis (Hermanella, Hylister, Massartella,
Miroculis, Needhamella e Thraulodes) tém branquias
absolutamente conspicuas, facilmente identificaveis.
Outros trés, Askola, Traverella e Ulmeritoides,
apresentam branquias com margens franjadas, o que pode
confundi-las, embora uma observacdo mais cuidadosa
deixeclarosuasprincipaisdiferencas.

Os géneros Farrodes, Leentvaaria, Perissophlebiodes e
Hagenulopsis tém branquias semelhantes (alongadas e
delgadas), sendo dificil a sua distingdo. Segundo a
descricdo de Savage (1982), as branquias de
Perissophl ebiodes sdo mais del gadas e proporcional mente
mais longas. E a distingdo entre os demais deve ser
confirmada por outros caracteres, como a auséncia de
pterotecas posteriores em Hagenulopsis e a largura maior
ouigual dolabroemrelagdo acabecaem Leentvaaria (Da-
Silva 2002). Cumpre real¢ar que as expansdes laterais das
brénquias de Miroculis (presentes em todas as espécies
obtidasdo Rio de Janeiro) ndo sdo facilmente visualizadas,
posto que sdo hialinas, 0 que pode fazer com que o
observador menos atento venha a confundi-las com as de
outrosgéneros.
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Abstract — [Outcrossing rates of a natural population of Cryptocarya moschata Nees (Lauraceae)]. The mating
system of the canopy Brazilian Atlantic rain forest tree Cryptocarya moschata was studied at Parque Estadual Carlos
Botelho, S&0 Miguel Arcanjo, S8o Paulo, Brazil. Outcrossing rates were determined through electrophoretic allozyme
markers from seedlings germinated of seed cohorts collected from 35 trees. An indirect estimate of the outcrossing rate at

equilibrium gave amean of feq =0.51. Direct singlelocus and multilocus outcrossing rate estimateswere f g = 0.725+0.041
and {,, = 0.884 + 0.034, respectively, indicating a predominant outcrossing mating system. Individual trees outcrossing
rates ranged from 27 to 100 (X = 87.8) percent, from { ., calculated by holding the population pollen allele frequency

constant for each family. From Ritland’s “sibling-pair” model (correlated mating model), correlation of selfing (¢g) and

correlation of outcrossing paternity ( 7y ) were35.7% and 99.0%, respectively. Theseresults corroborate thefact that there

isvariation in selfing rates among different trees, but it may aso have indicated that when there isinbreeding, most seeds
inthetreesarelikely to befull-sibs.

Key words - allozymes, Lauraceae, mating system, Neotropics, Cryptocarya, Atlantic rain forest, Brazl

Resumo — [Taxas de cruzamento em uma populacéo natural de Cryptocarya moschata Nees (Lauraceae)]. O sistemade
cruzamento da espécie arbérea de dossel da Mata Atlantica brasileira, Cryptocarya moschata, foi estudado a partir de
material proveniente do Parque Estadual Carlos Botelho, S&o Miguel Arcanjo, S&o Paulo, Brasil. Astaxas de cruzamento
foram determinadas através de marcadores al ozimicos obtidos de plantul as germinadas de coortes de sementes col etadas

de 35 arvores. O valor médio dataxade cruzamento de equilibrio (estimador indireto) foi feq =0,51. Asestimativas dastaxas

de cruzamento uniloco e multilocos (estimadores diretos) foram f g =0,725+ 0,041 e {,,, = 0,884 + 0,034, respectivamente,
indicando um sistemade cruzamento predominantemente al ogamico. Astaxas de cruzamento de arvoresindividuaisvariaram
de27a100(x = 87,8) porcento, apartir de f ,, cal culado com asfreqgliéncias génicas de pdlen mantidas constantes ao nivel
populacional. A partir do modelo de“ par deirméos’ (modelo de cruzamento correl acionado) de Ritland, acorrelacdo entre

duas progénies irmas oriundas de autofecundagao ( ) e acorrelagdo entre duas progénies irmas oriundas de paternidade

por exocruzamento ( fp ) foram 35,7% e 99,0%, respectivamente. Esses resultados corroboram o fato de haver variagdo nas

taxas de autocruzamento entre as diferentes arvores, podendo também indicar que quando hdendogamia, amaior parte das
sementes nas arvores sdo provavel mente irmas-germanas.

Palavras-chave: alozimas, Lauraceae, sistema de cruzamento, Neotropico, Cryptocarya, Mata Atlantica, Brasil
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Introducéo

O tipo de sistema reprodutivo determina o modo
detransmissdo de genes de umageracdo aproxima(Brown
1989) o que faz, consequientemente, com que as
investigacbes sobre a dindmica da mudancga genética
estejam concernidas, direta ou indiretamente, com o
processo de cruzamento (Clegg 1980). Dessa forma, o
sistemareprodutivo ndo somente determinaas freqiiéncias
genotipicas em geragdes subseqiientes, mas também afeta
0s parémetros genéticos popul acionais, taiscomo, tamanho
devizinhanga, fluxo génico e selecdo (Hamrick 1990).

Os métodos tradicionais para a avaliagdo do
sistema reprodutivo de uma espécie baseiam-se na
observacdo de cruzamentos, do comportamento de agentes
polinizadores, no examedamorfologiafloral ederesultados
de experimentos control ados de polinizag&o. Esses métodos
podem prover indicagdes sobre o sistema reprodutivo de
uma espécie, mas ndo permitem uma medida direta do
sucesso reprodutivo de populagdes, sendo inadequados
paraaandise ao nivel populacional (Paivaet a. 1993, 1994).
Tradicionalmente, as taxas de cruzamento foram
investigadas pela andlise de progénies de plantas
possuindo marcadores morfol 6gicos conhecidos. Pela
substituicdo dos marcadores morfoldgicos pelos
marcadores bioquimicos, naformadeisoenzimas, astaxas
de cruzamento puderam ser estimadas mais efetivamente
do que pelos métodostradicionais (Bawa 1976).

A determinag8o das taxas de cruzamento em
populagdes naturaisfoi sempre limitada por variosfatores,
tais como: distanciairregular entre plantas, especialmente
em espécies arboreas, barreiras naturais entre plantas, a
dificuldade de seidentificar um bom marcador genético, ea
expressdo de dominanciaexibida, namaior parte dos casos,
por esses marcadores (Paiva et al. 1993, 1994). Contudo,
Ritland & Jain (1981) enfatizaram o poder eaversatilidade
das estimativas quando dados eletroforéticos séo
empregados, considerando-se que muitos locos
segregantes com alelos co-dominantes podem ser,
freglientemente, encontrados nas popul agdes.

Os estudos quantitativos dos sistemas
reprodutivos de espécies arbéreas tropicais estdo ainda
em consolidacdo (Murawski et a. 1994), no entanto, as
andlisesisoenzimaticas de progénies tém demonstrado que
0s sistemas reprodutivos de arvores tropicais abrangem
desde uma mistura de exocruzamento e autofecundacéo
até o exocruzamento predominante ou completo (O’ Malley
& Bawa 1987, O'Malley et al. 1988, Murawski et al. 1990,
Murawski & Hamrick 1991, 19923, 1992b, Murawski et al.
1994, Murawski & Bawa 1994, Hall et a. 1994, Stacy et al.
1996, Rocha& Lobo 1998).

Segundo Hamrick & Schnabel (1985), o
procedimento mais comumente utilizado para se estimar as

proporcdes de endogamia e alogamia em popul agdes de
plantas foi o modelo de cruzamento misto (Allard &
Workman 1963, Brown & Allard 1970). Em espécies de
cruzamento misto, as proporc¢des de alogamiae endogamia
determinariam aestrutura genética de suas popul agdes, que
se assemelhariam & estrutura genética de alégamas.
Contudo, uma vez gue as taxas de cruzamento poderiam
variar no tempo, devido a fatores como densidade
populacional ou comportamento de polinizador, geractes
ou classes de idade de espécies de cruzamento misto
poderiam ser geneticamente diferenciadas (Loveless &
Hamrick 1984).

Dentro do grupo de espécies arbdreas
hermafroditas, vérioslevantamentostém mostrado que uma
grande proporcao € composta por espécies auto-
incompativeis (Bawa 1974, Zapata & Kalin-Arroyo 1978,
Bullock 1985, Bawa et a. 1985), que aliada a porgéo de
espéciesdioicas parecemindicar que o sistemareprodutivo
predominante em espécies arbéreas tropicais € o de
exocruzamento. No entanto, a maioria das espécies que
foram incluidas nesses levantamentos é composta por
aquelas que ocorrem em altas densidades (Bawaet al. 1985).
A partir disso, Kageyama (1990) levantou a possibilidade
de que a freqliéncia de autocompatibilidade e também de
taxas de auto-polinizagdo podem ser maiores em espécies
gue sdo encontradas em baixas densidades.

O sistema de cruzamento de espécies
hermafroditas, em particul ar, € determinado tanto por fatores
genéticosinerentes (p.ex., grau de autocompatibilidade) e
por fatores ecoldgicos (p.ex., movimentagdo de
polinizadores, fenologia do florescimento, densidade
populacional), como apontado por Murawski & Hamrick
(1991).

De acordo com Moraes et al. (1999), a espécie
Cryptocarya moschata apresenta flores hermafroditas
pequenas, tendo como provaveis polinizadores pequenos
insetos, como moscas, pequenas abelhas, trips.
Adicionalmente, apresencade plantulas albinas e clordticas
encontradas na populagdo (PL.R. Moraes, dados n&o
publicados) permite se inferir a ocorréncia de endogamia,
com possibilidade de autofecundacdo (vide O’ Malley &
Bawa 1987), o que é corroborado pelapresencade arvores
isoladas reprodutivas. Ainda, a estimativa de taxas de
cruzamento em plantas é desgjavel porque o sistema de
reproducéo tem sido indicado como o principal fator a
influenciar a estrutura genética populacional (Hamrick &
Godt 1990). Com isso, 0 objetivo especifico deste trabalho
€ 0 de andlisar 0 sistema de reproducdo de Cryptocarya
moschata através da quantificagdo de suas taxas de
cruzamento aparente e multilocos, cujo modelo € o de
cruzamento misto.
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Material e Métodos

O material utilizado neste trabal ho constou defolhas,
tanto de plantulas como de arvores adultas de C. moschata,
cujacoletafoi efetuada em plantas individuais, no Parque
Estadual CarlosBotelho (PECB; 24944’ a24915'S, 47046’ a
48010' W), S30 Miguel Aracanjo, SP.

Para a andlise das progénies, coletou-se um dos
edfilosdo primeiro par emitido pelas plantulascomidadede
aproximadamente 10 meses apds a semeadura. Os edfilos
coletados foram imediatamente submetidos a extragéo de
isoenzimas e analisados imediata e subsegliientemente
através deeletroforese horizontal em gel deamido, conforme
descritoem Moraeset al. (1999, 2002).

Asarvores adultas maternastiveram a coletade pelo
menos um ramo foliar portador de folhas maduras, sendo
acondicionadas em sacos pléticos, que por sua vez foram
armazenados em cai xas deisopor com gelo para o transporte
até o laboratério. Umavez no laboratdrio, foram mantidos
em geladeira ([05°C) até suaextracdo e andlise eletroforética
apos aproximadamente dois diasem média.

Foram amostradas 141 &rvores adultas, distribuidas
a0 acaso, englobando individuos tanto agrupados como
isolados, ao longo do sistemadetrilhas disponiveisem uma
areade aproximadamente 647 ha. Destas, 86 &rvorestiveram
6.034 sementes coletadas e que foram germinadas em
canteiros de areia, para a obtencdo de plantulas, sendo que
houve agerminacdo de 1.174 sementes. No entanto, apenas
35 &rvores apresentaram um ndmero igual ou superior a20
progénies germinadas (= 35 familias), que foi 0 nimero
minimo estabel ecido paraainclusdo nas andlises. Todas as
35 arvores apresentaram-se agrupadas, ou com pelo menos
um individuo co-especifico distanciado ndo mais que 50
metros das mesmas. Adicionalmente, parafinscomparativos
e de discussao, os resultados referentes a trés amostragens
de populagdes de individuos juvenis (com seis anos de
idade e 20 individuos em cada uma) de C. moschata,
apresentadosem Moraeset al. (2002), também estardo sendo
aqui abordados.

A partir do emprego de marcadores al 0zimicos,
revelados pela el etroforese em gel de amido, realizou-se a
caracterizacdo genética das populacbes analisadas,
seguindo-se as recomendacdes de Kephart (1990) e Alfenas
etal. (1991), conforme apresentado em Moraeset al. (1999,
2002). Foram utilizados 16 locos polimérficos de cinco
sistemasisoenzimaticos, a saber: fosfatase alcalina (Alp-1,
Alp-3, Alp-4, Alp-5), catalase (Cat-1, Cat-2, Cat-3, Cat-4),
glutamato-oxal oacetato transaminase (Got-1, Got-2), peroxi-
dase (Per-1, Per-2, Per-3, Per-4, Per-5), e polifenol oxidase
(Ppo-4).

A taxa de cruzamento aparente, ou de equilibrio
(estimativa indireta), foi obtida a partir do método dos

momentos, através da estimativa do coeficiente de
endogamia (indice de fixacao; resultados apresentados em
Moraeset d. 2002), estimado diretamente paraas progénies.
Empregou-se arelacdo propostapor Wright (1921) eNel &
Syakudo (1958) entre ataxade cruzamento e aendogamia:
F= (1—feq )/(1+feq), ou feq = [-F)/f+ £ ). Essaformuia
assume que a Unica causa de endogamia na populacéo é
devida a autopolinizagéo e que as populagdes a cangaram
valoresdeequilibrio paraF.
Fez-se, também, a estimativa multilocos da taxa de

cruzamento ( tyy,), que éumaestimativadireta, obtidaapartir

do modelo de cruzamento misto proposto por Ritland &
Jain (1981), através dos métodos “ Expectation Maximiza-
tion” (EM) e“Newton-Raphson” (NR), paraamaximizacdo
da equacéo de verossimilhangca, empregando-se 0s
programas MLT (Ritland 1990) e MLTR v.1.1 (K. Ritland,
néo publicado). Obtiveram-se, também, aestimativadataxa

média de cruzamento unilocos populacional (ts) e o

coeficiente médio de endogamiadas &rvoresmaternas (g ).
O coeficiente médio de endogamiadas progéniesfoi obtido

atravésdarelagio F , = (1~ )/ (L+ 1), sendo comparado
a0 F dasérvoresmaternas. Asestimativas dasfrequéncias

délicasdepdlen( p) ededvulo () foramfeitaspelo méodo
EM. A adequacdo das estimativas ao model o de cruzamento
misto foi analisada através de um x2de contingéncia (El-
Kassaby & Ritland 1987), visto que o modelo de Ritland &
Jain esta baseado nas seguintes pressuposicoes. 1) todos
0s gencdtipos maternos tém uma mesma probabilidade de
cruzamento apartir de um conjunto polinico homogéneo; 2)
osaelosdelocos diferentes segregam independentemente;
3) cada alelo estd em Equilibrio de Hardy-Weinberg; 4) os
marcadores genéticos ndo sdo afetados por selecdo ou
mutacdo durante o tempo de reproducdo e de amostragem
das progénies.

A taxa média de cruzamento unilocos foi calculada
aravésdeumamédiadevarianciaminimadosvaloresde t

(unilocos) de cada loco. Essa taxa é calculada para ser

comparada com ataxamultilocos da populagdo (), pois,

quando ocorre endogamia devida ao cruzamento entre
individuos aparentados e/ou autofecundacéo, as estimativas
multilocos de t s@o esperadas ser maiores do que as
estimativas unilocos (Shaw & Allard 1981).

As diferencas entre frequiéncias aélicas de pdlen e
de 6vulo que contribuem ao conjunto génico das sementes
ou plantulas das diferentes arvores maternas foram testadas

através da estatistica x? onde x°=N Fgr(k—1) com (k -

1) graus de liberdade, onde N € o niUmero de gametas nos
dois grupos (polen e 6vulo), k é o nimero de alelos parao
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loco, e F, € a medida de diversidade genética entre
populacdes, tratando pdlen e 6vulo como populagdes
separadas (Murawski & Hamrick 1992a, Murawski et al.
1994). As frequéncias alélicas de pdlen foram obtidas
assumindo-se segregacdo Mendeliana normal dos alelos
maternos. Dessa forma, a contribuicdo materna de alelos
nas progénies foi subtraida dos gendtipos das progénies
paraaobtencdo dasfreqiiénciasalélicasde pdlen (Murawski
& Hamrick 19923).

Adicionalmente, a partir do programa MLTR,
estimaram-se os parémetros correlacionados ao sistema
reprodutivo, r_e Mo conforme Ritland (1989). Esse autor
apresentou um model o que denominou de*“ par deirmaos”’,
com uma abordagem paramétrica e que se baseou nas
probabilidades de pares de irméos paradescrever e estimar
as correlacBes entre irmaos oriundos de autofecundacéo e
de exocruzamento. Esse model 0 assentou-se no fato de que
pelaamostragem de duas progénies oriundas de umamesma
mae, em uma populacdo parcialmente endogamica, estas
poderiam ser ambas autof ecundadas, uma autofecundada e
outraexocruzada, ou ambas exocruzadas. Em relagdo aessas
trés classes, poderia haver um excesso de pares de irméaos,
ambos por autofecundac@o, em relac@o as expectativas
devidas a0 acaso, ou uma correlacéo entre os dois irmaos
oriundos de autofecundacdo. Além disso, se cruzamentos
sucessivos ndo fossem aleatdrios, os pares de irmaos, am-
bos por exocruzamento, poderiam ser divididosentre aqueles
gue compartilhassem o mesmo parental masculino versus
aquelescom diferentes parentais (Ritland 1989). Destaforma,
0 parametro denominado r, seria a correlagdo entre dois
irmé&os oriundos de autofecundacdo (o que seriadado pela
covariancia de autofecundacéo dividida por §[1 - 5], onde s
seriaataxa de autofecundagdo), indicando a correlagéo de
autocruzamento dentro das progénies. Por sua vez, o
parametro denominador_seriaacorrelagdo entredoisirmaos
com paternidade devida a exocruzamento, ou a propor¢éo
deirmaos germanos entre 0sirmaos exocruzados.

O parémetro de correlacdo a partir de paternidade
oriunda de cruzamento, r (a correlagdo entre gendtipos
paternos), foi estimado apartir def (correlagdo entre gametas

paternos), da seguinte maneira f, = [2/@+ If)Jf , onde F

era o coeficiente de endogamia dos parentais masculinos.
Assumiu-se que o F paterno eraigual ao F materno, o que
foi uma pressuposi¢cdo mais adequada para as espécies
hermafroditas do que paraasdidicas (Ritland 1989).

Em todas as andlises realizadas, as varidncias das
estimativas foram obtidas empregando-se 1.000 “boot-
straps’, onde a unidade de reamostragem foi obtida entre
as familias, no caso de estimativa populacional, ou de
individuos dentro das familias, no caso de estimativa para
familiasindividuais.

Resultados e Discussao

A endogamia existente em uma espécie apresenta-se
intimamente rel aci onada ao sistemareprodutivo damesma.
Dessa forma, a taxa de cruzamento, ou percentual da
alogamia, pode ser estimadaapartir dosniveisdeendogamia
existentes. Nesse sentido, um primeiro aspecto a ser
observado € a existéncia, ou ndo, de desvios do equilibrio
de panmixia, estimando-se posteriormente a taxa de
Cruzamento.

Moraes et al. (2002) testaram a aderéncia das
freqliéncias genotipicas ao equilibrio de panmixia, para o
presente conjunto de dados das 35 familias de plantulas, e
encontraram que todos os locos analisados apresentavam-
se em desequilibrio de Hardy-Weinberg. Para a populagéo
deé&rvoresadultas maternas, oito dos 16 |ocos apresentaram-
se em desequilibrio, sendo que as sub-populacbes de
individuosjuvenis apresentaram-se com trés aquatro locos
emdesequilibrio.

A taxade cruzamento aparente ( feq ), obtida a partir

do indice defixagZo ( F(s) = 0,326; Moraeset al. 2002) das

progénies, foi de 0,51, tomando-se todas as familias
conjuntamente como uma Unica “populagdo”, indicando a
existéncia de um componente significativo de endogamia.
Por outrolado, o valor obtido dataxade cruzamento aparente

paraapopulagdo deindividuos adultosfoi de 0,96 ( (| S) =

0,018; Moraes et al. 2002), indicando que a espécie é
preponderantemente aldgama. As trés sub-populacdes de
individuosjuvenisdo PECB apresentaram indicesdefixacdo
de0,085, -0,150 e-0,067 (Moraeset al. 2002), resultando em
taxas de cruzamento aparente de 0,84, 1,35 e 1,14,
respectivamente, com um valor médio de 1,11, indicando
alogamia completa. Os valores obtidos acima de 1,0, que
s80 “biologicamenteinaceitavels’ (Cheliak et al. 1983), ndo
s80 devidos a efeitos de Wahlund, ou necessariamente pela
invalidagdo do modelo de cruzamento misto. Duas causas
principaispodem ser responsavels: 1) efeitosde amostragem
dentro do contexto de um model o de cruzamento misto; e 2)
cruzamentos ndo preferenciais (Brown et al. 1985).

A diferencaconsideravel entre astaxasde cruzamento
aparente de progénies (51%), juvenis (=100%) e adultos
(96%) pode ser causada por doisfatores. O primeiro devido
a diferencas encontradas em diferentes anos. Sob essa
hip6tese, o fato de que as progénies apresentaram a menor
taxa de cruzamento poderia ser uma mera coincidéncia. O
segundo fator poderia ser uma vantagem diferencial de
individuos oriundos de sementes autofecundadas vs.
sementes de exocruzamento. O presente trabalho n&o
discriminou esses fatores. Contudo, a segunda hipétese de
taxade cruzamento constante, mas com umamaior vantagem
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de individuos originados de sementes exocruzadas, requer
gue essavantagem de viabilidade sgjarel ativamente grande
(Moran & Brown 1980). Seisso for verdade, paraasituacéo
do presente trabalho, as diferencas encontradas para as
taxas de cruzamento entre as diferentes classes de idade
podem ser resultantes de sele¢do contra os individuos
oriundos de sementes endogamicas.

Usua mente, aestimativadastaxas de cruzamento de
populagdes e, conseqlientemente, de espécies € obtida a
partir dos dados de progénies por representarem a fase de
vidadaplantamais préximados zigotos, o quefaz com que
haja uma investigacdo desse parametro sem os efeitos das
possiveis pressdes seletivas que as populacdes estariam
sofrendo ao longo de seu ciclo de vida. Com isso, assume-
se que nessa fase do ciclo de vida das espécies ndo haveria
selecdo ou que essa seria minima. Porém, estudos tedricos
(Fisher 1941, Jain & Workman 1967) tém mostrado que o
surgimento de um gene na populacdo, que permita a
ocorréncia de autofertilidade, apresenta uma vantagem
adaptativa imediata. A menos que essa vantagem seja
contrapostapor selecdo favoravel aos heterozigotos, espera-
se que a populacdo evolua para a autopolinizacdo. Dessa
forma, as diferencas encontradas entre as estimativas das
taxasde cruzamento paraastrésfasesdo ciclodevidade C.
moschata (progénies, juvenis e adultos) poderiam estar
relacionadas & selegcdo favorével aos heterozigotos. 1sso
corrobora o fato da populacéo de progénies do PECB ter
apresentado um déficit significativo de heterozigotos,
enguanto as demais de juvenis e de adultos apresentaram
uma heterozigosidade média dentro do esperado pelas
proporcdes de Hardy-Weinberg (Moraeset al. 2002). Assim
sendo, tem-se que afase de plantulas (progénies) éindicativa
do potencial genético que a populacdo podera vir a ser
(excluindo-se os efeitos de selecéo e deriva), porém, € na
fase de individuos adultos, reprodutiva e efetivamente
estabel ecidos, que real mente se manifestariam os parémetros
reprodutivos e genéticos reais (P.S. Martins, comunicagéo
pessoal).

Através do procedimento multilocos, o valor de

para as arvores maternas, pelo método NR, foi
significativamente negativo (-0,266), indicando que a
propor¢ao de gendtipos maternos heterozigotos é maior que
0 esperado sob cruzamentos aleatérios. Adicionalmente,
estevaor -0,266 foi significativamentemenor queo g obtido
apartir das progénies (0,057). Essesresultadosindicam que
pode haver uma consideravel selecéo contra as progénies
oriundas de autofecundacdo em C. moschata, entre o tempo
de dispersdo dos didsporos e a maturacao reprodutiva dos
individuos recrutados a fase adulta, como indicado por
Murawski et al. (1994).

Natabela 1, as estimativas das freqiiéncias alélicas
atribuidasapolen e 6vulo de 35 familias de C. moschata séo
apresentadas, bem como os testes x2 de heterogeneidades

das duas freqliéncias contribuindo ao conjunto génico de
sementes, e as estimativas dos parémetros reprodutivos F,
t,t,rer. O x?*deaderéncia ao modelo foi significativo
parall dos 16 locospolimoérficosanalizadosem C. moschata.
Um dos fatores preponderantes para a ocorréncia de x?
significativos, para o teste de adequacdo ao modelo de
cruzamento misto, sdo os cruzamentos preferenciais (Ritland
& El-Kassaby 1985). Os locos significativos foram
eliminados e o programafoi rodado novamente, sendo que
nem ataxade cruzamento, nem os demais parametrosforam
notavel mente alterados. Damesmaforma, apenas 12 das 35
familiasanalizadas mostraram-se satisfatorias, com asdemais

apresentando valores fy, convergindo para 2,0 através do

método NR. Isto deve-se a falha do modelo ao deparar-se
com multiplos gendtipos maternos heterozigotos, néo os
discriminando de cruzamentos ndo preferenciais per se
(Cheliak et al. 1983, Brown et a. 1985, Boshier et al. 1995).
Com isto, no presente trabalho, séo apresentados os
resultados para o conjunto completo dos dados, que sdo
discutidos a partir dagueles obtidos pelo método EM, que
assegurou a convergéncia e € o mais indicado para as
peculiaridades de violagBes dos pressupostos do modelo,
apresentadas pelos dados analisados. Pelos dois métodos
demaximizag&o daequacdo deverossimilhanca, EM eNR, a
populacdo mostrou-se com um sistema reprodutivo
predominantemente al ogamico, com taxas de cruzamento

multilocos (tm) de 0,884 + 0,034 e 0,892 + 0,034,

respectivamente. Esses dois métodos ndo deveriam dar
estimativas diferentes dos parémetros. Porém, como o valor

maximo de £ néo foi superior a0,1, o método EM truncou

o valor de g a zero. Quaisquer diferencas entre esses

métodos sdo devidas a natureza aproximativa dos dois
procedimentos de iteracéo numérica, pois ha sempre uma
peguena aleatoriedade em onde terminam as iteragoes (K.
Ritland, comunicagéo pessoal).

A diferencasignificativaencontradaentre f y, (0,884)

e feq (0,51) pode ser devidaaumaoutrafonte deendogamia

(p. ex., cruzamentos entre aparentados independentes da
distancia entre os individuos) além da autopolinizacéo
(Pérez-Nasser et al. 1993). Adicionalmente, trabalhos com
simulagdes em computador tém mostrado que as estimativas
dataxade cruzamento aparente apresentam um viés negativo,
produzindo subestimativas do valor real da taxa de
cruzamento (M.S. Rei's, dados nédo publicados).

As freqiéncias de pdlen e de 6vulos diferiram
significativamente umas das outras para todos os locos,
com excegdo de Alp-5, Cat-2, Cat-3, Cat-4, e Per-1. Essa
violagdo da pressuposicao de equivaléncia de freqiéncias
aélicas de pdlen recebido pelas arvores maternas tem um
efeito ndo mensuravel, mas relativamente pequeno sobre a

http://www.bi otaneotropica.org.br


http://www.biotaneotropica.org.br
http://www.scielo.br/scielo.php?script=sci_abstract&pid=S0100-84041999000500004&lng=en&nrm=iso

Moraes, P. L. R. e Monteiro, R. - Biota Neotropica, v2 (n2) - BN01102022002 6

I E—
Loco N Alelo Poélen (EP) Ovulo (EP) For X2
Alp-1 692 1 0,247 (0,047) 0,343 (0,038)
2 0,753 (0,047) 0,657 (0,038) 0,011 7,666**
Alp-3 692 1 0,875 (0,056) 0,714 (0,051)
2 0,125 (0,056) 0,286 (0,051) 0,039 27,472%%*
Alp-4 692 1 0,998 (0,000) 0,871 (0,037)
2 0,002 (0,000) 0,129 (0,037) 0,066 45,586***
Alp-5 692 1 0,002 (0,000) 0,014 (0,000)
2 0,998 (0,000) 0,986 (0,000) 0,004 3,114
Cat-1 413 1 0,296 (0,091) 0,514 (0,050)
2 0,704 (0,091) 0,486 (0,050) 0,049 20,362***
Cat-2 668 1 0,652 (0,072) 0,657 (0,056)
2 0,348(0,072) 0,343 (0,056) 0,000027 0,018
Cat-3 692 1 0,452 (0,074) 0,400 (0,041)
2 0,548 (0,074) 0,600 (0,041) 0,003 1,913
Cat-4 692 1 0,860 (0,031) 0,886 (0,037)
2 0,140 (0,031) 0,114 (0,037) 0,001 1,055
Got-1 692 1 0,798 (0,025) 0,657 (0,053)
2 0,068 (0,016) 0,086 (0,037)
3 0,135 (0,027) 0,257 (0,045) 0,020 28,439%**
Got-2 692 1 0,381 (0,037) 0,414 (0,042)
2 0,229 (0,036) 0,129 (0,046)
3 0,390 (0,038) 0,457 (0,054) 0,006 8,547+
Per-1 679 1 0,597 (0,086) 0,643 (0,067)
2 0,403 (0,086) 0,357 (0,067) 0,002 1,524
Per-2 692 1 0,455 (0,090) 0,686 (0,048)
2 0,545 (0,090) 0,314 (0,048) 0,054 37,675%**
Per-3 692 1 0,795 (0,070) 0,643 (0,053)
2 0,205 (0,070) 0,357 (0,053) 0,028 19,783+ **
Per-4 692 1 0,068 (0,019) 0,100 (0,034)
2 0,765 (0,042) 0,671 (0,047)
3 0,167 (0,036) 0,229 (0,043) 0,008 10,820**
Per-5 692 1 0,282 (0,043) 0,414 (0,032)
2 0,718 (0,043) 0,586 (0,032) 0,019 13,285%**
Ppo-4 692 1 0,558 (0,068) 0,343 (0,039)
2 0,442 (0,068) 0,657 (0,039) 0,047 32,304***
EM NR
E 0,000 (0,000) -0,266 (0,069)
tm 0,884 (0,034) 0,892 (0,034)
fs 0,725(0,041) 0,686 (0,048)
fm s 0,159 (0,027) 0,206 (0,032)
s 0,357 (0,063) 0,641 (0,118)
fp 0,990 (0,015) 0,990 (0,006)

|f =coeficiente médio de endogamia uniloco (variancia minima) para as maes, t m =taxa de cruzamento multilocos populacional; t s —taxa

média de cruzamento unilocos populacional (variancia minima); [s=correlacéo entre duas progénies irméas oriundas de autofecundagio
(variag8o normalizada da taxa de cruzamento entre as progénies); fp =correlagdo entre duas progénies irmas oriundas de paternidade por
exocruzamento (probabilidade de que um par de progénies escolhidas ao acaso de uma mesma familia sdo irmas-germanas). EM = método
“Expectation-Maximization”; NR = método “Newton-Raphson” de maximizagdo da equagao de verossimilhanca. *p<0,05; **p<0,01;
***n<0,001. Testes )(2 para heterogeneidade onde )(2 =N ﬁgr (k - 1) com k -1 graus de liberdade, onde |fs-|- € a medida de diversidade
genética entre os conjuntos de polen e 6vulo, N é o nimero de gametas nos dois grupos e k € o nimero de aelos.

Tabela 1: Estimativas das frequéncias alélicas atribuidas a pdlen e 6vulo, calculadas separadamente, de 35 familias de Cryptocarya
moschata Nees, e testes de x? de heterogeneidades das duas freqiiéncias contribuindo ao conjunto génico de plantulas. Estimativas dos
parémetros reprodutivos F, t , t, re My Erro padréo entre parénteses; N = nimero de individuos.

m s’ s
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estimativa da taxa de cruzamento popul acional verdadeira
(Ritland & Jain 1981). Essa heterogeneidade encontrada
pode ser causada por fatores como estrutura familiar,
padr&es de florescimento diferenciado entre osindividuos,
ou qualquer fator que cause variagdo no comportamento
dos polinizadores nas diferentes arvores, tais como mudanga
na producéo de néctar, grau de isolamento dos individuos,
diferencas no tempo de florescimento dos individuos,
diferencafuncional daflor, como macho ou fémea, entre os
individuos, pdlenimigrante deforadapopulagdo amostrada,
ou a partir de uma amostra ndo representativa das arvores
maternasdapopulacéo (Murawski & Hamrick 1991, 1992b).
Essaltimaalternativaenquadra-se no presente estudo, uma
vez queforam analisadas 35 das 141 arvores de C. moschata
amostradas na populagéo, sendo que a densidade estimada
foi de 12 individuosreprodutivos por hectare (Moraeset al.
1999). Essesresultados sdo indicadores, também, de padrdes
de cruzamento ndo aleatdrio dentro da populagéo estudada
do PECB.

A diferencaentre fy, e fg foi significativa, indicando
haver endogamia biparental em torno de 16%. Devido as
possiveisviolacdes do model o de cruzamento misto (Brown
et al. 1985), aestimativamaisrealistadataxade cruzamento
€ a de multilocos, por ser mais robusta e precisa (Ritland
1990). Contudo, as simulagdes feitas por Ritland & Jain
(1981) mostraram a permanénciade estimativas viesadas de
autofecundacgé@o quando poucos locos foram utilizados,
sugerindo que um método mais direto torna-se necessério
para se estimar a propor¢do de endogamia causada por
cruzamentos endogamicos. Um método dessa natureza
seriam as estimativas multilocos conjuntas det e p para as
arvores individuais (Ritland & El-Kassaby 1985),
apresentado natabela 2.

Hadois procedimentos parase obter estas estimativas
de cada &vore: 1) estimando-se apenas t, mantendo-se p
constante ao nivel populacional; 2) estimando-se t e p
conjuntamente. A estimativamédia de t usando o primeiro
procedimento foi 0,878, enquanto que pelo segundo foi
0,973, relativamente maior do que a encontrada para a
popul agao.

As estimativas multilocos conjuntas det e p tendem
produzir: 1) estimativas det que excluem endogamiaefetiva
causada por cruzamento entre parentes mais distantes; e 2)
estimativas de p que incluem pdlen de cruzamentos
endogéamicos (p.ex., pdlen relacionado aplantamée, Ritland
& Ganders 1985). Porém, apenas 0 componente feminino do
cruzamento foi medido. Quando apenas o valor de t foi
medido paracadaarvore, aestimativamédiaparaasérvores
permaneceu semelhante a obtida para a populacgéo,
provavelmente pelas estimativas de t aindaincluirem uma
“endogamiaefetiva’ (termo designado por Ritland [1984]
para incluir tanto a autofecundac&o, como o cruzamento
entre os individuos aparentados) causada pelacovariancia

a b

N fm (£SE) £ (£SE)
Popul agéo 692 0,893 (0,033) 0,885 (0,035)
Arvores
091 20 1,00 (0,00) 1,00 (0,00)
136 20 0,51 (0,11) 0,65 (0,19)
138 20 0,63 (0,11) 0,95 (0,05)
139 20 1,00 (0,03) 1,00 (0,00)
156 20 0,72 (0,14) 1,00 (0,00)
164 20 0,88 (0,09) 1,00 (0,00)
167 20 0,85 (0,12) 1,00 (0,00)
230 20 0,95 (0,07) 1,00 (0,00)
232 20 0,82 (0,13) 1,00 (0,00)
237 20 0,90 (0,00) 0,90 (0,00)
239 20 0,92 (0,06) 1,00 (0,00)
240 20 0,59 (0,14) 1,00 (0,00)
241 20 1,00 (0,00) 1,00 (0,00)
243 20 1,00 (0,00) 1,00 (0,00)
244 20 0,90 (0,00) 0,90 (0,00)
247 20 0,99 (0,00) 0,99 (0,00)
252 20 0,99 (0,00) 0,99 (0,00)
256 20 1,00 (0,00) 1,00 (0,00)
258 20 0,89 (0,08) 1,00 (0,00)
260 20 0,27 (0,12) 1,00 (0,00)
261 20 0,82 (0,09) 0,95 (0,06)
263 20 1,00 (0,00) 1,00 (0,00)
270 20 0,57 (0,12) 0,84 (0,14)
275 20 1,00 (0,00) 1,00 (0,00)
295 16 1,00 (0,00) 1,00 (0,00)
296 20 1,00 (0,00) 1,00 (0,00)
297 20 0,90 (0,00) 0,90 (0,00)
298 20 1,00 (0,00) 1,00 (0,00)
309 20 0,78 (0,14) 1,00 (0,00)
310 20 1,00 (0,00) 1,00 (0,00)
313 20 1,00 (0,00) 1,00 (0,00)
318 20 0,97 (0,05) 1,00 (0,00)
319 20 1,00 (0,00) 1,00 (0,00)
320 16 1,00 (0,00) 1,00 (0,00)
321 20 0,88 (0,09) 1,00 (0,00)
MEDIA 0,878 0,973

a=célculos de { m Para avores individuais com as freqliéncias génicas
de pélen mantidas constantes ao nivel populacional; "=cdlculos de
tm para érvores individuais com os valores de t e [P estimados

conjuntamente; erros padrdes obtidos a partir de 1.000 bootstraps.

Tabela 2: Taxas de cruzamento multilocos populacional e de
arvores individuais de Cryptocarya moschata Nees amostradas no
PECB.

dasfreqiiéncias al élicas de pdlen com o gendtipo materno.
Por outro lado, quando t e p foram estimados
conjuntamente para as &rvores individuais, a estimativa
meédia foi de 0,973, indicando auséncia quase total de
endogamia. 1sso sugere que adiferenca entre a estimativa
populacional e a média de &rvores individuais € causada
por cruzamentos endogamicos.

A correlacdo entre dois irm&os de paternidade por
exocruzamento foi em torno de 99%. Como estas progénies
s8o oriundas de flores polinizadas em diferentes dias, essa
correlacdo é provével de ser originada de cruzamentos de
um pequeno conjunto de vizinhos proximos. Se houver n
vizinhos proximos e cada um tiver amesma probabilidade
de ser o parental masculino, com 0s cruzamentos
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consecutivos sendo independentes (envolvendo visitas
separadas dos polinizadores), entdo a probabilidade de um
mesmo vizinho se acasalar duasvezesé 1/n (Ritland 1989).
Dessaforma, paraC. moschata, o cruzamento aleatério com
um Unico vizinho proximo poderiaresultar nessacorrel agéo
observada de 99% de irm&os germanos. Por outro lado,
cercade 35,7% da endogamia ef etiva encontrada pode ser
explicada pelaautopolinizagéo das &rvores, como indicado

por rs.

Como apontado por Ritland (1989), pela adocdo de
pares de irm&os como unidade observacional, dois
componentes adicionais do sistema reprodutivo podem ser
identificados: acorrelagdo de autofecundacéo eacorrelacéo
de paternidade por exocruzamento, sendo ambas as
correl agdes necessarias paraadeterminacdo das correl agbes
genéticas dos mesmos. Em contraposi ¢&o, se a preocupacéo
for apenas com amodificacdo geradoradahomozigosidade
populacional, a taxa de cruzamento por si sO é suficiente
para a descri¢do da transmisséo genética na popul agéo.
Essas correl agBes servem como indicadores davariacéo nas
frequiéncias de polen recebido por cadaplanta, edavariacdo
na taxa de autocruzamento. 1sso é esperado ocorrer em
populacdes naturais, onde as arvores diferem em seus
periodos deflorescimento, grau deisolamento e composi¢céo
de espécies, bem como no comportamento dos polinizadores
gueasvisitam (Rocha& Lobo 1998).

O valor encontrado dataxade cruzamento multilocos
para a populacdo de C. moschata do PECB, 0,884, é
comparavel as estimativas registradas de populacdes de
espécies arboéreas neotropicais (O'Malley & Bawa 1987,
O'Malley et a. 1988, Murawski & Hamrick 1991, 1992b,
Murawski et a. 1994). O fato de espécies como C. moschata
apresentarem um pequeno grau de endogamia em
populacdes naturais manifesta a questao de quais
mecanismos favoreceriam esse fendmeno e preveniriam a
evolucdo de um sistema reprodutivo predominantemente
autégamo, como apontado por Brown et al. (1975).
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