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Abstract: Dinoflagellates of the genus Ceratium are chiefly marine but there are rare occurrences in freshwater. In
this study we analyze the invasion and progressive establishment of Ceratium furcoides, an exotic species, in the
Furnas Reservoir. Samples were taken at 36 points in the reservoir, during the months of March, June, September
and December, 2007. Measurements of some physical and chemical variables were simultaneously performed
at each site. The occurrence of C. furcoides was registered at 20 sites, with densities varying between 0.57 and
28,564,913.0 ind.m™. Blooms of this species were recorded in points which were classified as mesotrophic,
coinciding with the places receiving high amounts of untreated domestic sewage. C. furcoides density was correlated
with temperature, nutrients (nitrate and nitrite) and water electric conductivity. The highest density was recorded
in June when temperature was low. The presence of Ceratium furcoides in the reservoir apparently has not yet
affected the reservoir water quality or other plankton communities. However, if it becomes fully established it
could perhaps become a problem in the reservoir or even to spread out to other reservoirs in Rio Grande basin.
Keywords: invasive species, algal blooms, eutrophication, reservoir ecology.

SILVA, L.C., LEONE, I.C., SANTOS-WISNIEWSKI, M.J., PERET, A.C. & ROCHA, O. Invasiao
do dinoflagelado Ceratium furcoides (Levander) Langhans 1925 em um reservatorio tropical e sua
relacdo com as variaveis ambientais. Biota Neotrop. 12(2): http://www.biotaneotropica.org.br/v12n2/pt/
abstract?article+bn019120220112

Resumo: Dinoflagelados do género Ceratium sao principalmente marinhos, porém existem raras ocorréncias em
dgua doce. Neste estudo analisamos a invasio e o estabelecimento progressivo de Ceratium furcoides, uma espécie
exotica no reservatério da UHE de Furnas. Foram coletadas amostras em 36 locais em todo o reservatdrio durante
os meses de margo, junho, setembro e dezembro de 2007. Varidveis fisicas e quimicas foram aferidas em
cada local. C. furcoides ocorreu em 20 dos 36 pontos de coleta, em densidades que variaram entre 0.57
¢28.564.913 ind.m>. A maior densidade da espécie foi registrada na regiao do rio Marimbondo (G14) classificada
como mesotréfica e local onde alto volume de esgoto doméstico sem tratamento ¢ langado diariamente. A
densidade de C. furcoides foi correlacionada com os valores de temperatura, nutrientes dissolvidos (nitrato e
nitrito) e com a condutividade elétrica. Até o0 momento do presente estudo, a presenga de Ceratium furcoides
no reservatério aparentemente nio afetou as condi¢cdes ambientais ou outras comunidades, porém, ao se tornar
plenamente estabelecida podera se transformar em um risco ecoldgico e até mesmo espalhar-se para outras bacias.
Palavras-chave: espécie invasora, blooms algais, eutrofizacdo, ecologia de reservatorios.
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Introduction

The introduction of exotic species into natural habitats is one
of the most serious problems facing communities and endemic
species, as it can change irreversibly the ecological functioning of the
ecosystems involved (Simberloff 1996). The gravest of these would
be the local extinction of native species caused chiefly by strong
competition and predation (Baskin 1994). The competitive pressure
of introduced species and their consumption of members of native
populations can modify the local species composition and the long-
term effects depend on the particular response of each community
(Delariva & Agostinho 1999).

Freshwater habitats are especially prone to invasion by exotic
species, as their dispersion through the natural environment is
strongly aided by the flow of water. Aquaculture is nowadays
considered one of the main activities by which exotic species have
been introduced in many new habitats and countries (Delariva &
Agostinho 1999). Moreover, in aquatic environments usually the
introduction of species occurs by microscopic organisms, whose
invasions are poorly understood, and its impact on the environment
is probably underestimated. The invasion and spread of non-native
species of many different kinds of organisms is of increasing interest
to researchers (Kastovsky et al. 2010).

Species of this genus Ceratium have been considered invasive
in freshwaters of several countries. According to Mac Donagh et al.
(2005), surtace blooms created by dinoflagellates of the genus have
been seen in tropical reservoirs only recently. For this reason, studies
on the temporal and spatial dynamics of the species and how this
relates to the conditions in tropical systems are still rare. Blooms of
these organisms have been reported in some reservoirs, associated
with environmental changes such as decreasing nutrient levels and
dissolved oxygen concentration. The changes triggered by Ceratium
spp. blooms can lead to mass death among fish, as recorded in
Thailand and Japan (Taylor et al. 1995), or among invertebrates, as
seen in Mexico (Landsberg 2002, Hallengraeff et al. 1995).

Ceratium furcoides was recently recorded for the first time in
Brazilian freshwaters at Furnas reservoir in Minas Gerais state by
Santos-Wisniewski et al. (2007). After this, a bloom of Ceratium
furcoides was reported in the eutrophic Billings Reservoir, Sdo Paulo
city, by Matsumura-Tundisi et al. (2010) and the authors suggested
that this occurrence was related to the intense process of mixing which
might have caused a sharp increase in the phosphorus content in the
water column and hence favoring the rapid blooming of this algae.

In this study we investigate the hypothesis that the invasion and
establishment of Ceratium furcoides in the Furnas Reservoir is related
to the eutrophication, so that its greatest abundances occur in areas
with highest concentrations of nutrients.

The main objective of this study was to determine if C. furcoides
is already fully established in the reservoir and to analyze if its
occurrence is related to other changes in reservoir water quality.

Material and Methods

1. Study area

The Furnas reservoir is located in the Rio Grande river basin at
the southern part of Minas Gerais State, Brazil. The reservoir extends
along parts of the Rio Grande River and several of its tributaries, with
amaximum length of 220 km, total perimeter 3,500 km, flooded area
1,440 km?, total volume 22.95 billion m?and a residence time around
160 days. The maximum depth (near the dam) is 90 m and the average
depth 13 m (Furnas UHE report 2004). This is the largest reservoir
in southeast Brazil and consists of two great arms, River Grande
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and River Sapucai. The dam lies some kilometers downstream of
the confluence of the two arms, between the districts of Sdo José da
Barra and Sao Jodo Batista (Del Aguila 2001).

As the reservoir is constituted by two different drainage basins,
it has some quite distinctive features. The River Grande drains soils
characteristic of a sand stone plateau of infertile land with extensive
cattle-raising. By contrast, the Sapucai River drains the water from
soils used for intensive agriculture and pasture, especially intensive
cultivation of coffee, potatoes, sugarcane, sweet corn, oranges and
soya (Pinto-Coelho & Corgosinho 1998).

Parts of the Furnas reservoir are already undergoing a process of
eutrophication, near the districts of Alfenas, Boa Esperanca, Carmo
do Rio Claro, Fama and Paraguagu, in which untreated domestic
sewage is discharged directly into the water. In the Fama region of
the Sapucai compartment, some sites are eutrophic, with excessive
growth of cyanobacteria in one of its tributaries, the Machado River
(Sa et al. 1996).

2. Sampling

Collections were made at three-month intervals, in March, June,
September and December, 2007, at 36 sites scattered throughout the
Furnas reservoir, including the central body of water and each of the
main arms formed in the Grande and Sapucai sub-basins. Up to now
this is the first study covering the whole reservoir with such a large
number of sampling points. At each site, the plankton was sampled
and physical and chemical variables were tested, in both the limnetic
and littoral zones (Figure 1).

The temperature (°C) and dissolved oxygen concentration
(mg/L) in the water were measured in situ up and down the water
column, each half meter, by means of a Yellow Springs YSI 30 analog
thermistor-oxymeter. The electrical conductivity was measured with
a Field conductivity meter (Cole Parmer 19820-10) and the pH with a
field pH-meter (Cole Parmer 59002-00). Nutrient concentrations and
chlorophyll-a concentrations were determined in the surface, middle
and bottom layer. The techniques described by Mackereth et al. (1978)
(total N, nitrate and nitrite) and Golterman et al. (1978) (total P and
ortophosphate) were followed. Reactive silicate was analyzed by
the method described in Golterman et al. (1978). The chlorophyll-a
concentration was estimated by acetone extraction, employing the
technique described by Lorenzen (1967). Transparency (m) of the
water was determined with a Secchi disk.

Carlson’s trophic state index (TSI), modified by Toledo et al.
(1983), was calculated from the observed total P, chlorophyll-a and
Secchi disk results. The trophic state was classified on the following
basis: oligotrophic for TSI < 44; mesotrophic for TSI = 44 — 54;
eutrophic for TSI > 54.

Vertical hauls in the entire water column using plankton net of 68
um mesh size were carried out to collect plankton in the entire water
column. Samples were fixed in 4% formaldehyde solution and stored
in polyethylene flasks. The species were checked for taxonomical
identification under high magnification microscope of the Zeiss®.

The Ceratium furcoides was identified according to Santos-
Wisniewski et al. (2007). It is a member of the family Ceratiaceae and
Class Dinophyceae and morphologically close to the species Ceratium
hirundinella (D.F. Miiller) Dujardin 1841 in many characteristics.
The main difference between the two species is related to the number
of the apical plates. C. hirundinella has 4 apical plates reaching the
apex while in C. furcoides 3 apical plates reaches the apex and the 4
does not reach the apex (Santos-Wisniewski et al. 2007). Additionaly
in C. furcoides the epivalve is conical whereas in C. hirundinella it
is elm shaped.

Numerical density of Ceratium furcoides organisms were
determined by counting 1 mL aliquots of the fixed samples in
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a Sedgwick-Rafter counting cell under light microscope at x50
magnification.

Environmental variables measured were analyzed by principal
component analysis in order to express the importance of each variable.
The relationships between C. furcoides densities and environmental
parameters were analyzed by Canonical Correspondence Analysis,
both performed with the also CANOCO statistical package (Ter Braak
1986). The overall variability of variables among the sampling points
was evaluated by estimating the coefficient of variation (CV) by the
formula: CV = standard deviation/average.

Results

The distribution of Ceratium furcoides over the 36 sampling
sites in the Furnas reservoir varied appreciably during the study
year (Figure 2). In March, June and December, the dinoflagellate
was identified at 15 sites and in September, at 16. At two locations,
G16 and G17, it was identified in March, but not at any other time.
At 3 sites on the Rio Grande (G1, G4 and G10), C. furcoides was
not recorded in March, but was found from June onwards. At S15,
the species was recorded from September, while at S16, it appeared
only in December. During the entire study, C. furcoides was observed
at 20 of the 36 sites, only 3 of these (S15 — 17) being located in the
Sapucai River arm, 2 in the central body (G1 and G2) and the rest
(G3 —17) in the Rio Grande arm. Among the sites G1 (at the dam) to
G15, there was a noticeable tendency for the density of this species to
increase with increasing distance from the dam (Figure 3). Over the
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whole period, the highest densities of C. furcoides were recorded in
samples taken at G14, a location known to receive a constant discharge
of untreated domestic sewage (Figure 2).

Densities of C. furcoides varied greatly among sampling sites and
in short periods of time. Although a very low value was recorded in the
first sampling (0.57 ind/m?), it subsequently changed to the maximum
of 28,564,913 ind/m’, in the next monthly sampling (Figure 2).

In addition to the high densities of C. furcoides at G14, high
values for total nitrogen, total phosphorus and chlorophyll-a were
also recorded. In general there were no great changes in the values
measured in each sampling site. However there is heterogeneity
in the values of these variables, which were sampled throughout
the water column, indicating that the reservoir is a complex system
and dependent on the dam that provides events such as opening and
closing of gates, and the existence of different compartments,
including lotic, transitional and lentic areas (Table 1 and 2).

Practically all the collecting sites in the Furnas reservoir were
oligotrophic, exceptions being S1, G18 and G19, where the water
became mesotrophic in December, and G14, which was found to be
mesotrophic in June and September and eutrophic in December. In
March the whole reservoir was oligotrophic, and the highest density
of C. furcoides occurred at point G14, but there was a steady rise in
the TSI throughout the year, from March to December (Figure 3).

The first two components of the Principal Component Analysis
explained 42.0% of the total variability for the environmental
variables measured in Furnas Reservoir (Figure 4). It can be observed
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Figure 1. Map of Furnas reservoir showing the location of the 36 sampling sites; Rio Sapucai sub-basin (S1 to S17) on the left, and Rio Grande sub-basin

(G1 to G19) on the right.
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Figure 2. Ceratium furcoides mean density (ind/m?) at each site in the Furnas reservoir, recorded from March to December 2007.

Table 1. Mean values and standard deviations of physical and chemical variables at the main portions of Furnas Reservoir, MG, recorded in March, June,

September and December, 2007.

Temperature Dissolved Conductivity pH Chlorophyll-a  Tranparency
O Oxygen (mg/L) (uS/cm) (mg/L) (m)
Lower Portion of River 23.5+3.0 6.26 0.7 39.05 +4.0 7.55+0.3 273+1.5 248+ 1.4
Sapucai arm
Middle Portion of River 23.72+3.0 546+1.5 42.50 +5.40 7.52+0.6 370+ 1.3 2.28+0,9
Sapucai arm
Upper Portion of River 24.16 +24.1 640+14 359+48 7.66 £ 0.6 325+1.2 274+13
Sapucai arm
Lower Portion of River 2297+ 1.8 565+1.1 33.37+35 7.40+0.3 0.70 0.4 328+1.1
Grande arm
Middle Portion of River 2423 +2.0 642+ 1.1 34.96 +2.46 7.51+0.34 1.15+0.4 2.73+0.9
Grande arm
Upper Portion of River 23.85+3.1 6.61 1.2 4241 £4.30 7.74 £0.37 18.21 £ 10.2 1.60 £ 0.6

Grande arm

that the temperature, IET, and the concentrations of total phosphorus,
orthophosphate, nitrite, nitrate and dissolved oxygen were the most
representative compared to the others as total nitrogen, chlorophyll-a,
pH and water electrical conductivity. The sampling points located
in the Rio Grande (G) portion of the Furnas Reservoir were mainly
related to the values of temperature, chlorophyll-a, IET, total nitrogen,

http://www .biotaneotropica.org.br

total phosphorus, nitrite, orthophosphate and water conductivity. On
the other hand, the sampling points located in the Rio Sapucai (S)
portion were related to the variables pH, nitrate and dissolved oxygen.

The Canonical Correspondence Analysis (CCA) associating
Ceratium furcoides densities to the environmental variables had
97.3% of the total variability explained by the first two axes.
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Population density values were mainly associated with point G14.
The variable water temperature in December was also associated with
this point in Rio Grande and to the values of C. furcatus density in
March. The point G15, where densities of C. furcoides were high was
also associated with variables indicative of increasing trophic state
as the concentrations of nitrite and nitrate and water conductivity in
different months along the year of study (Figure 5).

As a whole the highest densities of C. furcoides were positively
related to water temperature and conductivity and to the concentrations
of nitrite and nitrate in the Furnas Reservoir.

Discussion

A wide variation in the abundance of Ceratium furcoides
across space and time was noted in the samples taken from all
parts of the Furnas reservoir, over a period of one year. In spite of
the rather favorable growth conditions detected at most of the sites
sampled in this study, the great heterogeneity of the chemical and
physical variables recorded in the reservoir, could be responsible
for the observed variation in the population densities. This was
evidenced by wide range variation for each variable (except pH)
shown by variation coefficients ranging from 44% to 156%. This
heterogeneity of the environmental variables is common in the Furnas

reservoir due to its large extension and also by the large inflow
of water from many tributaries throughout its area (Table 3).

The recorded density of this reached a peak of 28,564 ind L™
in the Marimbondo River a tributary of the Rio Grande River (site
G14). This site is next to a constant discharge of untreated domestic
sewage and this is likely to be the main cause of proliferation of this
dinoflagellate in the reservoir. At the same site, high concentrations
of chlorophyll-a were recorded, peaking at 169.2 ug L' in December.
Besides the dinoflagellate bloom itself, these high concentrations
of chlorophyll are also due to blooms of other algae, mainly
cyanobacteria.

Some authors have recorded Ceratium blooms in habitats classed
as eutrophic. High densities of C. hirundinella were recorded in
tropical eutrophic water bodies in Argentina (Claps & Ardohain
2007), Australia (Whittington et al. 2000) and South Africa (Hart
2007). In other studies, however, it has been found that dinoflagellates,
including the genus Ceratium, tend to become dominant under
mesotrophic conditions (Periotto et al. 2007). It follows that
Ceratium furcoides does proliferate successfully in oligotrophic
waters, although it reached the highest densities, under mesotrophic
conditions whereas bloom-forming cyanobacteria are more often
dominant under eutrophic or hypereutrophic.

Table 2. Mean values and standard deviation of nutrient concentrations for the main areas of Furnas Reservoir, MG, recorded in March, June, September and

December, 2007.

Total N (ug/L)  Nitrite (ug/L)  Nitrate (ug/L) Total P (ug/L) Ortofosfate (ug/L) Silicate (mg/L)

Lower Portion of 597.92 + 0.1 627+ 1.7 230.20 + 78.9 45,17 £ 33.6 12.35+7.7 350+ 1.1
River Sapucai arm
Middle Portion of  482.50 + 0.1 290+ 1.0 61.48 £35.6 27.50 £21.2 6.66 4.5 4.50+0.8
River Sapucaif arm
Upper Portion of 589.33+0.2 2.15+£0.9 67.97 £28.8 20.12 +14.3 6.56 £3.6 333+0.5
River Sapucaif arm
Lower Portion of 491.68 +0.2 2.05+1.0 153.60 + 26.6 21.73 £ 14.0 430+1.2 343+£0.7
River Grande arm
Middle Portion of  536.46 + 0.1 2.10+£0.9 99.23 +33.7 25.90 = 24.1 5.68 £2.31 3.86 £0.7
River Grande arm
Upper Portion of 530.36 £ 0.2 291+£1.2 107.90 + 58.0 80.07 £97.9 10.51 £5.53 4.56 £ 1.26
River Grande arm
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Figure 3. Mean values of trophic state index of Carlson (1971) modified by Toledo et al., (1978) for each sampling site in Furnas reservoir, from March to

December 2007.
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Abstract: Collections and inventories provide important and essential information for understanding the
composition and distribution of biodiversity. This contribution presents an inventory of the species held in the
Echinodermata collection in the Setor de Comunidades Bentdnicas (LABMAR/ICBS), Universidade Federal de
Alagoas. The collections were made over a period of more than 20 years, at several localities of coastal Alagoas.
This collection now includes 16,201 catalogued individual specimens, with 50 species in the five extant classes
Crinoidea, Asteroidea, Ophiuroidea, Echinoidea and Holothuroidea, based on 640 records; the class Ophiuroidea
is best represented. The results of this inventory contribute significantly to knowledge of marine benthic diversity
from the state of Alagoas, and the information presented here expands the data for Echinodermata from the
northeastern coast of Brazil.

Keywords: biodiversity, echinoderm, taxonomy, benthic macroinvertebrate, Brazil.

MIRANDA, A.L.S., LIMA, M.L.F., SOVIERZOSKI, H.H. & CORREIA, M.D. Inventario da cole¢ao de
Echinodermata da Universidade Federal de Alagoas. Biota Neotrop. 12(2): http://www.biotaneotropica.org.
br/vi2n2/pt/abstract?inventory+bn00812022012

Resumo: As colecdes e inventarios fornecem importantes e essenciais informagdes para entender a composigao e
distribuicdo da biodiversidade. Esta contribuigdo apresenta um inventario da colegdo de Echinodermata pertencente
ao Setor de Comunidades Bent6nicas (LABMAR/ICBS), da Universidade Federal de Alagoas. As coletas foram
realizadas ao longo de mais de vinte anos em diversas localidades da costa de Alagoas. A colegdo conta com
16.201 exemplares tombados e 50 espécies distribuidas entre as cinco classes viventes Crinoidea, Asteroidea,
Ophiuroidea, Echinoidea e Holothuroidea, com base em 640 registros, sendo a classe Ophiuroidea a melhor
representada. O resultado deste inventario vem contribuir significativamente para o conhecimento da diversidade
bentdnica marinha do Estado de Alagoas ampliando as informagdes sobre a fauna do filo Echinodermata para a
costa nordeste do Brasil.

Palavras-chave: biodiversidade, equinoderma, taxonomia, macroinvertebrados bentdnicos, Brasil.
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Introduction

Zoological catalogues and collections on regional scales are
important to understand the composition and distribution of national
and global faunas (Mikkelsen & Cracraft 2001). Such data is the
principal source of information on biodiversity distribution, providing
knowledge of areas yet unexplored, and also reveals local extinctions
and reductions in species distributions (Nogueira et al. 2009).
Zoological scientific collections are important records of Brazilian
biodiversity, because the increasing occupation and intensity of human
impacts often result in species extinction (Zaher & Young 2003).

In Brazil, knowledge of zoological collections is still sparse,
especially for the North and Northeast regions. For example,
information on collections of Echinodermata is mostly limited to
the Southeast region, in institutions such as the Museu Nacional of
the Universidade Federal do Rio de Janeiro, the Museu de Zoologia
of the Universidade de Sao Paulo and the Museu de Zoologia of the
Universidade de Campinas (Amaral & Jablonski 2005, Ventura et al.
2009). In the Brazilian Northeast, other specific collections with
Brazilian specimens of Echinodermata have been established more
recently in universities in the states of Bahia (Manso et al. 2008),
Paraiba (Gondim et al. 2008), Pernambuco (Lima & Fernandes 2009),
and Sergipe (Oliveira et al. 2010).

The first reference to the phylum Echinodermata for the Brazilian
coast was based on notes published by Verrill (1868), when this
group was still called Radiata, based on samples collected in the
Abrolhos area off southern Bahia. Later, Rathbun (1879) surveyed the
distribution of species of Echinodermata. The species and distribution
of Echinodermata according to salinity in Guanabara Bay, state of Rio
de Janeiro (RJ) were characterized by Krau (1950). The first catalogue
of echinoderms from the Brazilian coast was made available by Brito
(1962). Several studies and remarks about the fauna of Echinodermata
along the Brazilian coast have been contributed, especially by
Tommasi (1985, 1999). The diversity of Echinodermata from the
west coast of the Atlantic Ocean was described by Hendler et al.
(1995), who provided taxonomic and ecological information, with
some citations for the Brazilian coast. Castro et al. (1999) observed
the occurrence of Echinodermata at different depths in Ilha Grande
Bay (RJ). Netto et al. (2005) published new records from studies on
the S&o Paulo coast. Xavier (2010) reviewed the literature and listed
species of Echinodermata from the Santa Catarina coast.

On the Brazilian northeastern coast, Lima-Verde (1969) studied
the Echinodermata from shallow waters from the mouth of the
Parnaiba River in Piauf state, to the mouth of the Sdo Francisco
River in Alagoas state. Albuquerque (1986) investigated the fauna
of Ophiuroidea from the northern and northeastern continental
shelf. Echinodermata from the coast of Bahia were characterized
for several reef and soft bottom substrates (Alves & Cerqueira
2000, Magalhaes et al. 2005, Manso et al. 2008). The diversity of
echinoderms from the Ceara coast was characterized by Martins
& Queiroz (2006). In the intertidal zone of Cabo Branco, Paraiba
state, the echinoderm fauna was analyzed according to habitat
(Gondim et al. 2008). New records of Ophiuroidea were reported from
shallow waters on the coast of Maceid, Alagoas (Lima et al. 2011).

Most of the catalogues of Echinodermata include mainly
representatives of class Ophiuroidea, and some of these publications
included descriptions of new species and records (Tommasi 1970,
1999, Tommasi & Abreu 1974). Other studies were based on
specimens obtained from oceanographic research cruises that dredged
along different parts on the Brazilian coast, and included descriptions,
notes, ecological and bhiogeographical aspects of Ophiuroidea
(Monteiro 1987, Manso 1989, Absalao & Manso 1990, Manso 1991,

http://www.biotaneotropica.org.br

Borges et al. 2002, Borges & Amaral 2006, Ventura et al. 2007,
Borges et al. 2011).

This contribution presents a catalogue and information on the
collection of material of the phylum Echinodermata, held by the
Setor de Comunidades Bentonicas (LABMAR/ICBS), Universidade
Federal de Alagoas.

Material and Methods

The present inventory is based on specimens from the intertidal
zone and shallow waters, including coral reefs, sandstone reefs,
beaches, soft bottoms, and the phytal, which is abundant along the
coast of Alagoas (Correia & Sovierzoski 2009, Correia 2011).

The specimens were collected from different sites on the
coast of Alagoas (8° 55" S and 36° 10° W; 10° 30" S and
36° 23’ W), including the following localities, from north to south:
Maragogi - Galés (9° 01° 07” S and 35° 12° 13” W); Sao Miguel
dos Milagres - Porto da Rua (9° 15° 117 S and 35° 20° 31”7 W);
Passo de Camaragibe — Camaragibe River bar (9° 18 47” S and
35° 24’ 54” W); Paripueira — Natural Pool (9° 28 25” S and
35° 32’ 40” W); Macei6 - Ipioca (9° 29 55” S and 35° 33° 50” W),
Ponta do Prego (9° 31° 48” S and 35° 35’ 30” W), Ponta do
Meirim (9° 32° 37” S and 35° 36° 52” W), Sereia (9° 34’ 04” S and
35° 38’ 46” W), Riacho Doce (9° 34’ 55” S and 35° 39’ 25” W),
Guaxuma (9° 35° 33” S and 35° 39’ 54” W), Jatitca (9° 39’ 12” S
and 35° 41° 46” W), Ponta Verde (9° 39’ 57” S and 35° 41’ 32” W),
Piscina dos Amores (9° 40’ 39” S and 35° 42° 10” W), Pajucara
(9°41° 06” S and 35° 43° 22” W), Sobral sewel outfall (9° 40* 45” S
and 35° 45’ 00” W); Marechal Deodoro - channel of the Manguaba
lagoon (9°43’ 13” S and 35° 48’ 23” W), Saco da Pedra (9° 44’ 26” S
and 35° 48’ 59” W) and Francés (9° 46’ 03” S and 35° 50* 13” W);
Barra de Sdao Miguel — Sdo Miguel River bar (9° 50’ 10” S and
35° 53”05 W); Jequia da Praia - Lagoa Azeda (9° 58° 04” S and
35° 58’ 32” W); Coruripe - Pontal do Coruripe (10° 07° 32” S and
36° 10’ 32” W); and Piacabucu - Pontal do Peba (10° 21’ 25” S and
36° 17" 40” W) (Figure 1).

The samples were transported to the Setor de Comunidades
Bentonicas, where they were sorted, anesthetized with 10% MgCl,,
and then fixed with 4% formaldehyde for 24 to 48 hours. The
specimens were conserved in 70% ethanol and assigned a catalogue
number. The material was identified with specialized bibliography to
the lowest possible taxonomic category, based on Clark & Downey
(1992), Tommasi (1969, 1999), Hendler et al. (1995) and Pawson et al.
(2010), and when necessary was sent to a specialist for confirmation
of the identification. All remarks on the species of Echinodermata in
this collection were entered in a database, available from the Setor
de Comunidades Bentbnicas, Universidade Federal de Alagoas
(UFAL/ECH).

Results

The catalogue lists 16,201 individuals in the five extant classes
Crinoidea, Asteroidea, Ophiuroidea, Echinoidea, and Holothuroidea.
To date, the collection includes 640 records representing 50 species.
The class Ophiuroidea is best represented, followed by the class
Holothuroidea. Classes Asteroidea and Echinoidea include fewer
families, with different numbers of genera and species. Only one
family and a single species of the class Crinoidea are represented.

Most of the Echinodermata species were collected from reef
ecosystems. The reefs provide different substrata composed by
algae, corals, and sponges, and of these, macroalgae harbored most
individuals of Ophiuroidea and Holothuroidea. Specimens of classes
Asteroidea, Echinoidea, and Crinoidea were recorded on coral and
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Figure 1. Map showing the sites on the coast of Alagoas state, northeastern Brazil, represented in the Echinodermata collection (UFAL/ECH).

sandstone reefs, and some species of Asteroidea and Echinoidea were
also found on soft bottoms.

The class Ophiuroidea is the most abundant taxon recorded for
the Alagoas coast, with 14,837 individuals, in seven families and 19
species (Table 1).

Class Ophiuroidea

Order Ophiurida Muller & Troschel, 1840

http://www.biotaneotropica.org.br/v12n2/en/abstract?inventory+bn00812022012

Family Ophiolepididae Ljungman, 1867
Genus Ophiolepis Miller & Troschel, 1840
Ophiolepis impressa Liitken, 1859: one record. Brazil, Alagoas,
Paripueira - Natural Pool UFAL/ECH 0620.
Ophiolepis paucispina (Say, 1825): six records. Brazil,
Alagoas, Macei6 - Ponta do Prego reef UFAL/ECH 0478; Ponta
Verde reef UFAL/ECH 0147, 0172, 0249, 0411, 0533.
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Table 1. Species of class Ophiuroidea catalogued in the Echinodermata collection of the Setor de Comunidades Bentdnicas, Universidade Federal de Alagoas

(UFAL/ECH).
Taxa N°ind. Records Substrate
Family Ophiolepididae
Ophiolepis impressa 1 1 Coral reef
Ophiolepis paucispina 9 6 Coral reef, algae
Family Ophiodermatidae
Ophioderma appressa 21 15 Coral reef, sandstone reef, algae
Ophioderma cinerea 10 9 Coral reef, sandstone reef , algae
Family Ophiocomidae
Ophiocoma echinata 7 4 Coral reef, sandstone reef
Ophiocoma wendti 1 1 Coral reef
Ophiocomella ophiactoides 263 37 Coral reef, algae, coral and hydrocoral
Family Ophionereidae
Ophionereis reticulata 22 16 Coral reef, sandstone reef
Ophionereis squamulosa 1 1 Coral reef
Family Ophiactidae
Ophiactis brasiliensis 125 10 Coral reef, sandstone reef, algae, coral
Ophiactis lymani 118 25 Coral reef, sandstone reef, algae, sponge, coral, polychaetes and fouling

Ophiactis quinqueradia 5 4

Ophiactis savignyi 7.033 129
Family Amphiuridae

Amphipholis januarii 7 5

Amphipholis squamata 7.084 96

Amphiura kinbergi 1 1

Ophiocnida loveni 2 1

Ophiocnida scabriuscula 4 4
Family Ophiotrichidae

Ophiothrix (Ophiothrix) angulata 123 60
Total 14.837 425

Sponge
Coral reef, sandstone reef, algae, sponge, coral and soft bottom

Coral reef, soft bottom , algae
Coral reef, sandstone reef, algae, sponge, coral and fouling
Fouling
Coral reef
Coral reef

Coral reef, sandstone reef, algae, sponge, coral and fouling

Family Ophiodermatidae Ljungman, 1867

Genus Ophioderma Miller & Troschel, 1840

Ophioderma appressa (Say, 1825): 15 records. Brazil, Alagoas,
Macei6 - Ipioca reef UFAL/ECH 0541; Ponta do Prego reef
UFAL/ECH 0537, 0549; Ponta do Meirim reef UFAL/ECH
0517, 0526, 0527; Sereia reef UFAL/ECH 0470, 0535; Jatitica
reef UFAL/ECH 0511; Ponta Verde reef UFAL/ECH 0210, 0376,
0412; Pajugara reef UFAL/ECH 0025. Marechal Deodoro - Saco
da Pedra reef UFAL/ECH 0331; Francés reef UFAL/ECH 0387
(Figure 2a).

Ophioderma cinerea Miller & Troschel, 1842: nine records.
Brazil, Alagoas, Maceié - Ponta do Prego reef UFAL/ECH
0546; Ponta do Meirim reef UFAL/ECH 0528; Sereia reef
UFAL/ECH 0497; Riacho Doce reef UFAL/ECH 0560; Ponta
Verde reef UFAL/ECH 0016, 0127, 0133, 0587. Marechal
Deodoro - Francés reef UFAL/ECH 0615.

Family Ophiocomidae Ljungman, 1867

Genus Ophiocoma L. Agassiz, 1835

Ophiocoma echinata (Lamarck, 1816): four records. Brazil,
Alagoas, Macei6 - Riacho Doce reef UFAL/ECH 0389; Jatitica
reef UFAL/ECH 0624. Marechal Deodoro - Francés reef UFAL/
ECH 0228. Sdo Miguel dos Milagres - Porto da Rua reef UFAL/
ECH 0175 (Figure 2b).
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Ophiocoma wendti Miller & Troschel, 1842: one record.
Brazil, Alagoas, Marechal Deodoro - Francés reef UFAL/ECH
0623.

Genus Ophiocomella A.H. Clark, 1939

Ophiocomella ophiactoides (H. L. Clark, 1901): 37 records.
Brazil, Alagoas, Macei6 - Ponta do Meirim reef UFAL/ECH 0529;
Ponta Verde reef UFAL/ECH 0064, 0066, 0067, 0087,0091, 0110,
0120, 0150, 0160, 0166, 0186, 0197, 0201, 0213, 0225, 0241,
0244, 0248, 0259, 0262, 0265, 0287, 0303, 0329, 0367, 0370,
0374, 0408, 0409, 0442, 0465, 0553, 0593. Maragogi - Galés
reef UFAL/ECH 0107, 0109. Marechal Deodoro - Francés reef
UFAL/ECH 0614.

Family Ophionereididae Ljungman, 1867

Genus Ophionereis Liitken, 1856

Ophionereis reticulata (Say, 1825): 16 records. Brazil,
Alagoas, Maceid - Ipioca reef UFAL/ECH 0542; Ponta do
Prego reef UFAL/ECH 0547; Ponta do Meirim reef UFAL/ECH
0516; Sereia reef UFAL/ECH 0534, 0563; Riacho Doce reef
UFAL/ECH 0390; Jatitica reef UFAL/ECH 0291, 0636; Ponta
Verde reef UFAL/ECH 0142, 0157, 0267; Pajugara reef UFAL/
ECH 0381. Maragogi - Galés reef UFAL/ECH 0105. Marechal
Deodoro - Saco da Pedra reef UFAL/ECH 0334, 0480; Francés
reef UFAL/ECH 0475 (Figure 2c).

Ophionereis squamulosa Koehler, 1914: 1 record. Brazil,
Alagoas, Macei6 - Jatitica reef UFAL/ECH 0625.
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Family Ophiactidae Matsumoto, 1915

Genus Ophiactis Liitken, 1856

Ophiactis brasiliensis Manso, 1988: 10 records. Brazil,
Alagoas, Maceid - Ponta do Meirim reef UFAL/ECH 0519;
Ponta Verde reef UFAL/ECH 0037, 0068; Piscina dos Amores
reef UFAL/ECH 0485; Pajucara reef UFAL/ECH 0380, 0559,
0626. Maragogi - Galés reef UFAL/ECH 0108. Marechal
Deodoro - Francés reef UFAL/ECH 0072, 0639.

Ophiactis lymani Ljungman, 1872: 25 records. Brazil, Alagoas,
Macei6 - Ponta do Meirim reef UFAL/ECH 0518; Ponta Verde
reef UFAL/ECH 0089, 0102,0118, 0164, 0270, 0301, 0325, 0372,
0403, 0404, 0460, 0461, 0552, 0603. Sobral sewel outfall UFAL/
ECH 0114, 0585. Jequid da Praia - Lagoa Azeda reef UFAL/
ECH 0231. Maragogi - Galés reef UFAL/ECH 0106. Marechal
Deodoro - Francés reef UFAL/ECH 0343, 0638; Saco da Pedra
reef UFAL/ECH 0277, 0305, 0337, 0355.

Ophiactis quinqueradia Ljungman, 1872: four records. Brazil,
Alagoas, Macei6 - Ponta Verde reef UFAL/ECH 0136, 0255.
Marechal Deodoro - Saco da Pedra reef UFAL/ECH 0338.
Paripueira - Natural Pool UFAL/ECH 0622.

Ophiactis savignyi (Miiller & Troschel, 1842): 129 records.
Brazil, Alagoas, Macei6 - Ponta do Meirim reef UFAL/ECH
0554, 0557, 0564; Sereia reef UFAL/ECH 0489, 0617, 0631;
Riacho Doce reef UFAL/ECH 0447; Garca Torta reef UFAL/
ECH 0055; Jatiica reef UFAL/ECH 0309, 0349, 0430, 0443,
0628; Ponta Verde reef UFAL/ECH 0009, 0013, 0036, 0048,
0058, 0060, 0062, 0065, 0070, 0077, 0079, 0081, 0083, 0085,
0088, 0097, 0099, 0101, 0112, 0113, 0117, 0122, 0128, 0134,
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ECH): a) Ophioderma appressa, b) Ophiocoma echinata, ¢) Ophionereis reticulata and d) Ophiothrix angulata.

0135, 0138, 0143, 0145, 0148, 0158, 0161, 0163, 0180, 0182,
0184, 0193, 0195, 0198, 0205, 0208, 0211, 0220, 0223, 0239,
0242, 0245, 0256, 0257, 0260, 0263, 0269, 0271, 0285, 0298,
0300, 0321, 0322, 0324, 0327, 0365, 0368, 0371, 0398, 0401,
0402, 0436, 0437, 0438, 0457, 0458, 0459, 0543, 0554, 0581,
0592, 0596, 0604, 0606; Piscina dos Amores reef UFAL/ECH
0486; Pajucara reef UFAL/ECH 0352, 0382, 0627; Sobral sewel
outfall UFAL/ECH 0187, 0413, 0424, 0583, 0584, 0599, 0608,
0634. Maragogi - Galés reef UFAL/ECH 0044, 0168. Marechal
Deodoro - Saco da Pedra reef UFAL/ECH 0278, 0306, 0308,
0332, 0339, 0354, 0385, 0449, 0450, 0530; Francés reef UFAL/
ECH 0023, 0075, 0227, 0272, 0292, 0304, 0342, 0345, 0377,
0616, 0640. Paripueira - Natural pool UFAL/ECH 0358. Passo
de Camaragibe - Camaragibe River bar UFAL/ECH 0582. Sao
Miguel dos Milagres - Porto da Rua reef UFAL/ECH 0177.

Family Amphiuridae Ljungman, 1867

Genus Amphipholis Ljungman, 1866

Amphipholis januarii Ljungman, 1866: five records. Brazil,
Alagoas, Macei? - Jatitca reef UFAL/ECH 0429; Ponta Verde
UFAL/ECH 0200, 0247. Jequid da Praia - Lagoa Azeda reef
UFAL/ECH 0230. Paripueira - Cabeco UFAL/ECH 0618.

Amphipholis squamata (Delle Chiaje, 1828): 96 records.
Brazil, Alagoas, Macei6 - Ponta do Prego reef UFAL/ECH
0550; Ponta do Meirim reef UFAL/ECH 0520, 0558; Sereia reef
UFAL/ECH 0490, 0629; Riacho Doce reef UFAL/ECH 0104;
Jatitica reef UFAL/ECH 0347, 0513; Pajugara reef UFAL/ECH
0032, 0076; Ponta Verde reef UFAL/ECH 0008, 0014, 0059,
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0061, 0063, 0069, 0071, 0078, 0080, 0082, 0084, 0086, 0090,
0098, 0100, 0103, 0115, 0116, 0119, 0144, 0146, 0149, 0159,
0162, 0165, 0173, 0181, 0183, 0185, 0194, 0196, 0199, 0206,
0209, 0212, 0221, 0222, 0224, 0240, 0243, 0246, 0258, 0261,
0264, 0284, 0286, 0297, 0299, 0302, 0323, 0326, 0328, 0366,
0369, 0373, 0405, 0406, 0407, 0439, 0440, 0441, 0462, 0463,
0464, 0501, 0512, 0555, 0556, 0580, 0590, 0595, 0597, 0602,
0605; Sobral sewel outfall UFAL/ECH 0414, 0423, 0427, 0598,
0607, 0635. Maragogi - Galés reef UFAL/ECH 0169. Marechal
Deodoro - Saco da Pedra reef UFAL/ECH 0336, 0357; Francés
reef UFAL/ECH 0341, 0637. Paripueira - Natural Pool UFAL/
ECH 0619.

Genus Amphiura Forbes, 1843

Amphiura kinbergi Ljungman, 1872: one record. Brazil,
Alagoas, Macei6 - Sobral sewel outfall UFAL/ECH 0576.
Genus Ophiocnida Lyman, 1865

Ophiocnida loveni (Ljungman, 1867): one record. Brazil,
Alagoas, Macei6 - Jatitca reef UFAL/ECH 0275.

Ophiocnida scabriuscula (Liitken, 1859): four records. Brazil,
Alagoas, Macei6 - Ponta do Meirim reef UFAL/ECH 0514;
Jatidca reef UFAL/ECH 0252; Ponta Verde reef UFAL/ECH
0215, 0266.

Family Ophiotrichidae Ljungman, 1867

Genus Ophiothrix Miiller & Troschel, 1840

Ophiothrix angulata (Say, 1825): 60 records. Brazil, Alagoas,
Macei6 - Ponta do Prego reef UFAL/ECH 0538, 0551; Sereia reef
UFAL/ECH 0471, 0496, 0532, 0562, 0632; Riacho Doce reef
UFAL/ECH 0561; Garga Torta reef UFAL/ECH 0052; Guaxuma
reef UFAL/ECH 0499; Jatitca reef UFAL/ECH 0167, 0251, 0276,
0426; Ponta Verde reef UFAL/ECH 0001, 0002, 0017, 0035,

0188, 0207, 0214, 0226, 0288, 0320, 0330, 0375, 0410, 0466,
0600, 0601; Piscina dos Amores reef UFAL/ECH 0421; Pajucara
reef UFAL/ECH 0420, 0508; Sobral sewel outfall UFAL/ECH
0056, 0425, 0467. Barra de Sdo Miguel - Barra de Sdo Miguel
reef UFAL/ECH 0033. Coruripe - Pontal de Coruripe reef UFAL/
ECH 0525. Jequid da Praia - Lagoa Azeda reef UFAL/ECH 0229.
Marechal Deodoro - Manguaba lagoon channel UFAL/ECH 0004;
Saco da Pedra reef UFAL/ECH 0279, 0307, 0333, 0335, 0353,
0356, 0384, 0388, 0448, 0481; Francés reef UFAL/ECH 0024,
0074, 0268, 0340, 0378, 0386, 0419, 0633. Paripueira - Natural
Pool UFAL/ECH 0621. Sdo Miguel dos Milagres - Porto da Rua
reef UFAL/ECH 0178 (Figure 2d).
The class Holothuroidea has 1,214 individuals recorded,
distributed in eight families and 14 species. Synaptula hydriformis
is the most abundant species (Table 2).

Class Holothuroidea
Order Dendrochirotida Grube, 1840

Family Psolidae Perrier, 1902

Genus Lissothuria Verrill, 1867
Lissothuria braziliensis (Théel, 1886): one record. Brazil,
Alagoas, Macei6 - Ipioca reef UFAL/ECH 0575.

Family Phyllophoridae Oestergren, 1907

Genus Phyllophorus Grube, 1840

Phyllophorus (Urodemella) occidentalis Ludwig, 1875: six
records. Brazil, Alagoas, Macei6 - Ponta do Prego reef UFAL/
ECH 0539; Riacho Doce reef UFAL/ECH 0394, 0507; Ponta
Verde reef UFAL/ECH 0311; Pajugara reef UFAL/ECH 0020,
0043.

Table 2. Species of class Holothuroidea catalogued in the Echinodermata collection of the Setor de Comunidades Bent6nicas, Universidade Federal de Alagoas

(UFAL/ECH).
Taxa Ind. Records Substrate
Family Psolidae
Lissothuria braziliensis 1 1 Coral reef
Family Phyllophoridae
Phyllophorus (Urodemella) occidentalis 16 6 Coral reef
Stolus cognatus 6 Coral reef
Family Sclerodactylidae
Pseudothyone belli 1 1 Algae
Family Cucumariidae
Aslia pygmaea 2 2 Coral reef and algae
Duasmodactyla seguroensis 16 8 Coral reef
Ocnus braziliensis 62 20 Coral reef, sandstone reef
Ocnus suspectus 4 4 Coral reef, sandstone reef
Family Holothuriidae
Holothuria (Halodeima) grisea 27 15 Coral reef, sandstone reef
Holothuria (Platyperona) parvula 2 Coral reef
Holothuria (Thymiosycia) arenicola 2 Coral reef, sandstone reef
Family Stichopodidae
Isostichopus badionotus 2 2 Sandstone reef
Family Synaptidae
Synaptula hydriformis 968 40 Algae
Family Chiridotidae
Chiridota rotifera 105 35 Coral reef, algae
Total 1.214 141
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Genus Stolus Selenka, 1867
Stolus cognatus (Lampert, 1885): four records: Brazil, Alagoas,
Macei6 - Riacho Doce reef UFAL/ECH 0393, 0612; Jatitica reef

Ocnus suspectus (Ludwig, 1874): four records. Brazil, Alagoas,
Maceio6 - Sereia reef UFAL/ECH 0495; Riacho Doce reef UFAL/
ECH 0506, 0611; Ponta Verde reef UFAL/ECH 0586.

UFAL/ECH 0250, 0274 (Figure 3a). Order Aspichirotida Grube, 1840

Family Sclerodactylidae Panning, 1949
Family Holothuriidae Ludwig, 1894

Genus Pseudothyone Panning, 1949
Pseudothyone belli (Ludwig, 1887): one record: Brazil,
Alagoas, Macei6 - Ponta do Meirim reef UFAL/ECH 0589.

Family Cucumariidae Ludwig, 1894

Genus Aslia Rowe, 1970

Aslia pygmaea (Théel, 1886a):two records. Brazil, Alagoas,
Macei6 - Sereia reef UFAL/ECH 0609, 0630.
Genus Duasmodactyla Ayres, 1854

Duasmodactyla seguroensis (Deichmann, 1930): eight records.
Brazil, Alagoas, Macei6 - Ponta do Prego reef UFAL/ECH 0446;
Riacho Doce reef UFAL/ECH 0392, 0418, 0422, 0613; Jatitica
reef UFAL/ECH 0273; Ponta Verde reef UFAL/ECH 0040, 0232.
Genus Ocnus Forbes, 1841

Ocnus braziliensis (Verril, 1868): 20 records. Brazil, Alagoas,
Macei6 - Sereia reef UFAL/ECH 0494, 0536; Riacho Doce reef
UFAL/ECH 0141, 0415, 0504; Garca Torta reef UFAL/ECH
0050; Jatiuca reef UFAL/ECH 0510; Ponta Verde reef UFAL/
ECH 0022, 0039, 0053, 0121, 0126, 0395; Pajucara reef UFAL/
ECH 0012, 0029, 0042, 0045, 0046. Marechal Deodoro - Saco da
Pedra reef UFAL/ECH 0383. Passo de Camaragibe - Camaragibe
river bar UFAL/ECH 0350 (Figure 3b).
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Genus Holothuria Linnaeus, 1767

Holothuria (Halodeima) grisea Selenka, 1867: 15 records.
Brazil, Alagoas, Macei6 - Sereia reef UFAL/ECH 0469, 0493;
Riacho Doce reef UFAL/ECH 0391, 0505; Garca Torta reef
UFAL/ECH 0049; Jatidca reef UFAL/ECH 0348; Ponta Verde
reef UFAL/ECH 0038, 0041, 0140; Pajucara reef UFAL/ECH
0011, 0018, 0019, 0021, 0359. Marechal Deodoro - Saco da
Pedra reef UFAL/ECH 0479 (Figure 3c).

Holothuria (Platyperona) parvula (Selenka, 1867): two
records. Brazil, Alagoas, Macei6 - Riacho Doce reef UFAL/ECH
0610; Ponta Verde reef UFAL/ECH 0487.

Holothuria (Thymiosycia) arenicola Semper, 1868; one record.
Brazil, Alagoas, Marechal Deodoro - Francés reef UFAL/ECH
0474.

Family Stichopodidae Haeckel, 1896

Genus Isostichopus Deichmann, 1958

Isostichopus badionotus (Selenka, 1867): two records. Brazil
Alagoas, Marechal Deodoro - Francés reef UFAL/ECH 0344,
0531.

Order Apodida Brandt, 1835

Figure 3. Species of class Holothuroidea from the Echinodermata collection in the Setor de Comunidades Bentonicas, Universidade Federal de Alagoas
(UFAL/ECH): a) Stolus cognatus, b) Ocnus braziliensis, ¢) Holothuria grisea and d) Synaptula hydriformis.
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Family Synaptidae Burmeister, 1837

Genus Synaptula Oersted, 1849

Synaptula hydriformis (Lesueur, 1824): 40 records. Brazil,
Alagoas, Macei6 - Ponta do Meirim reef UFAL/ECH 0545;
Riacho Doce reef UFAL/ECH 0073; Ponta Verde reef UFAL/ECH
0006, 0015, 0057, 0094, 0111, 0132, 0155, 0174, 0179, 0191,
0203, 0204, 0217, 0218, 0236, 0237, 0253, 0254, 0281, 0282,
0294, 0295, 0296, 0317, 0318, 0362, 0363, 0396, 0399, 0416,
0433, 0434, 0455, 0456, 0500, 0588, 0591, 0594 (Figure 3d).

Family Chiridotidae Oestergren, 1898

Genus Chiridota Eschscholtz, 1829
Chiridota rotifera (Pourtalés, 1851): 35 records. Brazil,

Alagoas, Macei6 - Ponta do Prego reef UFAL/ECH 0477; Garga

Tortareef UFAL/ECH 0051; Ponta Verde reef UFAL/ECH 0007,

0095, 0154, 0156, 0171, 0176, 0189, 0190, 0192, 0202, 0216,

0219, 0234, 0235, 0238, 0280, 0283, 0293, 0315, 0316, 0319,

0361, 0364, 0397, 0400, 0417, 0431, 0432, 0435, 0454, 0476,

0502, 0503.

The class Echinoidea is represented by 97 individuals, including
five families and eight species. The most abundant Echinoidea
species are Echinometra lucunter, Eucidaris tribuloides and
Lytechinus variegatus (Table 3).

Class Echinoidea
Order Cidaroida Claus, 1880

Family Cidaridae Gray, 1825

Genus Eucidaris Pomel, 1883

Eucidaris tribuloides (Lamarck, 1816): five records. Brazil,
Alagoas, Macei6 - Guaxuma reef UFAL/ECH 0498; Ponta Verde
UFAL/ECH 0026. Barra de S&o Miguel - Barra de Sdo Miguel
reef UFAL/ECH 0030. Jequid da Praia - Lagoa Azeda reef UFAL/
ECH 0568, 0570 (Figure 4a).

Ordem Diadematoida Duncan, 1889

Family Diadematidae Gray, 1855
Genus Diadema Gray, 1825
Diadema antillarum Philippi, 1845: one record. Brazil,
Alagoas, Barra de Sdo Miguel - Barra de Sdo Miguel reef UFAL/
ECH 0034 (Figure 4b).

Order Echinoida Claus, 1876

Family Echinometridae Gray, 1825

Genus Echinometra Gray, 1825

Echinometra lucunter (Linnaeus, 1758): 10 records. Brazil,
Alagoas, Macei6 - Sereia reef UFAL/ECH 0491; Ponta Verde
reef UFAL/ECH 0123, 0137,0151, 0170, 0312, 0451; Piscina dos
Amores reef UFAL/ECH 0290, 0484. Marechal Deodoro - Saco
da Pedra reef UFAL/ECH 0310 (Figure 4c).

Family Toxopneustidae Troschel, 1872

Genus Lytechinus A. Agassiz, 1863

Lytechinus variegatus (Lamarck, 1816): 13 records. Brazil,
Alagoas, Macei6 - Jatitca reef UFAL/ECH 0129; Ponta Verde
reef UFAL/ECH 0027,0139,0152,0153,0233,0313, 0314, 0360,
0452; Piscina dos Amores reef UFAL/ECH 0289. Barra de Sdo
Miguel - Barra de Sao Miguel reef UFAL/ECH 0031. Jequia da
Praia - Lagoa Azeda reef UFAL/ECH 0569 (Figure 4d).
Genus Tripneustes L. Agassiz, 1841b

Tripneustes ventricosus (Lamarck, 1816): seven records.
Brazil, Alagoas, Macei6 - Ponta do Prego reef UFAL/ECH 0548;
Sereia reef UFAL/ECH 0468, 0488, 0567; Jatiuca reef UFAL/
ECH 0346, 0428, 0482 (Figure 4e).

Order Clypeasteroida L. Agassiz, 1835

Family Mellitidae Stefanini, 1912

Genus Encope L. Agassiz, 1840
Encope emarginata (Leske, 1778): two records. Brazil,
Alagoas, Macei6 - Ponta do Prego reef UFAL/ECH 0444.
Marechal Deodoro - Francés reef UFAL/ECH 0473 (Figure 4f).
Genus Leodia Gray, 1851a
Leodia sexiesperforata (Leske, 1778): one record. Brazil,
Alagoas, Marechal Deodoro -Francés reef UFAL/ECH 0565.
Genus Mellita L. Agassiz, 1841a
Mellita quinquesperforata (Leske, 1778): two records. Brazil,
Alagoas, Macei6 - Ponta do Meirim reef UFAL/ECH 0515.
Coruripe - Lagoa do Pau UFAL/ECH 0524.
The class Asteroidea is represented by 46 individuals,
including five families and eight species. Luidia senegalensis and
Linckia guildingi are the most abundant species (Table 4).

Class Asteroidea

Table 3. Species of class Echinoidea catalogued in the Echinodermata collection of the Setor de Comunidades Bentonicas, Universidade Federal de Alagoas

(UFAL/ECH).
Taxa Ind. Records Substrate

Family Cidaridae

Eucidaris tribuloides 33 5 Coral reef, sandstone reef
Family Diadematidae

Diadema antillarum 1 1 Coral reef, sandstone reef
Family Echinometridae

Echinometra lucunter 10 10 Coral reef, sandstone reef
Family Toxopneustidae

Lytechinus variegatus 36 13 Coral reef, algae, mud

Tripneustes ventricosus 7 7 Coral reef, sandstone reef
Family Mellitidae

Encope emarginata 6 Coral reef, soft bottom

Leodia sexiesperforata 1 Coral reef, soft bottom

Mellita quinquesperforata 3 Coral reef, soft bottom
Total 97 41
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Figure 4. Species of class Echinoidea from the Echinodermata collection in the Setor de Comunidades Bentonicas, Universidade Federal de Alagoas (UFAL/
ECH): a) Eucidaris tribuloides, b) Diademma antillarum, ¢) Echinometra lucunter, d) Lytechinus variegatus, e) Tripneustes ventricosus and f) Encope emarginata.

Order Paxillosida Perrier, 1884

Family Luidiidae Sladen, 1889

Genus Luidia Forbes, 1839

Luidia senegalensis (Lamarck, 1816): three records. Brazil,
Alagoas, Jequid da Praia - Lagoa Azeda reef UFAL/ECH 0572,
0573, 0578.

Luidia alternata (Say, 1825): one record. Brazil, Alagoas,
Jequid da Praia - Lagoa Azeda reef UFAL/ECH 0577.

Family Astropectinidae Gray, 1840
Genus Astropecten Gray, 1840

http://www.biotaneotropica.org.br/v12n2/en/abstract?inventory+bn00812022012

Astropecten brasiliensis Miller & Troschel, 1842: one record.
Brazil, Alagoas, Jequid da Praia - Lagoa Azeda reef UFAL/ECH
0571.

Order Valvatida Perrier, 1884

Family Oreasteridae Fisher, 1911

Genus Oreaster Miiller & Troschel, 1842
Oreaster reticulatus (Linnaeus, 1758): one record. Brazil,
Alagoas, Jequid da Praia - Lagoa Azeda reef UFAL/ECH 0566.

Family Ophidiasteridae Verril, 1870
Genus Linckia Nardo, 1834

http://www.biotaneotropica.org.br
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Linckia guildingi Gray, 1840: 12 records. Brazil, Alagoas,
Macei6 - Ponta do Prego reef UFAL/ECH 0445, 0523; Sereia reef
UFAL/ECH 0492; Jatitica reef UFAL/ECH 0130, 0509; Ponta

Echinaster brasiliensis Miller & Troschel, 1842: three records.
Brazil Alagoas, Macei6 - Ponta Verde reef UFAL/ECH 0093,

UL 0096. Jequia da Praia - Lagoa Azeda reef UFAL/ECH 0574.
Ve;dfj;fbéz?{l‘ﬁg? 822228’ 121_24’ 0131; :Sgﬂiﬂ;’égrggi‘? Echinaster echinophorus (Lamarck, 1816): four records.
ree N s Fajugara ree 5 . s .. .
Paripueira - Natural Pool UFAL/ECH 0047 (Figure 5). Brazil, Alagoas, Macei6 - Jatitica reef. UFAL/ECH 0483; Ponta
Genus Narcissia Gray, 1840 Verde reef UFAL/ECH 0992, 0453. Piagabucu - Pontal do Peba
Narcissia trigonaria Sladen, 1889: one record. Brazil, Alagoas, reef UFAL/ECH 0054 (Figure 5b).
Jequié da Praia - Lagoa Azeda reef UFAL/ECH 0579. The class Crinoidea is represented by only seven individuals in
Order Spinulosida Perrier, 1884 this collection, all Tropiometra carinata (Table 5).
. . . . Class Crinoidea
Family Echinasteridae Verril, 1870

Genus Echinaster Miiller & Troschel, 1840 Order Isocrinida Sieverts-Doreck, 1952

Table 4. Species of class Asteroidea catalogued in the Echinodermata collection of the Setor de Comunidades Bentonicas, Universidade Federal de Alagoas
(UFAL/ECH).

Taxa Ind. Records Substrate
Family Luidiidae
Luidia senegalensis 16 3 Soft bottom
Luidia alternata 1 1 Soft bottom
Family Astropectinidae
Astropecten brasiliensis 1 1 Soft bottom
Family Oreasteridae
Oreaster reticulatus 1 1 Soft bottom
Family Ophidiasteridae
Linckia guildingi 13 12 Recife de coral, sandstone reef
Narcissia trigonaria 2 1 soft bottom
Family Echinasteridae
Echinaster brasiliensis 8 3 Coral reef, sandstone reef, soft bottom
Echinaster echinophorus 4 4 Coral reef, sandstone reef
Total 46 26

Table 5. Species of class Crinoidea catalogued in the Echinodermata collection of the Setor de Comunidades Bentonicas, Universidade Federal de Alagoas
(UFAL/ECH).

Taxa Ind. Records Substrate

Family Tropiometridae
Tropiometra carinata 7 7

Coral reef, sandstone reef
Total 7

~
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Figure 5. Species of class Asteroidea from the Echinodermata collection in the Setor de Comunidades Bentonicas, Universidade Federal de Alagoas (UFAL/
ECH): a) Linckia guildingi and b) Echinaster echinophorus.
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Figure 6. Tropiometra carinata, representative of the class Crinoidea in
the Echinodermata collection in the Setor de Comunidades Bento6nicas,
Universidade Federal de Alagoas (UFAL/ECH).

Family Tropiometridae A.H. Clark, 1908

Genus Tropiometra A.H. Clark, 1907

Tropiometra carinata (Lamarck, 1816): seven records. Brazil,
Alagoas, Macei6 - Ponta do Meirim reef UFAL/ECH 0521;
Guaxuma reef UFAL/ECH 0540; Pajugara reef UFAL/ECH 0003,
0005. Marechal Deodoro - Saco da Pedra reef UFAL/ECH 0351;
Francés reef UFAL/ECH 0379, 0472 (Figure 6).

Discussion

In this collection, the class Ophiuroidea is the most abundant with
19 taxa, including Ophiactis savignyi and Amphipholis squamata with
the most records. According to Borges et al. (2011), the ophiuroids
are the most diverse and frequently abundant group among the
echinoderms, living associated with several types of substrata
including sand, algae, mud and rubble, or associated with biological
substrata such as corals, sponges and polychaete tubes. Numerical
and taxa abundance of the class Ophiuroidea was also observed in
the echinoderm fauna associated with several types of substrata from
the Bahia coast (Magalhdes et al. 2005, Borges & Amaral 2006,
Manso et al. 2008).

Holothuroidea is the second best-represented class in abundance
and taxonomic richness. This group was considered the least studied
class in the South Atlantic (Hadel et al. 1999). Holothuria grisea is
very common, and was reported as the most frequent and numerous
holothuroid on the Brazilian coast (Tommasi, 1969, 1999). The most
numerous species of this class in the collection is S. hydriformis,
principally from phytal communities. According to Clark (1908), this
species is viviparous and occurs in association with several species
of macroalgae.

Several species in the present collection, including the sea cucumber
Isostichopus badionotus, the sea urchin Eucidaris tribuloides,
and the sea stars Echinaster brasiliensis, Luidia senegalensis,
Echinaster echinophorus and Narcissia trigonaria, are considered
endangered in some localities on the southeastern Brazilian coast
(Hadel et al. 1999, Ventura et al. 2009).

Other catalogues report more specimens and taxa of the classes
Echinoidea and Asteroidea than the classes Ophiuroidea and
Holothuroidea (Alves & Cerqueira 2000, Lima & Fernandes 2009,
Oliveiraetal. 2010, Xavier 2010). However, the dominance of these
groups is associated with the types of substrates where these species
can be found (Gondim et al. 2008). Substrates composed of algae,

http://www.biotaneotropica.org.br/v12n2/en/abstract?inventory+bn00812022012

marine grasses, sponges, and other sessile organisms also contribute
to increasing the abundance and richness of the echinoderm fauna
(Hendler et al. 1995). The variety of types of substrates where the
specimens were collected contributed to increasing the abundance and
richness of the species listed in this catalogue, mainly of the classes
Ophiuroidea and Holothuroidea.

Conclusion

This inventory of the phylum Echinodermata collection in the
Setor de Comunidades Bent6nicas, Universidade Federal de Alagoas,
illustrates the diversity of this group in the benthic fauna on the coast
of Alagoas. The present catalogue contains 50 species, with 640
records and 16,201 individuals, including 19 species of Ophiuroidea,
14 Holothuroidea, 8 Echinoidea, 8 Asteroidea, and one Crinoidea.
This collection is an important reference tool for current and future
studies of the marine biodiversity of the phylum Echinodermata from
the state of Alagoas and the Brazilian northeastern coast.
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Abstract: The butterfly fauna of the Atlantic Forest Biome is reasonably well-known up to the southern limit of
its distribution. However, there are knowledge gaps nearby the central region of Rio Grande do Sul State, whose
forest areas are considered priorities for biological conservation. This study investigated the butterfly assemblage
of ariparian fragment in an ecotone area between Mixed Ombrophilous Forest and Seasonal Decidous Forest, in
Itaara municipality. From September 2005 to September 2006, after 105 net-hours through active search sampling,
877 butterflies were registered representing 104 species. Three more species were registered posteriorly, increasing
total richness to 107. The most abundant species were the Nymphalidae Hermeuptychia hermes (Fabricius, 1775),
Yphthimoides celmis (Godart, [1824]), Agraulis vanillae maculosa (Stichel, [1908]), Tegosa claudina (Eschscholtz,
1821) and Vanessa braziliensis (Moore, 1883). One new record for the State and four new ones for the central
region were registered besides the southern endemic Papilionidae Euryades corethrus (Boisduval, 1836) and
the Lycaenidae Arcas ducalis (Westwood, 1852), considered indicator of Atlantic forest preserved areas. Due to
the representativeness of the registered fauna, it is suggested the increase of conservation efforts in the area and
stimulation of new ecological studies with the local biodiversity.

Keywords: Arcas ducalis, Atlantic Forest, conservation, Euryades corethrus, species richness.
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Resumo: A fauna de borboletas do Bioma Mata Atlantica encontra-se razoavelmente conhecida até o inicio do
limite sul da distribui¢do do mesmo. No Rio Grande do Sul, entretanto, ainda existem lacunas préximas a regiao
central do estado, cujas dreas florestais sdo consideradas prioritdrias para conservagao bioldgica. Esse trabalho
inventariou a assembléia de borboletas de um fragmento de mata ciliar numa regido de ecétono entre Floresta
Ombréfila Mista e Floresta Estacional Decidual, no municipio de Itaara. Durante o periodo de setembro de
2005 a setembro de 2006, num total de 105 horas-rede com uso do método de procura ativa, foram registradas
877 borboletas representando 104 espécies. Com o acréscimo posterior de mais trés espécies, a riqueza total
elevou-se para 107. As cinco espécies mais abundantes foram os Nymphalidae Hermeuptychia hermes (Fabricius,
1775), Yphthimoides celmis (Godart, [1824]), Agraulis vanillae maculosa (Stichel, [1908]), Tegosa claudina
(Eschscholtz, 1821) e Vanessa braziliensis (Moore, 1883). Foram registradas uma nova espécie para o estado
e quatro para a regido central, além do Papilionidae sulino endémico Euryades corethrus (Boisduval, 1836) e
o Lycaenidae Arcas ducalis (Westwood, 1852), considerado indicador de dreas preservadas de Mata Atlantica.
Devido a representatividade da fauna registrada, recomenda-se a necessidade de incrementar os esforgos para a
conservagdo da drea e estimular novos estudos ecoldgicos com a biodiversidade local.

Palavras-chave: Arcas ducalis, Mata Atlantica, conservagdo, Euryades corethrus, riqueza de espécies.
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Introducao

O Bioma Mata Atlantica, outrora considerado uma das maiores
formagdes florestais pluviais da América do Sul, encontra-se
atualmente bastante reduzido (ao redor de 11,7% da formacao
original) e fragmentado (Ribeiro et al. 2009). A biodiversidade desse
bioma, considerado um dos mais importantes “hotspots™ tropicais
globais (Laurance 2009), é constituida por muitas espécies endémicas
dentre vegetais, invertebrados e vertebrados, grandemente ameacadas
pela destruicdo e conversdo de seus habitats nativos decorrentes das
atividades humanas (Ribeiro et al. 2009). A maioria das 4reas de
protecdo da Mata Atlantica estd acima de 1.200 m altitude, porém
regides de altitude intermedidria, entre 400 m e 1200 m, representam
74% da éarea de distribuicdo desse bioma e, apesar do menor nimero
de espécies endémicas, sdo consideradas regides de transi¢do,
abrigando grande "turnover” de espécies gragas a sua heterogeneidade
ambiental (Tabarelli et al. 2010). No Rio Grande do Sul encontra-
se o limite sul brasileiro da distribuicdo desse bioma e, apesar das
estimativas de que tenha restado apenas 7% da cobertura original de
vegetacdo, existem regides consideradas de importancia bioldgica
para conservacdo, algumas delas constituidas por remanescentes
florestais em recuperag@o, localizados préximos a regido central do
estado (Brasil 2007).

Borboletas adultas sdo insetos alados, diurnos, € com muitas
espécies bastante coloridas, formando um grupo carismatico para a
maioria das pessoas. Além disso, possuem grande associacio aos seus
hébitats em todos os estdgios de vida, constituindo-se em potenciais
bioindicadores dos mesmos, especialmente nas regides tropicais
detentoras da maior riqueza de espécies (Beccaloni & Gaston 1995,
Brown Junior 1997, Freitas et al. 2003, Bonebrake et al. 2010). Devido
a sua sistematica relativamente bem resolvida para a maioria dos
grupos (Lamas 2008, Wahlbergh et al. 2009, Heikkild et al. 2012),
podem ser usadas em inventdrios de curto prazo para monitorar
mudancas ambientais e também em estudos de diversidade,
conservagdo e manejo de comunidades e ecossistemas (Freitas et al.
2006, Bonebrake et al. 2010).

Apesar do conhecimento sobre a composicdo e riqueza de
borboletas estar bastante avancado em diferentes biomas brasileiros
ainda restam lacunas a serem investigadas, mesmo no Bioma Mata
Atlantica, considerado o mais inventariado (Santos et al. 2008).
Assim, através de estudos de monitoramento ao longo de grande
parte da extenséo do bioma por mais de 35 anos, foi possivel registrar
uma riqueza superior a 2100 espécies, distribuida em seis distintas
regides faunisticas (Brown Junior & Freitas 2000a). Os mesmos
autores também identificaram regides com maior riqueza e grupos
taxondmicos considerados indicadores de mudancas ambientais e da
paisagem assim como algumas espécies raras e ameagadas (Brown
Junior & Freitas 2000a, b). Mesmo assim, com a intensifica¢do de
novos estudos, mais espécies vem sendo descobertas e descritas
(Freitas et al. 2011 e outras referéncias ali citadas).

Estudos ecoldgicos padronizados recentes com a fauna de
borboletas do Rio Grande do Sul mostram uma fauna rica, com
nimero de espécies aproximadamente igual a um terco do total
registrado para o Brasil, além da presenca de algumas espécies
indicadoras (Morais et al. 2007). No Bioma Mata Atlantica em
particular, esses estudos ainda estdo concentrados principalmente
em éreas de conservagdo localizadas na regido nordeste do estado,
como nas dreas de abrangéncia das formacdes de Floresta Ombrofila
Densa (Iserhard & Romanowski 2004, Iserhard et al. 2010) e Floresta
Ombroéfila Mista (incluindo as formagdes dos Campos de Cima da
Serra) (Teston & Corseuil 1999, 2000a, 2002a, Corseuil et al. 2004,
Romanowski et al. 2009, Iserhard et al. 2010, Pedrotti et al. 2011,
Ritter et al. 2011). Na formacao de Floresta Estacional Decidual,
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destacam-se os estudos de Giovenardi et al. (2008) e Bonfantti et al.
(2010) na regido norte do estado e Dessuy & Morais (2007) na regiao
central, jd no limite com a 4rea de abrangéncia do Bioma Pampa.

A escassez de unidades de conservacdo na regido central do
estado assim como o grau crescente de degradagdo e ameacga a
biodiversidade de seus habitats caracteristicos (Cechin et al. 2009,
Marchiori 2009) torna urgente a intensificacdo de estudos com fins
de fornecer subsidios para elaboracdo de estratégias e planos para
sua conservacdo. Algumas das dreas florestais em regeneracdo da
regido cobrem encostas de morros ou situam-se as margens de
cursos de dgua e encontram-se atualmente sob uma nova grande
ameaca que ¢ a mudanca da atual legislagdo do Cédigo Florestal
Brasileiro. Lembrando ainda que os habitats existentes em areas de
matas ciliares podem abrigar fauna significativa de borboletas ainda
ndo totalmente conhecida (Freitas 2010), com a vantagem adicional
de serem passiveis de servir como corredores de biodiversidade
(Tabarelli et al. 2010). O presente trabalho faz parte de amplo estudo
visando inventariar e descrever padroes de ocorréncia e distribuicao
das comunidades de borboletas do Rio Grande do Sul, através
de amostragens ecoldgicas padronizadas, e tem como objetivo
caracterizar a fauna de borboletas da regido da Barragem de Val de
Serra, municipio de Itaara, regido central do estado.

Material e Métodos

1. Area de estudo

O estudo foi realizado num fragmento de mata ciliar do Rio
Ibicui-Mirim, (29° 32’ 15” S and 53° 47’ 30” W), adjacente a
Barragem Rodolfo da Costa e Silva, mais conhecida como Barragem
de Val de Serra, com altitude média de 420 m, préximo ao topo do
Planalto Médio, municipio de Itaara. O clima € classificado como
temperado umido (Maluf 2000), com temperaturas médias anuais
entre 16 °C e 18 °C, com verdes quentes (média das maximas
28 °C) e invernos frios (média das minimas entre 8 °C e 10 °C)
(Pereira et al. 1989). As precipita¢des sdo regulares o ano todo, sem
estacdo seca definida, com indices pluviométricos anuais variando
entre 1500 mm a 1750 mm (Pereira et al. 1989). A fisionomia da
vegetagdo local pode ser caracterizada como um ecétono de Floresta
Estacional Decidual com elementos de Floresta Ombrdfila Mista
(Spathelf et al. 2000, Marchiori 2009). A vegetacio ciliar encontra-
se em estdgio sucessional secundario, sendo mais fechada apenas
préxima as margens do rio e estando conectada a vegetagdo arbustiva
com predominio de vassourinhas (Asteraceae) e presenca de algumas
mirtdceas como Acca sellowiana (Berg) Burret (goiabeira do campo).
Para mais detalhes sobre a composi¢ao floristica consultar Marchiori
(2009). A faixa estreita de mata ciliar estende-se pelo curso do rio
até a drea da Reserva Bioldgica Estadual do Ibicuf Mirim (4rea de
598,48 ha), localizada em drea de menor elevacio, ja no municipio
vizinho de Santa Maria.

A propriedade onde se localiza a Barragem é administrada
pela Companhia Riograndense de Saneamento (CORSAN) e assim
possui acesso restrito, por sediar uma das principais fontes de
abastecimento de dgua potdvel de Santa Maria. No local, entretanto,
existe perturbag@o antrépica decorrente da presenca de criagido de
gado bovino, proveniente de propriedades vizinhas.

2. Amostragem

No periodo de setembro de 2005 a setembro de 2006, foram
realizadas sete amostragens bimestrais, nas quais foi feita procura
ativa de borboletas com uso de rede entomoldgica durante o percurso
de trilhas padronizadas. As trilhas foram estabelecidas ao longo da
vegetacgdo secunddria arbustiva e em trechos de mata mais proximos
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da margem do rio e da escada da queda de dgua da barragem. As
amostragens foram feitas nos horarios de maior atividade das
borboletas, conforme o protocolo descrito por Paz et al. (2008) e o
esfor¢o amostral médio foi de quatro horas-rede entomolégica por
quatro amostradores por ocasido. Todas as borboletas avistadas foram
identificadas, registradas e/ou coletadas e posteriormente liberadas.
Quando ndo era possivel a identificacdo em campo, elas foram
acondicionadas em envelopes entomolégicos e levadas ao Laboratdrio
de Interagoes Inseto-Planta da Universidade Federal de Santa Maria
paraidentificagdo através de bibliografia especializada (Brown Junior
1992, Tyler et al. 1994, De Vries 1987, 1997, Canals 2000, 2003)
e/ou consultas a cole¢des de referéncia regionais e especialistas. Os
exemplares coletados foram montados e depositados na colecio de
referéncia do referido laboratério. A nomenclatura seguiu Lamas
(2004) e Mielke (2005).

3. Andlise dos dados

Foram analisados os valores totais de abundancia (N) e riqueza
(S) de espécies de borboletas. Também foi construida uma curva de
suficiéncia amostral e calculados os estimadores analiticos de riqueza
Michaelis-Menten (MM), Bootstrap, ACE, ICE, Chao 1, Chao 2,
Jackknife 1 (Jack 1) e Jackknife 2 (Jack 2) com uso do programa
EstimateS 8.0 (Colwell 2007). Posteriormente, tomaram-se como base
apenas os valores maximos e minimos de riqueza estimados obtidos.

Para confirmacao de novos registros para a regido
central e estado foram consultados os trabalhos de Biezanko
(1958, 1959a, b, 1960a, b, ¢, d, e, 1963), Biezanko & Mielke (1973),
Link et al. (1977, 1980), Biezanko et al. (1978), Mielke (1980a, b),
Teston & Corseuil (1998, 2000a, b, 2001, 2002a, b, 2008a, b, c),
Schwartz & Di Mare (2001), Kruger & Silva (2003), Corseuil et al.
(2004), Iserhard & Romanowski (2004), Quadros et al. (2004),
Marchiori & Romanowski (2006a, b), Teston et al. (2006), Dessuy
& Morais (2007), Giovenardi et al. (2008), Paz et al. (2008), Sackis
& Morais (2008), Bonfantti et al. (2009), Iserhard et al. (2010),
Pedrotti et al. (2011), Ritter et al. (2011), e Rosa et al. (2011).

Resultados e Discussao

Em 105 horas de amostragem, foram registrados 877 individuos,
pertencentes a 104 espécies (Tabela 1). De acordo com a curva de
acumulo de espécies (Figura 1), com intervalo de confianga de 95%,
a assintota ainda ndo foi atingida, indicando que um maior esforco de
amostragem aumentaria a estimativa da riqueza local de borboletas.
De acordo com os estimadores de riqueza calculados, os valores de
Chao2 (148,12 +17,37) e Jack 2 (165,95 + 4,19) expressariam melhor
ariqueza esperada do local. Posteriormente ao periodo amostral do
presente estudo, foram registradas mais trés espécies de borboletas
no local (Tabela 1), elevando a riqueza observada para 107, o que
representa quase metade da riqueza registrada até o momento para o
municipio vizinho de Santa Maria (Cechin et al. 2009).

Em relac@o a abundancia total de individuos, Nymphalidae foi
a familia mais representativa, (73,7% do total registrado), seguida
de Hesperiidae (13,7%), Pieridae (5,9%), Papilionidae (3,5%),
Lycaenidae (3,2%) e Riodinidae (1,1%). Em relag@o a riqueza total
de espécies, Nymphalidae também ficou em primeiro lugar em
representatividade (49% do total registrado) e Hesperiidae veio a
seguir (20,6%), seguida de Lycaenidae (8,8%), Pieridae (7,8%) e
Papilionidae e Riodinidae (ambas com 6,9% cada). De modo geral,
essa representatividade se assemelha aquela registrada para o estado
do Rio Grande do Sul como um todo (Morais et al. 2007), com
exce¢do da menor representatividade de Hesperiidae em relacio
a riqueza. Essas borboletas sdo conhecidas pela dificuldade de
amostragem, devido a sua raridade e comportamento de vdo rapido
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e vigoroso, e sua presenca pode indicar abundancia e regularidade de
recursos florais (Brown Junior & Freitas 1999, 2000a).

Nymphalidae é a familia mais diversa e com maior nimero
de espécies dentre as borboletas (Lamas 2008), e dentro desse
tdxon, mais de 75% da abundancia total registrada em Val de
Serra foram individuos das subfamilias Satyrinae, Nymphalinae e
Heliconinae. Os Satyrinae constituem o subgrupo mais rico dentro
da familia, seus adultos possuem dieta frugivora e na maioria usam
monocotiledoneas, abundantes em parte da drea de estudo, como
planta hospedeira (Beccaloni et al. 2008, Marin et al. 2011). Os
Heliconiinae sdo nectarivoros e associados a plantas hospedeiras da
familia Passifloraceae e os Nymphalinae possuem hébitos variados
e podem estar associados a ambientes perturbados (De Vries 1987,
Brown Junior & Freitas 1999).

As cinco espécies de borboletas mais abundantes em Val de Serra
foram os Nymphalidae Satyrinae Hermeuptychia hermes (Fabricius,
1775) (n = 95) e Yphthimoides celmis (Godart, [1824]) (n = 79),0
Heliconiinae Agraulis vanillae maculosa (Stichel, [1908]) (n = 44),
e os Nymphalinae Tegosa claudina (Eschscholtz, 1821) (n =42) e
Vanessa braziliensis (Moore, 1883) (n=36). Trés dessas espécies, H.
hermes, Y. celmis e V. braziliensis, também foram encontradas com
relativa abundancia em estudos anteriores realizados em fragmentos
de Floresta Estacional Decidual no centro (Dessuy & Morais 2007),
norte (Giovenardi et al. 2008) e em outras regides do estado do Rio
Grande do Sul (Morais et al. 2007). A sistemadtica dos Satyrinae ainda
ndo estd completamente elucidada (Marin et al. 2011) e, de acordo com
estudo de revisdo recente com as espécies do género Hermeuptychia,
mais de uma espécie desse grupo poderiam ser encontradas em
simpatria no Rio Grande do Sul (N. S. Pereira, dados ndo publicados).
T. claudina é uma espécie abundante no estado (Morais et al. 2007),
e seus individuos sdo encontrados em ambientes florestais e abertos
perturbados tanto na Floresta Estacional Decidual da regido norte
do estado (Giovenardi et al. 2008, Bonfantti et al. 2009) como na
Floresta Ombrofila Mista (Grazia et al. 2008, Romanowski et al.
2009, Iserhard et al. 2010, Ritter et al. 2011). V. braziliensis também
é considerada espécie comum em ambientes antropizados (Sackis &
Morais 2008) e também ambientes secundarios da Floresta Ombréfila
Mista, sendo tipica de locais abertos em alto de morros (Grazia et al.
2008, Romanowski et al. 2009).

140 -
120 -
100 -
80 -

60 -

Espécies

40

20 A

Amostragens

Figura 1. Nimero cumulativo de espécies de borboletas registradas em sete
ocasides amostrais, com intervalos de confianca de 95%, em Val de Serra,
municipio de Itaara, Rio Grande do Sul, de setembro de 2005 a setembro
de 2006.

Figure 1. Cumulative number of butterfly species registered on seven sampling
occasions, with 95% confidence intervals, in Val de Serra, Itaara municipality,
Rio Grande do Sul State, from September 2005 to September 2006.

http://www .biotaneotropica.org.br



178

Morais, A.B.B. et al.

Biota Neotrop., vol. 12, no. 2

Tabela 1. Borboletas (Lepidoptera: Hesperioidea e Papilionoidea) registradas em Val de Serra, municipio de Itaara, Rio Grande do Sul, Brasil.

Table 1. Butterflies (Lepidoptera: Hesperioidea and Papilionoidea) registered in Val de Serra, Itaara municipality, Rio Grande do Sul State, Brazil.

Familia/Subfamilia Espécie N
HESPERIIDAE (S =21)
Pyrginae (S = 12) Achlyodes mithridates thraso (Hiibner, 1807) 11
Codatractus aminias (Hewitson, 1867) 2
Gorgythion sp. 3
Heliopetes arsalte arsalte (Linnaeus, 1758) 18
Heliopetes omrina (Butler, 1870) 3
Pellicia sp.* 1
Pyrgus orcus (Stoll, 1780) 31
Urbanus doryssus albicuspis (Herrich-Schiffer, 1869) 3
Urbanus proteus proteus (Linnaeus, 1758) 2
Urbanus teleus (Hiibner,1821) 13
Urbanus sp.* 1
Xenophanes tryxus (Stoll, 1780) 2
Hesperiinae (S =9) Callimormus rivera (Plotz, 1882) 3
Conga chydaea (Butler, 1877)* 1
Conga iheringii (Mabille, 1891) 7
Panoquina ocola (W.H. Edwards, 1863)* 1
Polites vibex catilina (Plotz, 1886) 8
Psoralis stacara (Schaus, 1902) 2
Vehilius clavicula (Plotz, 1884) 3
Vehilius inca (Scudder, 1872)* 1
Wallengrenia premnas (Wallengren, 1860) 4
PAPILIONIDAE (S =7)
Papilioninae (S = 7) Battus polydamas polydamas (Linnaeus, 1758) 5
Euryades corethrus (Boisduval, 1836) 2
Heraclides anchisiades capys (Hiibner, [1809]) 2
Heraclides astyalus astyalus (Godart, 1819) 4
Heraclides hectorides (Esper, 1794) 13
Heraclides thoas brasiliensis (Rothschild & Jordan, 1906) 3
Pterourus scamander grayi (Boisduval, 1836) 2
PIERIDAE (S =9)
Dismorphiinae (S = 2) Enantia lina psamathe (Fabricius, 1793) 2
Pseudopieris nehemia (Boisduval, 1836)* 1
Coliadinae (S = 5) Eurema albula (Cramer, 1775) X
Eurema deva deva (Doubleday, 1847) 19
Eurema elathea flavescens (Chavannes, 1850) 6
Phoebis neocypris neocypris (Hiibner, [1823]) 20
Phoebis philea philea (Linnaeus, 1763) 2
Pierinae (S = 2) Hesperocharis erota (Lucas, 1852)* 1
Teochila maenacte itatiayae (Foetterle, 1902)* 1
LYCAENIDAE (S=9)
Theclinae (S = 8) Arawacus binangula (Schaus, 1902)* 1
Arawacus meliboeus (Fabricius, 1793) 4
Arcas ducalis (Westwood, 1852)* 1
Calycopis caulonia (Hewitson, 1877) 5
Laothus phydela (Hewitson, 1867)* 1
Rekoa malina (Hewitson, 1867)* 1
Rekoa meton (Cramer, 1779) 2
Theritas triquetra (Hewitson, 1865) 2

(N = Abundancia; S = Riqueza; * = espécies “singleton”; X = espécies encontradas fora do periodo amostral). (N = Abundance; S = Richness; * = singleton
species; X = species sampled outside sampling period).
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Familia/Subfamilia Espécie N
Polyommatinae (S = 1) Leptotes cassius (Cramer, 1775)* 1
RIODINIDAE (S=7)

Euselasiinae (S=1) Euselasia eucerus (Hewitson, 1872) 3
Riodininae (S = 6) Calephelis aymaran McAlpine,1971% 1
Chorinea licursis (Fabricius, 1775)* 1

Emesis fatimella Westwood, 1851% 1

Emesis mandana (Cramer, 1780)* 1

Mesosemia odice (Godart, [1824])* 1

Riodina lycisca (Hewitson, [1853]) 2

NYMPHALIDAE (S = 54)

Ithomiinae (S = 6) Dircenna dero celtina Burmeister, 1878 2
Episcada hymenaea hymenaea (Prittwitz, 1865) 2

Epityches eupompe (Geyer, 1832)* 1

Methona themisto (Hiibner, 1818) 7

Pseudoscada erruca (Hewitson, 1855)* 1

Pteronymia carlia Schaus, 1902 * 1

Satyrinae (S =9) Blepolenis batea batea (Hiibner, [1821]) 3
Eteona tisiphone (Boisduval, 1836)* 1

Forsterinaria necys (Godart, [1824])* 1

Hermeuptychia hermes (Fabricius, 1775) 95

Morpho aega aega (Hiibner,[1822]) 2

Morpho epistrophus catenaria (Perry, 1811) 5

Paryphthimoides phronius (Godart, [1824]) 3

Praepedaliodes phanias (Hewitson, 1862) 3
Yphthimoides celmis (Godart, [1824]) 79

Charaxinae (S=1) Zaretis strigosus (Gmelin 1790)* 1
Biblidinae (S = 7) Biblis hyperia nectanabis (Fruhstorfer, 1909) 12
Callicore pygas thamyras (Ménétriés, 1857) 6

Diaethria candrena candrena (Godart, [1824]) 9

Dynamine agacles agacles (Dalman, 1823)* 1
Dynamine myrrhina (Doubleday, 1849) 16
Eunica eburnea Fruhstorfer, 1907 17

Hamadryas epinome (C.Felder & R.Felder, 1867) 7
Apaturinae (S =1) Doxocopa laurentia laurentia (Godart, [1824]) 23
Nymphalinae (S = 13) Anartia amathea roeselia (Eschscholtz, 1821) 8
Chlosyne lacinia saundersi (Doubleday, [1847]) X

Eresia lansdorfi (Godart, 1819)* 1

Hypanartia bella (Fabricius, 1793)* 1

Hypanartia lethe (Fabricius, 1793) 4
Junonia evarete (Cramer, 1779) 27

Ortilia dicoma (Hewitson, 1864)* 1

Ortilia ithra (W F. Kirby, 1900) 8

Ortilia orthia (Hewitson, 1864) 2

Siproeta epaphus trayja Hiibner, [1823] 9

Siproeta stelenes meridionalis (Fruhstorfer, 1909) X
Tegosa claudina (Eschscholtz, 1821) 42
Tegosa orobia orobia (Hewitson, 1864) 34
Vanessa braziliensis (Moore, 1883) 36

Vanessa myrinna (Doubleday, 1849)* 1

(N = Abundancia; S = Riqueza; * = espécies “singleton”; X = espécies encontradas fora do periodo amostral). (N = Abundance; S = Richness; * = singleton
species; X = species sampled outside sampling period).
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Tabela 1. Continuac@o...
Table 1. Continued...

Familia/Subfamilia Espécie N
Limenitidinae (S = 3) Adelpha mythra (Godart, [1824]) 9
Adelpha syma (Godart, [1824]) 30
Adelpha thessalia indefecta Fruhstorfer, 1913* 1
Heliconiinae (S = 12) Actinote carycina Jordan, 1913 6
Actinote discrepans d’ Almeida, 1958%* 1
Actinote mamita mamita (Burmeister, 1861)* 1
Actinote melanisans Oberthiir, 1917 2
Actinote pyrrha (Fabricius, 1775) 2
Agraulis vanillae maculosa (Stichel, [1908]) 44
Dione juno juno (Cramer, 1779) 10
Dryadula phaetusa (Linnaeus, 1758) 2
Dryas iulia alcionea (Cramer, 1779) 31
Euptoieta hortensia (Blanchard, 1852) 12
Heliconius erato phyllis (Fabricius, 1775) 18
Heliconius ethilla narcaea Godart, 1819 5
Abundancia total 877

(N = Abundancia; S = Riqueza; * = espécies “singleton”; X = espécies encontradas fora do periodo amostral). (N = Abundance; S = Richness; * = singleton

species; X = species sampled outside sampling period).

T. orobia orobia (Hewitson, 1864) foi a sexta espécie mais
abundante na drea de estudo (n = 34) e merece destaque por
representar um registro recente para Floresta Ombrdfila Mista do Rio
Grande do Sul (Iserhard et al. 2010). Essa espécie ja foi registrada ha
mais tempo para a regido do planalto centro-sul do estado do Parand,
cujas fisionomias vegetais incluem Floresta Ombréfila Mista, Campos
Naturais e Floresta Estacional Semidecidual (Dolibaina et al. 2011).
Apesar de ndo ter sido identificada a planta hospedeira dessa espécie
de Tegosa na drea de estudo, pertencente a familia Acanthaceae, havia
uma grande abundancia de plantas herbaceas da familia Verbenaceae
(género Glandularia) utilizadas para oviposi¢cdo por 7. claudina
(Beccaloni et al. 2008).

Algumas outras espécies de Nymphalidae consideradas comuns
e caracteristicas da Floresta Ombréfila Mista do Rio Grande
do Sul, (Grazia et al. 2008, Romanowski et al. 2009), foram
registradas em Val de Serra, como Adelpha syma (Godart, [1824])
e Doxocopa laurentia laurentia (Godart, [1824]), mais abundantes,
e Morpho epistrophus catenaria (Perry, 1811), associada a Mata
Atlantica, e com apenas cinco individuos registrados no més de
janeiro. Todas elas também foram observadas na Floresta Estacional
Decidual do centro e norte do estado (Link et al. 1980, Dessuy &
Morais 2007, Giovenardi et al. 2008, Bonfantti et al. 2009).

A espécie mais abundante de Hesperiidae encontrada,
Pyrgus orcus (Stoll, 1780), é considerada comum em ambientes
campestres conservados no Rio Grande do Sul (Morais et al. 2007),
embora também esteja presente em ambientes perturbados (Sackis
& Morais 2008). Também pertencentes a mesma familia, Polites
vibex catilina (Plotz, 1884) e Vehilius inca (Scudder, 1872) foram
menos abundantes em Val de Serra, mas sdo mencionados como
espécies tipicas de vegetacio de campos naturais no estado do Parand
(Dolibaina et al. 2011).

Os Pieridae mais abundantes em Val de Serra foram
Phoebis neocypris neocypris (Hiibner, [1823]) e Eurema deva deva
(Doubleday, 1847). Os individuos da primeira espécie também sdo
mais comuns no Rio Grande do Sul (Morais et al. 2007) e em ambos
os tipos de Floresta, Estacional Decidual e Ombréfila Mista, quando
comparado com a segunda espécie, bem menos representada na

http://www .biotaneotropica.org.br

Floresta Ombrofila Mista (Link et al. 1977, Dessuy & Morais 2007,
Giovenardi et al. 2008, Grazia et al. 2008, Romanowski et al. 2009,
Iserhard et al. 2010).

A espécie mais abundante de Papilionidae amostrada foi
Heraclides hectorides (Esper, 1794), considerada comum no
municipio de Santa Maria e associada a maior cobertura vegetal
(Schwartz & Di Mare 2001). Individuos machos dessa espécie
também foram encontrados nas margens do rio na drea da Reserva
Biol6gica Estadual do Ibicui Mirim, contigua a drea de estudo,
(A.B.B. Morais, dados ndo publicados), confirmando sua preferéncia
por ambientes com areia imida (Brown Junior 1992).

De acordo com a bibliografia consultada, uma espécie de
Lycaenidae constitui-se em novo registro para o estado do Rio Grande
do Sul: Rekoa meton (Cramer, 1779) (Val de Serra, 16.111.2006,
Robbins det.;, Ritter leg.). Essa borboleta consta da lista de espécies
da Mata Atlantica de Santa Teresa, Espirito Santo (Brown Junior
& Freitas 2000a) e esta referida como de ocorréncia incomum na
Serra do Japi, estado de Sdo Paulo (Brown Junior 1992). Outras
quatro espécies, todas registradas uma unica vez (“singletons”),
constituem-se em primeiros registros para a regido central do Rio
Grande do Sul, o Nymphalidae Dynamine agacles agacles (Dalman,
1823), o Hesperiidae Conga chydaea (Butler, 1877), o Riodinidae
Emesis mandana (Cramer, 1780), e o Pieridae Hesperocharis herota
(Lucas, 1852). Enquanto a primeira espécie ja possui registros para
aregido norte do Estado, nas Florestas Ombroéfila Densa (Iserhard &
Romanowski 2004) e Ombrofila Mista (Ritter et al. 2011), as outras
duas foram encontradas no sul do estado, em Pelotas (Biezanko
1963, Kriiger & Silva 2003). E H. erota constitui-se em uma espécie
tipica de ambientes de altitude na borda da Floresta Ombréfila Mista
e Campos de Cima da Serra (Grazia et al. 2008, Romanowski et al.
2009).

Dois individuos do papilionideo Troidini Euryades corethrus
(Boisduval, 1836) foram amostrados na drea de vegetacio arbustiva
de Val de Serra. Apesar de endémica dos campos naturais da regido
sul do Brasil (Tyler et al. 1994, Dolibaina et al. 2011) e ocorrer com
relativa abundancia em dreas campestres de Santa Maria (A.B.B
Morais, dados néo publicados), a biologia populacional dessa espécie
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ainda € pouco conhecida. No estado do Paran, ela faz parte da lista
vermelha de espécies ameacadas e recentemente foi proposta uma
alteracdo de seu critério de ameaca da categoria em perigo (EN) para
espécie criticamente em perigo (CR), devido a ameaga de perda de
seu habitat natural, além da auséncia de unidades de conservacdo
representativas desse tipo de vegetac@o (Dolibaina et al. 2010). Esse
mesmo tipo de ameaga também estd presente no Rio Grande do Sul,
como a conversdo de areas para pastoreio intensivo, degradacio
de habitat, introdu¢do de espécies exdticas e caréncia de dreas de
conservagdo representativas dos campos sulinos (Overbeck et al.,
2007).

Merece destaque o registro em Val de Serra da espécie “singleton”
Arcas ducalis (Westwood, 1852), Lycaenidae considerado indicador
de ambientes bem preservados de Mata Atlantica (Brown Junior
& Freitas 2000a). Na regido sul, representantes dessa espécie t€ém
sido registrados no estado do Parand (Dolibaina et al. 2010, 2011).
Porém no Rio Grande do Sul sé havia poucos registros anteriores, no
sul do estado (Kriiger & Silva 2003) e regido nordeste, em drea de
abrangéncia de Floresta Ombrofila Densa, acima de 400 m de altitude
(Iserhard & Romanowski 2004, Morais et al. 2007).

Assim, mesmo decorrente de inventario feito com relativamente
pequeno esfor¢o amostral, foi registrada uma assembléia de
borboletas com riqueza e composicao representativas em Val de Serra.
A heterogeneidade ambiental e a abundancia de recursos hidricos
constituem-se em condigdes importantes para preservagdo dessa
fauna no local. Apesar de localizada no limite sul da distribuicio do
Bioma Mata Atlantica, foram amostradas na drea de estudo espécies
caracteristicas das duas formacdes florestais, Floresta Estacional
Decidual e Floresta Ombroéfila Mista, além de algumas associadas
a campos. Lembrando que esse fragmento pode funcionar como
corredor de biodiversidade por conectar-se com area florestal contigua
da Reserva Bioldgica Estadual do Ibicui Mirim, recomenda-se a
necessidade de incrementar os esfor¢os para a conservagio da drea
e estimular novos estudos ecoldgicos com a biodiversidade local.
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Nest stolen: the first observation of nest predation by an invasive exotic marmoset
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ALEXANDRINO, E.R., LUZ, D.T.A., MAGGIORINI, E.V. & FERRAZ, K.M.P.M.B. Nest stolen: the first
observation of nest predation by an invasive exotic marmoset (Callithrix penicillata) in an agricultural mosaic.
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Abstract: Invasive exotic species can negatively impact local biodiversity. We present here a report of a nest
predation of an endemic bird species, variable oriole (Icterus pyrrhopterus) by the introduced black-tufted
marmoset (Callithrix penicillata) in an agricultural landscape highly disturbed by human activities. Two nestlings
were predated, by adults of the introduced marmoset during two alternate days. Antipredator behavior and vocal
mimicry were observed in variable oriole, while copulation was observed in black-tufted marmoset during the
predation. The use of mobbing against predators by I. pyrrhopterus was observed and it is described here by the
first time. The potential impact of the introduced marmosets to local biodiversity is discussed.

Keywords: invasive alien species, birds, mobbing behaviour, nest predation, nest defense.

ALEXANDRINO, E.R,, LUZ,D.T.A., MAGGIORINI, E.V. & FERRAZ, K.M.P.M.B. Saque a ninho: primeira
observacao de predagéo de ninho por um sagui exético invasor (Callithrix penicillata) em um mosaico agricola.
Biota Neotrop. 12(2): http://www.biotaneotropica.org.br/v12n2/pt/abstract?short-communication+bn01612022012

Resumo: Espécies exoticas invasoras podem impactar negativamente a biodiversidade de um local. Nds descrevemos
aqui um relato de predagdo a um ninho de uma espécie de ave endémica, inhapim (Icterus pyrrhopterus) pelo
sagui-de-tufo-preto (Callithrix penicillata), espécie exdtica invasora, em uma paisagem agricola altamente
impactada pelas atividades humanas. Dois ninhegos foram predados por adultos de sagui em dois dias alternados.
Durante a predacéo foram observados comportamento anti-predatorio e imitages vocais pelo inhapim, e atividade
de copula do sagiis-de-tufo-preto. Descrevemos também o primeiro relato do uso de mobbing por I. pyrrhopterus
contra predadores. O impacto potencial dos saglis introduzidos na biodiversidade local € discutido.

Palavras-chave: espécies invasoras, aves, interacdo interespecifica, mobbing, predacgéo de ninhos, defesa de ninho.
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Introduction

Biological invasions by exotic species are considered one of the
greatest threats to biodiversity driving losses in the biological diversity
of native species and populations (Lodge 1993, Vitousek et al.
1997a, b, McGeoch et al. 2010). The enormous impact of non-native
species is often irreversible, especially when invaders are biotic
disturbance agents, altering the ecosystem structure and function
(Vitousek 1990, Mack & D’Antonio 1998). The clear effects on
ecosystem-level properties are related to differences in resource
acquisition and/or use efficiency, the alteration of trophic structure
of the area invaded, or the alteration of disturbance frequency and/
or intensity (Vitousek 1990, Crooks & Soulé 1999).

Abundant mesopredators can negatively affect avian community
by nest predation (Rogers & Caro 1998, Crooks & Soulé 1999,
Galetti et al. 2009). Nest predation is considered the main cause of
nest failure in tropical birds (Skutch 1985, Wilcove 1985, Roper &
Goldstein 1997), being more frequent in fragmented and urban areas
(Wilcove 1985, Robinson et al. 1995). Nest predation may increase
with fragmentation (Robinson et al. 1995) and human density
(Jokimaki & Huhta 2000, Thorington & Bowman 2003).

The presence of introduced marmosets in southeastern Brazil has
been reported as a potential threat to local biodiversity. Marmosets
could compete with other primate species and birds for resources
(Negréo & Valladares-Padua 2006, Ruiz-Miranda et al. 2006, Lyra-
Neves et al. 2007), depredate birds and eggs (Lyra-Neves et al.
2007, Begotti & Landesmann 2008, Galetti et al. 2009), hybridize
with conspecifics (Alonso et al. 1987, Passamani et al. 1997, Nunes
2006, Ruiz-Miranda et al. 2006, Begotti & Landesmann 2008), and
be vehicles for the introduction of new pathogens (Sales et al. 2010).

In this context, we described here the first well documented
nest predation event by an introduced and opportunistic species, the
black-tufted marmoset (Callithrix penicillata E. Geoffroy 1812), ona
native bird species, the variable oriole (Icterus pyrrhopterus Vieillot
1819) having a highly disturbed agricultural mosaic as a background.
The marmoset inhabits mature gallery forests of the Brazilian Central
Plateau, with a distribution ranging from the states of Maranhao
and southwest Piaui to the north of Sdo Paulo, including most of
Bahia, Minas Gerais and Goias (Vivo 1991, Rylands et al. 1993), but
nowadays, the species is widely distributed in the whole southeastern
Brazil. The species are able to live in the most unfavorable and
anthropogenic environments possibly due to their general habitat
requirements, large food niche breadth, and high capacity to adapt to
disturbed areas. Their diet includes insects, spiders, small vertebrates,
bird’s eggs, fruits, seeds and tree exudates (Nowak & Paradiso 1983,
Miranda & Faria 2001, Vilela & Faria 2002, Mamede & Alho 2008).
The distribution of food resources can influence their home range
size (Castro 2003), reaching up 18.5 ha (Miranda & Faria 2001). The
threat of niche overlapping and competition for resources between
C. penicilatta and Callithrix aurita (E. Geoffroy 1812) (endemic
species from semideciduous forest) and Leontopithecus rosalia
(Linnaeus 1766) (the reintroduced endangered golden lion tamarin)
have been reported (Stevenson & Rylands 1988, Ruiz-Miranda et al.
2006). The abundance of introduced marmosets in southeastern
Brazil and its great potential for adaptation and colonization of new
habitats have triggered a number of questions about its impact on
local biodiversity.

Material and Methods

We observed a predation event that occurred in a tropical garden
close to a university building in the “Luiz de Queiroz” campus
(Piracicaba, S&o Paulo, Southeastern Brazil) (Figure 1). The area
is characterized as an agricultural mosaic formed by urban areas,
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pasture, experimental plantations of annual and perennial crops,
reforestation’s areas and forest remnants (Sparovek 1993). The entire
predation event lasted three consecutive days (April 2011), but the
attacks were observed only in the first and in the third day. The event
was observed with binoculars, documented by photos and video, and
then transcribed in detail.

Results and Discussion

Two nestlings (around 5-8 days old) were depredated, one per
each day, by adults of introduced marmoset during two alternate days.
The day before the first attack, a nest of |. pyrrhopterus with three
nestlings was found on a palm leaf which broke away from the canopy
(15 m) and fell down over the bushes (2.5 m). Adults of I. pyrrhopterus
stayed with the nestlings, feeding them and actively defending the
territory even after nest had fallen. The day after the fall, we observed
the first predation on the nest by an adult of C. penicillata (about 4
pm), while four other individuals (two adults and two infants) were
also present. An adult marmoset ate the nestling without sharing it
with the rest of the group. Although this group is often seen foraging
together every day in the afternoon on the same site, this was the
first time that predation of nestlings was observed and reported on
campus. Two days later, we observed a new attack to the same nest
by the same group (Figure 2). An adult female approached, grabbed
the second nestling, while others remained a few meters away. After
the capture, the predator moved away from the nest with the prey
in its hands and ate it almost completely (head, wings and breast)
(Figure 3) sharing only a small part with a male which compete for
food with her. While the female was still eating, we observed the male
searching for a new prey in the nest that was empty. After finishing,
the male approached and copulated with the female. The copulation
lasted just a few seconds. At the end, the marmosets moved away. As
the nest was empty after the second predation observed we assumed
the third nestling was depredated one day before.

The antipredator behavior of I. pyrrhopterus was documented
only on the last predation. During the whole predation event
(approaching, capture and feeding) the parents remained very
close to the nest vocalizing intensively while the marmosets were
in the site. We observed alarm calls and vocal mimicry from
both 1. pyrrhopterus. Species such as campo flicker (Colaptes
campestris Vieillot 1818), roadside hawk (Rupornis magnirostris
Gmelin 1788), sapphire-spangled emerald (Amazilia lactea Lesson
1832), boat-billed flycatcher (Megarynchus pitangua Linnaeus
1766), great kiskadee (Pitangus sulphuratus Linnaeus 1766) and
smooth-billed ani (Crotophaga ani Linnaeus 1758) were imitated
by parents. All mimics lasted less than one second, and were mixed
with sharp notes that are common on the I. pyrrhopterus. They also
produced a sequence of calls of two flock species of Psitacidae,
yellow-chevroned parakeet (Brotogeris chiriri Vieillot 1818) and
blue-winged parrotlet (Forpus xanthopterygius Spix 1824). These
calls indeed attracted species that were mimicked, like sapphire-
spangled emerald (Amazilia lactea), but also non-mimicked such
as bananaquit (Coeraba flaveola Linnaeus 1758) and pale-breasted
thrush (Turdus leucomelas Vieillot 1818).

This mimicry behavior has been previously described for
1. cayannensis in Argentina by Fraga (1987). Although, vocal mimicry
was not observe during a nest predation event, Fraga (1987) inferred
that the behavior might reduce predation risk (Morton 1976, Morse
1977). Our observation is consistent with this supposition and we
believe that I. pyrrhopterus mimics started mobbing (Altmann 1956,
Wilson 1975, Krams et al. 2009) the predator. VVocal mimics were
only performed while the marmosets remained near the nest and when
the depredation began. In all other situations only the species-specific
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alarm calls were performed. Aggressive flights at marmosets, but  species (Knight & Temple 1986, Breitwisch 1988, Arnold 2000,
without physical contact, followed by vocal bass notes, were also Hogstad 2004, Lyra-Neves et al. 2007).
observed. Defense of the nest from predator is also reported in other

100 0 100 200 meters

Figure 1. Predation site in Piracicaba, S&o Paulo state, Brazil.
Figura 1. Local da predacdo em Piracicaba, Estado de S&o Paulo, Brasil.

C

Figure 2. The parental of variable oriole (Icterus pyrrhopterus) (a) close
to the nest (b) before attack predation by the black-tufted marmoset Figure 3. The black-tufted marmoset (Callithrix penicillata) predating a

(Callithrix penicillata) (c). nestling of variable oriole (Icterus pyrrhopterus).
Figura 2. Parental de inhapim (Icterus pyrrhopterus) (a) proximo do ninho Figura 3. Sagi-de-tufo-preto (Callithrix penicillata) predando um ninhego
(b) antes da predacéo feita pelo sagi-de-tufo-preto (Callithrix penicillata) (c). de inhapim (Icterus pyrrhopterus).
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Despite being a single-event, this predation report may illustrate
the possible impact of this invasive species on native bird species.
Investigation about its real impact as the possible impact mitigation
actions should be proposed and implemented. Our observation of nest
predation suggests that exotic marmosets have the potencial to act as
predators of native birds and, thus, may harm local avian populations.
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Editorial

RESILIENT PEOPLE RESILIENT PLANET: A Future Worth Choosing

In 2030, a child born in 2012 — the year our report is published — will turn 18. Will we have done enough in the interve-

ning years to give her the sustainable, fair and resilient future that all of our children deserve? This report is an effort to give
her an answer.

1.

10.

11.

12.

Today our planet and our world are experiencing the best of times, and the worst of times. The world is experiencing unprecedented
prosperity, while the planet is under unprecedented stress.

Every day, millions of choices are made by individuals, businesses and governments. Our common future lies in all those choices.
Because of the array of overlapping challenges the world faces, it is more urgent than ever that we take action to embrace the principles
of the sustainable development agenda. It is time that genuine global action is taken to enable people, markets and governments to make
sustainable choices.

The need to integrate the economic, social and environmental dimensions of development so as to achieve sustainability was clearly
defined a quarter of a century ago. It is time to make it happen.

The challenges we face are great, but so too are the new possibilities that appear when we look at old problems with new and fresh eyes.
These possibilities include technologies capable of pulling us back from the planetary brink; new markets, new growth and new jobs
emanating from game-changing products and services; and new approaches to public and private finance that can truly lift people out of
the poverty trap.

The long-term vision of the High-level Panel on Global Sustainability is to eradicate poverty, reduce inequality and make growth inclusive,
and production and consumption more sustainable, while combating climate change and respecting a range of other planetary boundaries.
This reaffirms the landmark 1987 report by the World Commission on Environment and Development, “Our Common Future” (United
Nations document A/42/427, annex), known to all as the Brundtland report.

But what, then, is to be done if we are to make a real difference for the world’s people and the planet? We must grasp the dimensions
of the challenge. We must recognize that the drivers of that challenge include unsustainable lifestyles, production and consumption
patterns and the impact of population growth. As the global population grows from 7 billion to almost 9 billion by 2040, and the number
of middle-class consumers increases by 3 billion over the next 20 years, the demand for resources will rise exponentially. By 2030, the
world will need at least 50 per cent more food, 45 per cent more energy and 30 per cent more water — all at a time when environmental
boundaries are throwing up new limits to supply. This is true not least for climate change, which affects all aspects of human and planetary
health.

The current global development model is unsustainable. We can no longer assume that our collective actions will not trigger tipping
points as environmental thresholds are breached, risking irreversible damage to both ecosystems and human communities.

A quarter of a century ago, the Brundtland report introduced the concept of sustainable development to the international community as
a new paradigm for economic growth, social equality and environmental sustainability. The report argued that sustainable development
could be achieved by an integrated policy framework embracing all three of those pillars. The Brundtland report was right then, and it
remains right today. The problem is that, 25 years later, sustainable development remains a generally agreed concept, rather than a day-
to-day, on-the-ground, practical reality. The Panel has asked itself why this is the case, and what can now be done to change that.

The Panel has concluded that there are two possible answers. They are both correct, and they are interrelated. Sustainable development
has undoubtedly suffered from a failure of political will. It is difficult to argue against the principle of sustainable development, but there
are few incentives to put it into practice when our policies, politics and institutions disproportionately reward the short term. In other
words, the policy dividend is long-term, often intergenerational, but the political challenge is often immediate.

There is another answer to this question of why sustainable development has not been put into practice. It is an answer that we argue
with real passion: the concept of sustainable development has not yet been incorporated into the mainstream national and international
economic policy debate. Most economic decision makers still regard sustainable development as extraneous to their core responsibilities
for macroeconomic management and other branches of economic policy. Yet integrating environmental and social issues into economic
decisions is vital to success.

For too long, economists, social activists and environmental scientists have simply talked past each other — almost speaking different
languages, or at least different dialects. The time has come to unify the disciplines, to develop a common language for sustainable
development that transcends the warring camps; in other words, to bring the sustainable development paradigm into mainstream economics.
That way, politicians and policymakers will find it much harder to ignore.

That is why the Panel argues that the international community needs what some have called “a new political economy” for sustainable
development. This means, for example: radically improving the interface between environmental science and policy; recognizing that in
certain environmental domains, such as climate change, there is “market failure”, which requires both regulation and what the economists
would recognize as the pricing of “environmental externalities”, while making explicit the economic, social and environmental costs of
action and inaction; recognizing the importance of innovation, new technologies, international cooperation and investments responding
to these problems and generating further prosperity; recognizing that an approach should be agreed to quantify the economic cost of
sustained social exclusion — for example, the cost of excluding women from the workforce; recognizing that private markets alone may
be incapable of generating at the scale necessary to bring about a proper response to the food security crisis; and requiring international
agencies, national Governments and private corporations to report on their annual sustainable development performance against agreed
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sustainability measures. We must also recognize that this is a core challenge for politics itself. Unless the political process is equally
capable of embracing the sustainable development paradigm, there can be no progress.

The scale of investment, innovation, technological development and employment creation required for sustainable development and
poverty eradication is beyond the range of the public sector. The Panel therefore argues for using the power of the economy to forge
inclusive and sustainable growth and create value beyond narrow concepts of wealth. Markets and entrepreneurship will be a prime driver
of decision-making and economic change. And the Panel lays down a challenge for our Governments and international institutions: to
work better together in solving common problems and advancing shared interests. Quantum change is possible when willing actors join
hands in forward-looking coalitions and take the lead in contributing to sustainable development.

The Panel argues that by embracing a new approach to the political economy of sustainable development, we will bring the sustainable
development paradigm from the margins to the mainstream of the global economic debate. Thus, both the cost of action and the cost
of inaction will become transparent. Only then will the political process be able to summon both the arguments and the political will
necessary to act for a sustainable future.

The Panel calls for this new approach to the political economy of sustainable development so as to address the sustainable development
challenge in a fresh and operational way. That sustainable development is right is self-evident. Our challenge is to demonstrate that it is
also rational — and that the cost of inaction far outweighs the cost of action.

The Panel’s report makes a range of concrete recommendations to take forward our vision for a sustainable planet, a just society and a
growing economy:

a. Itis critical that we embrace a new nexus between food, water and energy rather than treating them in different “silos”. All three need to be fully
integrated, not treated separately if we are to deal with the global food security crisis. It is time to embrace a second green revolution — an “ever-
green revolution” — that doubles yields but builds on sustainability principles;

b. Itis time for bold global efforts, including launching a major global scientific initiative, to strengthen the interface between science and policy. We
must define, through science, what scientists refer to as “planetary boundaries”, “environmental thresholds™ and “tipping points”. Priority should be
given to challenges now facing the marine environment and the “blue economy”’;

¢ Most goods and services sold today fail to bear the full environmental and social cost of production and consumption. Based on the science, we
need to reach consensus, over time, on methodologies to price them properly. Costing environmental externalities could open new opportunities for
green growth and green jobs;

d. Addressing social exclusion and widening social inequity, too, requires measuring them, costing them and taking responsibility for them. The next
step is exploring how we can deal with these critical issues to bring about better outcomes for all;

e. Equity needs to be at the forefront. Developing countries need time, as well as financial and technological support, to transition to sustainable
development. We must empower all of society — especially women, young people, the unemployed and the most vulnerable and weakest sections
of society.

f. Any serious shift towards sustainable development requires gender equality. Half of humankind’s collective intelligence and capacity is a resource
we must nurture and develop, for the sake of multiple generations to come.

g. Many argue that if it cannot be measured, it cannot be managed. The international community should measure development beyond gross domestic
product (GDP) and develop a new sustainable development index or set of indicators;

h. Financing sustainable development requires vast new sources of capital from both private and public sources. It requires both mobilizing more public
funds and using global and national capital to leverage global private capital through the development of incentives.

i. Governments at all levels must move from a silo mentality to integrated thinking and policymaking. They must bring sustainable development to the
forefront of their agendas and budgets and look at innovative models of international cooperation. Cities and local communities have a major role to
play in advancing a real sustainable development agenda on the ground;

j- International institutions have a critical role. International governance for sustainable development must be strengthened by using existing institutions
more dynamically and by considering the creation of a global sustainable development council and the adoption of sustainable development goals;

k. Governments and international organizations should increase the resources allocated to adaptation and disaster risk reduction and integrate resilience
planning into their development budgets and strategies;

1. Governments, markets and people need to look beyond short-term transactional agendas and short-term political cycles. Incentives that currently
favour short-termism in decision-making should be changed. Sustainable choices often have higher up-front costs than business as usual. They need
to become more easily available, affordable and attractive to both poor consumers and low-income countries.

This Panel believes it is within the wit and will of our common humanity to choose for the future. This Panel therefore is on the side of
hope. All great achievements in human history began as a vision before becoming a reality. The vision for global sustainability, producing

both a resilient people and a resilient planet, is no different.

Extracted from the Report of the UN Secretary General High Level Panel on Global Sustainability
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ROQUE, F.O., LIMA, D.V.M,, SIQUEIRA, T., VIEIRA, L.J.S., STEFANES, M. & TRIVINHO-STRIXINO,
S. Concordance between macroinvertebrate communities and the typological classification of white and
clear-water streams in Western Brazilian Amazonia. Biota Neotrop. 12(2): http://www.biotaneotropica.org.
br/v12n2/en/abstract?article+bn01512022012

Abstract: In this study we have attempted to answer whether there is correspondence between aquatic
macroinvertebrate communities and the typological classification of white and clean-water streams in western
Amazonia lowlands. We worked within two distinct hydrographic basins: Moa River catchment (clear-water
streams) and Azul River catchment (white-water streams) in Serra do Divisor National Park, Acre State, Brazil,
sampling 10 streams in each basin. A total of 2,952 individuals were collected, distributed among 134 taxa. Our
results show that macroinvertebrate communities, at genus as well as family level, are in concordance to a priori
classifications that distinguish between white and clear water streams. The main implication of our results for
biomonitoring is that biotic variation between white and clear streams can be partitioned regionally, which would
improve the bioassessment accuracy of the Amazonian streams.

Keywords: aquatic insects, biodiversity, neotropical region, biomonitoring, Brazil.

ROQUE, F.O., LIMA, D.V.M,, SIQUEIRA, T., VIEIRA, L.J.S., STEFANES, M. & TRIVINHO-STRIXINO, S.
Concordancia entre comunidade de macroinvertebrados e classificacao tipoldgica de igarapés em aguas
brancas e claras no oeste Amazonico, Brasil. Biota Neotrop. 12(2): http://www.biotaneotropica.org.br/v12n2/
pt/abstract?article+bn01512022012

Resumo: Neste trabalho, nés investigamos se ha correspondéncia entre comunidade de macroinvertebrados
e classificacdo de igarapés em dguas claras e brancas no oeste da Amazonia. Nds trabalhos em duas bacias
hidrograficas, Rio Moa (dguas claras) e Rio Azul (d4guas brancas) no Parque Nacional da Serra do Divisor, Acre,
Brasil, amostrando 10 igarapés em cada bacia. Coletamos 2952 individuos, distribuidos em 134 taxa. Nossos
resultados mostram que a comunidade de macroinvertebrados, identificada com baixa e alta resolugdo taxonomica,
responde claramente a classificaco tipoldgica de igarapés em dguas claras e brancas. A principal implicagido dos
nossos resultados no ambito de biomonitoramento é que a parti¢do da varia¢@o bidtica entre igarapés de dguas
claras e brancas pode melhorar a racionalidade e implantagdo de sistemas de avaliagdo ambiental na Amazdnia.
Palavras-chaves: insetos aqudticos, biodiversidade, regido neotropical, biomonitoramento, Brasil.
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Introduction

Studies on the correspondence between communities and aquatic
system classifications have a long history in ecology and limnology,
going back to the pioneer studies of Thienemam in the beginning of
the 1900s. Recently, there has been renewed interest in typologies
and classifications of aquatic ecosystems due to their implication for
biomonitoring and conservation (Heino et al. 2003, Padial et al. 2012).
Many classification schemes have been used to test for concordance
between landscape patterns and structural and functional aspects of
biological communities (e.g. Hawkins & Norris 2000).

In the Neotropical region, particularly in Amazonia, it has been
accepted that differences in river discharges, channel morphologies,
flood cycles and water chemistry have reflected in the evolution and
ecology of aquatic communities (Sioli 1984, Junk & Soares 2001).
Amazonian rivers and streams are classified in terms of their size,
channel morphology (anastomosing, braided and meandering) and
‘color’ (white water, black water and clear water) (Sioli 1950, Junk
& Furch 1985). While white-water rivers have muddy color due to
their high sediment content, black-water rivers have dark transparent
water because of the large amount of dissolved humic substances
carried from the forest, and clear-water rivers drain areas where
there is little erosion.

Despite the broad acceptance of this classification based on water-
color, and their hypothetical importance for evolution and ecology of
Amazonian diversity, few data on macroinvertebrate distribution in
black and clear-water streams in Amazonia exist. Moreover, most of
the available information is from the central part of the region (Fittkau
1971, Walker 1995, Couceiro et al. 2007, Nessimian et al. 2008) and to
our knowledgement there is no previous study on white-water streams.

Western Amazonian forests have been postulated to possess one
of the most diverse and endemic faunal and floral biota on Amazonia
(Gentry 1988, Wilson & Sandoval 1996, S.0.S. Amazonia 1998).
The western part of the Amazon basin is a region characterized
by abundant dynamic headwaters of the Amazonas River, being
influenced by tectonic activities of the Andean foothills and foreland
(Risdnen et al. 1987). Streams of this region provide a good system
for exploring and testing possible association between different types
of streams and biological communities. Besides the fact that the area
encompasses high biological diversity and variable geomorphologies
along its basins (S.0.S. Amazonia 1998), it is possible to find the
three types of water (white, clear and black).

In this study we attempt to answer whether there is correspondence
between macroinvertebrate communities and the typological
classification of white and clear-water streams in western Amazonian
lowlands, particularly in the northern area of the Serra do Divisor
National Park (SDNP), one of the most pristine and understudied
areas of the western Brazilian Amazonia. Considering that water-
color types could serve as good ‘surrogates’ of more complex
variables in nature (e.g. vegetation patterns, water chemistry,
nutrient content, potential productivity and biological interactions),
we predict significant differences in terms of composition and
abundance in macroinvertebrate communities between stream
types. In addition, regarding the increasing demand for methods of
rapid stream bioassessment in tropical region, including taxonomic
resolution simplification, we assess how concordant is the pattern of
macroinvertebrate variation between stream types based on genus/
morphospecies and family level identification. We also discuss the
implications of our findings for future biomonitoring programs in
the region.

http://www .biotaneotropica.org.br

Materials and Methods

1. Study area

The north area of the Serra do Divisor National Park (SDNP)
is located in the Acre State, the most western Brazilian Amazonia
extremity (Figure 1 7° 09° 55 S and 73° 43’ 55” W). The altitude
in the region varies from 200 m to 650 m and the annual rainfall
is around 2,200 mm (S.0.S. Amazonia 1998). The mean annual
temperature is 26 °C along the rainy season, possibly reaching 4 °C
in the drier months. The SDNP includes a diversity of geological
formations within its limits as a result of the complex evolutionary
history associated with the geological processes that occurred in the
Amazonian region. The study area consists of a series of elevations
and valleys, and it is covered by primary and secondary Open
Tropical Forest.

We worked within two distinct hydrographic basins of the SDNP
(Figure 1): River Moa catchment (clear-water streams) and River
Azul catchment (white-water streams). We used a comprehensive
classification of white and clear stream waters based on a visual
evaluation of the color of the water. We sampled 10 streams in each
basin, varying from first to second orders. These streams were fairly
typical of forested headwater streams in Amazonian dry land with
water depths less than 50 cm, canopy covered ~70% of the channel,
absence of macrophytes and high dissolved oxygen levels. Streams
were slightly acidic for clear water (pH 5.12 to 6.46) and white water
(pH 5.85 to 6.92). Water temperature ranged from 23.8-24.8 °C in
clear water and from 23.2-24.5 °C in white water. The substrates of the
clear-water streams were characterized by a predominance of rocks
and sand whereas white-water streams had an abundance of organic
matter and mud. Electric conductivity ranged from 1 to 10 mS/cm™
(in clear waters), and from 10 to 80 mS/cm™ (in white waters).

2. Sampling design

We adopted a stratified sampling design to investigate
macroinvertebrate distribution in pools and riffle habitats, with
three samples in each one. We collected macroinvertebrates on a
single occasion with a Surber sampler to a depth of ~5 cm within
the substrate of each stream. Afterwards all subsamples were pooled
for statistical analyses.

Specimens were identified to the lowest practical level possible,
due to limited knowledge of Neotropical fauna. Specimens were
preserved in alcohol 70% and were deposited in the collection of the
Universidade Federal do Acre.

3. Statistical analysis

We checked the magnitude of the difference among the two water
types in relation to taxa abundance using a t-test. We used Non-metric
Multidimensional Scaling (NMDS) to generate a two-dimensional
ordination as a visual summary of the associations between streams.
The taxa abundance matrix was logged [logbase (x + 1)] to calculate
an association matrix (Bray-Curtis dissimilarity). A stress level, or
measure of the goodness of fit, was calculated for each ordination.
Lower stress values are desirable, as indicated by values of 0.2 or
less (Clarke & Warwick 2005). The result matrix of Bray-Curtis was
submitted to a one-factor ANOSIM (Analysis of Similarity).

We evaluated the relative contributions of different taxa to
dissimilarities using a Similarity Percentage Analysis (SIMPER)
routine (Clarke 1993). We calculated the degree of concordance
between different taxonomic resolutions using the second-stage
NMDS procedure (Somerfield & Clarke 1995). This analysis generate
a ‘second stage’ similarity matrix based on the Spearman rank
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Figure 1. The sampling areas in Parque Nacional da Serra do Divisor, Acre, Brazil: Moa river catchment characterized by clear waters (left circle) and Azul
river catchment characterized by white waters (right circle).

correlation (q) between the similarity matrices resulting from the Results
data sets; when q = 0, there is no concordance between matrices and
when q = 1, the different data sets are identical. The significance of
q was determined using a permutation test (Clarke & Gorley 2001). which belong to 65 families and 13 orders. We found that the total

We collected a total of 2,952 individuals, distributed in 134 taxa,
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number of individuals was significantly higher (t=—4.10; p < 0.001)
in clear-water streams (1,972) than in white-water streams (980).

The abundance of Decapoda (t =3.99; p <0.001), Ephemeroptera
(t = 2.64; p = 0.016) and Hemiptera (t = 2.83; p = 0.01), was
significantly higher in white waters than in clear waters. In clear-water
streams Diptera (t =-5.55; p <0.001), Plecoptera (t =-1.80; p = 0.08)
and Trichoptera (t = -9.85; p < 0.001) were significantly more
abundant. In the case of Hirudinea (t = 1.03; p = 0.31), Megaloptera
(t=-0.70; p = 0.48), and Odonata (t=0.11; p = 0.90), no significant
differences between stream types were found.

1. Comparing taxonomic patterns in white water and clear
water streams at family level

The NMDS ordination indicated a clear separation in the
community organization between clear waters and white waters
when using family level identification (Stress = 0.202; Figure 2). We
found that macroinvertebrate community structure was significantly
different between stream types (ANOSIN; R = 0.9993; p < 0.001)
and that Leptophlebiidae (20.21%), Trichodactylidae (13.96%),
Corixidae (13.56%), and Gomphidae (12.41%) were the most
important groups characterizing white-water streams, whereas clear
waters were characterized by Hydropsychidae (10.30%), Gomphidae
(7.89%), Tanypodinae (7.70%), and Chironominae (7.48%) (SIMPER
analysis). Hydropsychidae (5.48%), Odontoceridae (4.43%), Elmidae
(4.36%), Ptilodactilidae (4.36%), Corixidae (3.76%), Tanypodinae
(3.52%), Orthocladiinae (3.39%), and Trichodactylidae (3.35%),
were important in determining differences between the water types.

2. Comparing taxonomic patterns in white-water and
clear-water streams at genus level

Of the 134 genera identified in the two water types, 44 exclusively
occurred in clear waters and 24 in the white ones. Among the genera
we found in white waters, Tipulidae 1 occurred in all streams whereas
Trichodactylidae 1 and Miroculis (Leptophlebiidae) were present in
all samples of the clear-water streams.

We also found a clear separation of the macroinvertebrate
communities between clear and white waters based on genus level
identification (NMDS analysis; Stress = 0.144; Figure 3). Community
organization was also significantly different between water types
(ANOSIM; R =0.9995; p < 0.001).
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Figure 2. NMDS ordination (Bray-Curtis) of macroinvertebrate structure
communities at family level in streams in Serra do Divisor National Park,
Acre, Brazil. Stress = 0.2021 (cw = clear water; ww = white water).

http://www .biotaneotropica.org.br

Assemblages in white-water streams were typified by Miroculis
(18.59%), Trichodactylidae 1 (13.96%), Corixidae 1 (13.58%),
Brasilocaenis (6.71%), and Farrodes (4.39%), whereas Smicridea
(9.46%), Miroculis (5.88%), Marilia (5.08%), Ptilodactilidae 1
(4.89%), Anacroneuria (4.59%), Progomphus (4.56%), and Neoelmis
(4.56%) were the most important in typifying clear-water streams.

Seventy-one genera accounted for 90% of the dissimilarities
between groups. Smicridea (3.64%), Trichodactilidae 1 (3.35%),
Marilia (2.98%), Ptilodactilidae 1 (2.95%), Neoelmis (2.86%),
Corixidae 1 (2.59%), Anacroneuria (2.24%), and Brasilocaenis
(2.16%) were the most important taxa (Appendix 1).

The second-stage NMDS analysis showed that the arrangement
of the rank order of similarities in the matrix derived from the family
and genus level was correlated (q = 0.80). This means that there is
little difference between analyses based on genus and family level.

Discussion

1. Macroinvertebrate commnunity patterns

Black, white and clear water Amazonian streams are expected to
have different biotic communities (Fittkau 1971), but these patterns
have been documented quantitatively only recently. Most studies
have documented patterns of macroinvertebrate communities between
black and white streams which correspond to the Solimdes and
Negro River catchments. Walker (1995) compared macroinvertebrate
communities from both water types (black and white) and showed
that the taxonomic composition seems to be similar, but taxa richness
and abundance seems to be greater in black-water streams. Here we
show that there is a correspondence between previously established
classifications (clear and white-water streams) and macroinvertebrate
communities, at both genus and family resolutions.

The most abundant and frequent taxa collected in this study
were Decapoda, Ephemeroptera, Odonata and Chironomidae. These
groups have also been showed to be the most frequent taxa in Central
Amazonian black water streams (Walker 1995) and in less impacted
streams around Manaus (Couceiro et al. 2007).

The significant differences we found between clear and white
water streams, based on many typifying taxa, suggest that the
biological processes that act to influence taxa establishment and
their persistence is manifested most strongly at this regional spatial
scale with different groups behaving in a dominant way depending
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Figure 3. NMDS ordination (Bray-Curtis) of macroinvertebrate structure
communities at genus level in streams in Serra do Divisor National Park, Acre,
Brazil. Stress = 0.1441 (cw = clear water; ww = white water).
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on the stream type. It is particularly important to the understanding
of Amazonian biogeographical patterns that we can distinguish
between historical and contemporaneous processes affecting stream
biodiversity (Tuomisto & Ruokolainen 1997). As no physical barrier
seems to separate our sampling areas of white and clear waters, at least
for adults of aquatic insects, we believe that the patterns evidenced
in our analysis are most related to local contemporaneous ecological
filters acting regionally in the same species pool.

There are few similar studies that can be quantitatively compared
to our results. Grossly comparing our findings with those from
streams of central Amazonia, macroinvertebrate richness at genus
level found in the present study is similar to the 152 taxa found
in 68 streams studied by Couceiro et al. (2007) and the 151 taxa
in 20 streams reported by Nessimian et al. (2008). Unfortunately,
few data are available from low-order streams of other Neotropical
forested biomes for macroinvertebrate communities at the regional
scale, so direct comparisons are difficult because the methods
and taxonomic resolution differed considerably. Studies on
macroinvertebrate diversity in Atlantic forest streams of South-eastern
Brazil found taxa richness ranging from 117-162 (Melo & Froehlich
2001, Baptista et al. 2001) which provides evidence to support the
proposition of Vinson & Hawkins (2003) that streams within similar
biomes have similar numbers of aquatic insects regardless of the
biogeographical area. However, taking a more detailed taxonomic
resolution, it is clear that species richness is underestimated due to
low taxonomic resolution. For example, Roque et al. (2007) assessed
chironomid species richness only from 15 low-order streams in the
Atlantic rainforest and distinguished a total of 191 morphospecies,
and estimated a species richness ranging from 200 (credibility
interval, 195-207) to 267 (248-288).

There are some non-exclusive reasons to explain why
macroinvertebrate communities correspond to water types. First, our
findings agree with previous studies that found associations between
the distribution patterns of aquatic insects and the geographical features
through which streams flow, especially where marked differences in
topography or water chemistry (e.g. conductivity and pH) are found
(Hawkins & Norris 2000, Roque et al. 2010, Siqueira et al. 2012).
Second, Amazonian stream classification based on color may reflect
fundamental discontinuities of nature (e.g. vegetation patterns,
substrate composition, water chemistry, nutrient content, potential
productivity and biological interactions), which could serve as a
good ‘surrogate’ for relevant indicators of benthic organism diversity.
Third, biological interactions can play an important role in shaping
the distributional patterns of aquatic insects in Amazonian streams.
In nutrient-poor waters, fungi play the most important role at the
beginning of decomposition process of litter, while in white waters
bacteria dominate. As white and clear water streams are characterized
by differences in the amount of macroconsumers and habitat quality,
there is likely to be a trade-off between strategies to avoid predation
and strategies to live in waters with high amounts of sediment, which
may influence macroinvertebrate distributions in clear and white
water streams. Fourth, the importance of considering ecological
variation related to geographical location has been stressed in recent
years (Legendre 1993, Roque et al. 2010). The spatial structure of
ecological communities can be molded by abiotic and biotic process
(e.g. population growth, geographic organization, differential fertility
or mortality, social organization, competition). In our study, the spatial
location of streams sampled may account for a significant portion of
the variation in macroinvertebrate distributional data. Such patterns
detected at genus level are most likely to be related to the non-random
distribution of the streams sampled (e.g. the clear streams were close
to each other, the same for clear waters). The spatial distribution of
the streams may also underlie relevant biological factors not measured
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here (e.g. biological interactions). Considering the fact that water-
type distributions are not randomly distributed across the Amazonian
landscape, we emphasize the need to consider geographical location
when interpreting biodiversity distributions at the regional scale
(Heino et al. 2003, Roque et al. 2010).

2. Biomonitoring implication

Freshwater monitoring strategies rely on stream classifications
based on environmental and biotic groups and this approach is
the cornerstone of most biomonitoring programs. Classification is
therefore a critical component in many bioassessment programs
designed to assess the health of streams, small rivers, lakes, and some
estuaries (Bailey et al. 1998). Inferences are typically derived from
a classification of sites that relates variation in biological proprieties
of interest to class memberships. It is imperative that the most robust
classification systems possibly are developed and implemented. Our
analyses show that macroinvertebrate communities, at genus as well as
family level, are concordant to a priori classifications that distinguish
between white and clear water streams. The main implication of our
results for biomonitoring is that biotic variation between white and
clear streams can be partitioned regionally, which would improve the
bioassessment accuracy of the Amazonian streams.

The taxonomic resolution used in our analysis has practical
consequences for water biomonitoring. In our study, family and
genus levels yielded the same pattern differentiating white and
clear Amazonian streams. These results agree with previous
studies suggesting that family-level information is enough for
grossly detecting ecological patterns (Marchant et al. 1995,
Melo 2005, Feio et al. 2006). However we are only beginning
to document macroinvertebrates in white and clear streams in
Amazonia. Information from other parts of Amazonia is essential
for understanding macroinvertebrate distributional patterns and for
testing the generality of the results detected here.

From an applied perspective, knowledge about macroinvertebrate
occurrences in preserved and impacted Amazonian streams is
fundamental for future biomonitoring programs. For instance, white
water streams contained predominantly Chironomidae, which are
often associated with impacted areas and/or areas with low water flow,
whereas clear water streams were characterized by great numbers
of EPT and by the presence of sensitive taxa (e.g. Polythoridae),
groups associated with areas of low anthropic influence and higher
water flow. This means that one type of stream can not be used as
reference for the other. For example, if one use clear water stream
biological information for setting expectations about the ecological
condition of white water streams, we can run the risk of interpreting
white water streams as ‘naturally impacted’. Therefore, future
biomonitoring programs in Amazonian streams should be based on
regional information about its biodiversity; in contrast, we could
misinterpret ecological conditions of Amazonian streams.
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Appendix 1. Summary of SIMPER analysis identifying the contribution of individual taxa to total dissimilarity between water types in Amazonian streams,

Acre, Brazil.

Taxa Genus White water %  Clear water %  White vs Clear water %
Plecoptera
Perlidae 3.75 5.16 3.21
Anacroneuria Klapélek 2.17 4.59 2.24
Macrogynoplax Lenderlein - 1.09 1.16
Trichoptera
Calamoceratidae - 2.55 2.75
Phylloicus Miiller - 2.55 1.83
Glossosomatidae - - -
Glossomatidae 1 - - -
Helicopsychidae - 3.40 2.44
Helicopsyche Siebold - 3.57 1.66
Hydropsychidae - 10.30 5.48
Leptonema Guérin - 1.08 1.39
Smicridea McLachlan - 9.46 3.64
Synoestropsis Ulmer - - 0.54
Macronema Pictet - - -
Macrostemum Kolenati - 1.76 1.28
Leptoceridae - 2.81 2.77
Nectopsyche Miiller - - 0.63
Triplectides Kolenati - - -
Oecetis McLachlan - 2.27 1.47
Odontoceridae - 4.95 4.43
Marilia Miiller - 5.08 2.98
Philopotamidae - - 1.24
Wormaldia McLachlan - - 0.64
Chimarra Stephens - - 0.45
Polycentropodidae - - 1.33
Polycentropodidae 1 - - 0.44
Polypectropus Ulmer - - -
Cyrnellus Banks - - -
Seracostomatidae - - -
Seracostomatidae 1 - - -
Xiphocentronidae - - 1.40
Xiphocentron Brauer - - 0.99
Coleoptera
Eylaidae - - -
Eylaidae 1 - - -
Crysomelidae - - -
Crysomelidae 1 - - -
Curculionidae - - -
Curculionidae 1 - - -
Dytiscidae - - -
Dytiscidae 1 - -
Elmidae - 4.72 4.36
Neoelmis Musgrave - 4.56 2.86
Heterelmis Sharp - - -
Scirtidae - 0.95
Prionocyphon Redtenbacher - - -
Scirtidae 1 - - -
Cyphon Paykull - - 0.65
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Taxa Genus White water %  Clear water %  White vs Clear water %
Haliplidae 1.84 - 1.03
Haliplidae 1 1.97 - -
Hydrophilidae - - -
Tropisternus Solier - - 0.35
Noteridae 1.67 - -
Noteridae 1 1.72 0.90 -
Ptilodactylidae - 4.72 4.36
Ptilodactylidae 1 - 4.89 2.95
Diptera
Ceratopogonidae - 3.80 2.75
Ceratopogonidae 1 - 4.01 1.89
Tanypodinae 247 7.70 3.52
Ablabesmyia Johannsen - 3.72 1.87
Aff. Denopelopia Roback & Rutter - - -
Larsia Fittkau - - 0.38
Pentaneura Philippi - - 0.54
Zavrelimyia Fittkau - - 0.38
Coelotanypus Kieffer - - 0.54
DjalmabatistaFittkau - - 0.37
Procladius Skuse - - 0.36
Orthocladiinae 4.90 7.72 3.39
Corynoneura Winnertz - - -
Thienemanniella Kieffer - - 0.53
Parametriocnemus Goetghebuer - 0.80 1.07
Cricotopus v. d. Wulp - - 0.40
Chironominae 6.03 7.48 3.05
Beardius Reiss & Sublette - - 0.78
Chironomus Meigen - - 0.39
Endotribelos Grodhaus 1.76 2.34 1.43
Fissimentum Cranston & Nolte - - -
Goeldichironomus Fittkau - - 0.81
Pelomus Reiss - - -
Lauterborniella Thienemann & Bause - - -
Oukuriella Epler - - -
Nilothauma Kieffer - - -
Paratendipes Kieffer - - 0.41
Polypedilum Kieffer 1.67 2.66 1.33
Harnischia complex - - -
Stenochironomus Kieffer 0.94 0.86 1.14
Caladomyia Séiwedall - - 1.03
Tanytarsini spl - 1.14 1.12
Rheotanytarsus Thienemann & Bause 2.58 2.36 1.63
Tanytarsini - 1.93 1.37
Tanytarsus v. d. Wulp - 2.34 1.48
Diptera Family 1 - - -
Diptera 1 - - -
Diptera Family 2 - - -
Diptera 1 - - -
Culicidae - - 1.99
Culicidae 1 - 1.86 1.42
Dixidae - - -

Dixidae 1
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Taxa Genus White water %  Clear water %  White vs Clear water %
Dolichopodidae - - -
Dolichopodidae 1 - - -
Ephydridae - - 0.70
Ephydridae 1 - - -

Muscidae - - -
Muscidae 1 - - -
Sciomyzidae - - 0.82
Sciomyzidae 1 - 0.58
Simuliidae - 1.87 2.72
Simulium Latreille - 2.06 1.92
Syrphidae - - -
Syrphidae 1 - - -
Tabanidae - - -
Tabanidae 1 - - -
Tipulidae - 4.16 2.32
Tipulidae 1 - - 1.58
Ephemeroptera
Baetidae - - 1.41
Americanbaetis Kluge 1.12 - 0.88
Zelusia Lugo-Ortz & McCafferty - - -
Caenidae 6.27 - 3.12
Brasilocaenis Puthz 6.71 - 2.16
Coloburiscidae - - -
Coloburiscidae 1 - - 0.45
Leptohyphidae - - -
Traverhyphes Molineri - - 0.40
Tricorythodes Ulmer - - 0.56
Leptophlebiidae 20.21 6.71 2.88
Farrodes Peters 4.39 - 1.95
Fittkaulus Hubbard - - 0.66
Microphlebia Savage & Peters - - -
Miroculis Edmundis 18.59 5.88 1.86
Perissophlebiodes Savage - - 0.53
Hagenulopsis Ulmer - - 0.76
Terdipes Demoulin - - -
Thraulodes Ulmer - - 0.93
Ulmeritoides Traver 1.69 - 0.98
Polymitarcyidae - - -
Polymitarcyidae 1 - - -
Hemiptera
Belostomatidae 2.06 - 1.58
Belostomatidae 1 2.18 - 1.10
Corixidae 12.96 1.98 3.76
Corixidae 1 13.58 2.09 2.59
Gerridae - - -
Gerridae 1 - - -
Nepidae - - -
Nepidae 1 - - -
Notonectidae - - 1.32
Notonectidae 1 - - 0.91
Veliidae - - -
Veliidae 1 - - -
Megaloptera
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Taxa Genus White water %  Clear water %  White vs Clear water %
Corydalidae - - -
Corydalus Latreille - - -
Corydalidae 1 - - -
Odonata
Aeshnidae - - -
Gynacantha Rambur - - 0.53
Coenagrionidae - - 1.01
Argia Rambur - - -
Cyanallagma Kennedy - - -
Oxyagrion Selys - - -
Dicteriadidae - - -
Heliocharis Selys - - -
Cordulidae - - -
Cordulidae 1 - - 0.42
Gomphidae 12.41 7.89 1.41
Agriogomphus Selys 5.76 0.96 1.67
Aphylla Selys - - 0.41
Desmogomphus Selys - - -
Gomphoides Selys - - 0.90
Neogomphus Selys - - -
Peruviogomphus Klots - - -
Phyllocycla Calvert - - -
Progomphus Selys 4.20 4.56 1.63
Polythoridae - 2.77 2.19
Chalcopteryx Selys - 2.90 1.50
Perilestidae 3.08 - 2.00
Perilestes Selys 3.27 - 1.38
Protoneuridae - - -
Epipleoneura William - - -
Neoneura Selys - - -
Protoneura Selys - - -
Megapodagrionidae - - 0.92
Heteragrion Selys - - 0.53
Oxystigma Selys - - -
Libellulidae - - 2.00
Brechmorhoga Kirby - - 0.92
Libellulidae 1 - - -
Gynothemis Calvert - - -
Macrothemis Hagen - - -
Orthemis Hagen - - -
Perithemis Hagen - - 0.39
Decapoda 13.16 - -
Trichodactylidae 1 13.96 - 3.35
Palaemonidae - - 1.97
Macrobranchium Bate - 1.66 1.38
Nematoda - - -
Nematoda 1 - - -
Annelida
Hirudinea - - 1.14
Hirudinea 1 1.24 - 0.78
Oligochaeta - - -
Gastropoda - - 1.33
Pomacea (Perry) 0.95 - -
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Niicleo Caraguatatuba, Serra do Mar State Park, Brazil. Biota Neotrop. 12(2): http://www.biotaneotropica.
org.br/v12n2/en/abstract?inventory+bn00312022012

Abstract: We applied complementary survey techniques to obtain a baseline species list of mid and large bodied
mammals in Nucleo Caraguatatuba, Serra do Mar State park, Brazil. Between May and September 2011 we
surveyed the community of mid and large bodied mammals using diurnal line transect census (212.4 km),
camera-traps (223.2 camera-trap days) and track-stations (478 track-station days). A total of 18 species were
recorded from 14 families in eight orders. We recorded the presence of seven species considered threatened in
the State of Sdo Paulo, including Primates (Brachyteles arachnoides), Artiodactyla (Mazama cf. americana and
Tayassu pecari), Carnivora (Leopardus pardalis, Leopardus tigrinus and Puma concolor) and Perissodactyla
(Tapirus terrestris). Based on extrapolated (First order jackknife) species richness estimates we predict that there
are between 19 and 32 species of mid and large bodied mammals in the Nucleo. Our revised Mammal Priority
Index ranked Niicleo Caraguatatuba as being of medium overall importance for the conservation of mid and large
bodied mammals in the Atlantic Forest. Combined with the number and diversity of species recorded, our results
demonstrate that this Nicleo is an important area for mammal conservation.

Keywords: Atlantic forest, inventory, mammals, protected area.

NORRIS, D., RAMIREZ, J.M., ZACCHI, C. & GALETTI, M. Mastofauna de médio e grande porte na Niicleo
Caraguatatuba, Parque Estadual Serra do Mar, SP, Brasil. Biota Neotrop. 12(2): http://www.biotaneotropica.
org.br/v12n2/pt/abstract?inventory+bn00312022012

Resumo: N6s aplicamos técnicas de amostragem complementares para obter uma lista de espécies de mamiferos
de médio e grande porte no Nucleo Caraguatatuba, Parque Estadual da Serra do Mar, Brasil. As amostragens de
campo realizaram-se nos meses de Maio e Setembro de 201 1. Utilizou-se, censo ao longo de transectos (212,4 km),
armadilhas fotograficas (223,2 armadilhas-dias) e armadilhas de pegadas (478 armadilhas-dias). Foram obtidos
registros de 18 espécies, pertencentes a 14 familias e oito ordens. Nos registramos a presenga de sete espécies
consideradas ameagadas no Estado de Sdo Paulo, incluindo primatas (Brachyteles arachnoides), Artiodactyla
(Mazama americana e Tayassu pecari), Carnivora (Leopardus pardalis, Leopardus tigrinus ¢ Puma concolor)
e Perissodactyla (Tapirus terrestris). Com base em numa extrapolagdo da riqueza de espécies (“First order
jackknife) nds prevemos que existem entre 19 e 32 espécies de mamiferos de médio e grande porte no Niicleo.
Nosso “Mammal Priority Index* classificou o Nicleo Caraguatatuba como uma drea de importancia “média”
para a conservagdo de mamiferos de médio e grande porte na Mata Atlantica. Combinado com o nimero e a
diversidade de espécies registradas, nossos resultados demonstram que este Nicleo é uma drea importante para
a conservagdo de mamiferos no Estado.

Palavras-chave: mata Atlantica, inventdrio, mamiferos, unidade de conservagdo.
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Introduction

The Atlantic Forest is the most intensively studied biome for
Brazilian mammals (Brito et al. 2009). The sampling intensity
and availability of both published and un-published studies has
enabled the establishment of priority areas for the conservation
of mammals across the Atlantic Forest biome (Galetti et al. 2009,
Albuquerque et al. 2011). Yet these studies also highlight that there
remain significant gaps not only in our understanding but also in the
published data describing Atlantic Forest mammals (Brito et al. 2009,
Galetti et al. 2009, Albuquerque et al. 2011). With greater attention
required for the development and dissemination of studies focusing
on obtaining solutions to the management problems facing wild
mammal species (Brito et al. 2009).

Conservation initiatives in Brazil, particularly the Atlantic Forest,
are cited as examples of the successful integration of legal protection,
protected area management, and science-based conservation planning
(Russo 2009, Brancalion et al. 2010, Tabarelli et al. 2010). However,
despite such positive examples, the situation for the fauna and flora
of the Brazilian Atlantic Forest remains precarious (Marsden et al.
2005, Tabarelli et al. 2005, Fonseca et al. 2009, Galetti et al. 2009,
Teixeira et al. 2009, Tabarelli et al. 2010). Protected areas are
recognized as a key part of conservation initiatives (Naughton-
Treves et al. 2005, Rands et al. 2010, Stockstad 2010) with >13%
of Brazilian terrestrial biomes receiving legal protection at federal
or state levels (Rylands & Brandon 2005). There are >700 areas
of Atlantic Forest with at least some level of legal protection
(Galindo-Leal & Camara 2003, Tabarelli et al. 2010). However,
the management of protected areas for mid and large bodied
mammals in the Atlantic Forest is challenging as the majority of
these areas (~75%) are small i.e. <100 km? (Ribeiro et al. 2009) and
may not retain suitable environmental conditions for endangered
species (Norris et al. 2011a, Norris et al. 2011b) and threats from
anthropogenic perturbations such as urbanization, illegal hunting
and palm heart harvesting are ubiquitous (Galetti & Fernandez
1998, Tabarelli et al. 2005, Galetti et al. 2009, Teixeira et al. 2009,
Tabarelli et al. 2010).

The Serra do Mar biogeographical sub-region is the largest area
of Atlantic Forest in Brazil. More than 50% of forest cover in the
sub-region is found in forest fragments >50,000 ha and it also includes
the largest remnant - a continuous forest area of 1,109,546 ha that is
located along the coast of Sdo Paulo State (Ribeiro et al. 2009). The
Serra do Mar State Park is embedded within this continuous area,
protecting 315,390 ha of Atlantic Forest that includes a variety of
habitat types from lowland (sea-level) coastal restinga to highland
(>200 masl) dense mountainous ombrofilous forest (Instituto Florestal
2008, p. 11-15). The size of the protected area generates unique
management challenges and to meet these challenges it was necessary
to divide the area into eight administrative units or “Nucleos”
(Instituto Florestal 2008, p. 13-15). Although this area is continuous,
the Serra do Mar continues to suffer from intensive hunting and palm
heart harvesting. The numerous highways that cross the park, and the
presence of major gas and oil pipelines facilitates entry of hunters
to “remote” park areas (Aguiar et al. 2003, Instituto Florestal 2008,
p. 129). Additionally, park borders are densely populated and illegal
hunting, palm heart and bromeliad harvesting is common place
(Instituto Florestal 2008, p. 119-143).

Although challenging from a management perspective, the
size and diversity of protected habitats means that we expect to
find high levels of biodiversity within the Serra do Mar State park
(Aguiar et al. 2003). Indeed, within such a well connected and
biodiverse expanse of forest (Aguiar et al. 2003) it is not unreasonable
to predict the occurrence of a significant proportion of the 45 species

http://www .biotaneotropica.org.br

(De Vivo et al. 2011) of mid and large bodied terrestrial mammals
recorded in Sdo Paulo State within this park. However, even the
most basic management information (i.e. which mammal species are
present) is not available for the majority of the Serra do Mar Nucleos,
with 6 of the 8 classified as having zero or low levels of knowledge
regarding the mammalian fauna (Instituto Florestal 2008, p. 180).

Recent diurnal line transect surveys recorded a maximum of
8 mid to large bodied mammal species within 4 of the Serra do Mar
Nicleos (Picinguaba, Caraguatatuba, Cunha and Santa Virginia
(Galetti et al. 2009). Although standardized line transect surveys
provide a powerful dataset for analysis of species abundances they
are unlikely to approximate a truly representative sample of the mid
and large bodied mammal fauna. This group includes rare, cryptic
and illusive species that to achieve management objectives including
knowledge of which species are present are best surveyed with a
combination of techniques (Michalski & Peres 2007, Espartosa et al.
2011, Munari et al. 2011). The objective of the present study was to
use complementary survey techniques to obtain a baseline species list
and estimate the species richness of mid and large bodied mammals
in Nucleo Caraguatatuba as the first step to increasing our knowledge
of the regional mammalian fauna and to support the management
activities within this protected area.

Material and Methods

1. Study area

Mammal surveys took place in Nucleo Caraguatatuba of the
Serra do Mar State park (Figure 1). Nicleo Caraguatatuba protects
49,953 ha (Instituto Florestal 2008) of the pre-Cambrian Serra do
Mar mountain chain (Mantovani 1993). Of the eight administrative
“Nucleos” of the Serra do Mar, 5 including Caraguatatuba are
coastal, with Nicleo Caraguatatuba being located in the center of
the “litoral” tourist region of the state, receiving approximately
5000 visitors annually. The Nicleo is bisected by the Tamoios road, a
state highway that leads to the town of Caraguatatuba (45° 25’ 57” W
and 23° 35’ 52” S). The western portion of the Ntcleo is also
traversed by one of the main pipelines of the Brazilian petroleum
company “Petrobras”. The poorly monitored access provided by the
Tamoios highway and the pipeline are the two principal vectors of
anthropogenic pressure (i.e. illegal hunting and palm-heart harvesting)
in the Nucleo (Instituto Florestal 2008, p. 119-143).

The regional climate is subtropical, with a mean annual
temperature of 23.2 (daily means ranging from 4.6 to 36.1, data from
2010 downloaded from the Brazilian weather center http://www.
cptec.inpe.br/, station ID: 83671, Lat: —21.98, Long: —47.35 m a.s.l.
=598) and annual rainfall from 1400 to 4000 mm (Mantovani 1993).
Soils are predominantly nutrient-impoverished yellow-red latosol,
podzols and lithosols (Brasil 1983). Forests range from coastal
(=20 m) to elevations >900 m, generating stark floristic gradients,
from shrubs to well-developed montane forests (Veloso et al. 1991).

2. Mammal surveys

Between May and September 2011 we used complementary
techniques (line transect census, track surveys and camera-traps) to
sample the mid and large bodied mammal community across Nucleo
Caraguatatuba (Figure 1). Surveys were conducted by two observers
with a minimum of 5 years experience in monitoring neotropical
mammals. Nomenclature follows that presented in De Vivo et al.
(2011) except for Alouatta guariba which follows Groves (2005).

During 34 days we conducted a total of 212.4 km of diurnal line
transect census along 13 (total km = 71.9) preexisting (established
for >10 years) trails (trail length: mean, range = 4.9, 0.7-15.7 km).
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Figure 1. Study area showing locations of survey trails and camera-traps used to survey mid and large bodied mammals in Nucleo Caraguatatuba, Serra do

Mar State Park, Sdo Paulo, Brazil.

To provide arepresentative sample, trails were distributed throughout
the Nucleo (Figure 1) and encompassed a variety of secondary and
primary forest habitats. From the total of 71.9 trail km, the majority
(51.9 km) were in forest dominated by early or advanced secondary
successional stages, followed by primary (7.9 km) and eucalyptus
and pine plantations (6.8 km).

Standard line transect protocols (Peres 1999, Buckland et al.
2010) were adapted to fit our main objective of sampling mid
and large bodied mammals across the widest possible variety of
habitats within the park. Census was not conducted during heavy
rainfall but did occur during light showers i.e. when observers
could walk comfortably without wearing protective clothing.
Census was carried out during the morning (5:40 AM - 1:13 PM)

http://www .biotaneotropica.org.br/v12n2/en/abstract?inventory+bn00312022012

and or afternoon (12:47 PM - 5:35 PM), with times varying due to
logistical constraints and weather conditions. Although there was a
slight overlap between the timing of morning and afternoon census,
on any one day there was a minimum of 2 hours between the end of
morning and start of afternoon census when we used the same trail
and a minimum of 1 hour between morning and afternoon census
when different trails were used. We do not consider this extension
of the timing of our morning census to have biased our surveys. The
standardization of census times has been determined from studies
in tropical conditions where the heat during midday hours (between
12:00 AM and 2:00 PM) limits mammal activity (Peres 1999). Diurnal
temperatures within our sub-tropical study area are not comparable to
those in these tropical areas. At the latitude of Niicleo Caraguatatuba
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mammals are often seen during these “midday” hours, appearing to
avoid activity during the often cold (<14 °C) early mornings. For
example we did not detect any mammals before 9 AM. To enable us
to survey the maximum range of habitats possible we did not follow
the recommended line transect survey speed of =1.25 km per hour
(Peres 1999, Buckland et al. 2010). Although we did pause regularly
at 100 to 300 m intervals to listen for detection cues, our mean per
trail census speed was above the recommended value (survey speed:
mean, range = 2.4, 1.1-3.4 km per hour). Although it is possible
that this increased census speed resulted in missed detections, we
found no significant relationship between the number of detections
recorded per km and the survey speed (Spearmans correlation,
rho = —-0.223, p = 0.221). We are therefore confident that our
modifications of the standard census protocols did not introduce any
systematic bias and that our line transect survey results are directly
comparable with previous studies.

During our line transect surveys we also recorded tracks that
were visible along the trails. These “ad hoc” detection events were
supplemented by a total of 25 un-baited track-stations placed along
two of our census trails (Figure 1). Track-stations were prepared
by removing leaf litter, rocks and surface roots from a 75 x 75 cm
quadrant followed by loosening, separating and smoothing the soil
surface with a machete so that it would be possible to discern track
impressions of mid to large bodied mammals >2 kg (tested by the
gentle application of finger tips to the prepared surface). Track-
stations were checked at 3-6 day intervals. Days with heavy rain were
excluded from our effort, resulting in an overall effort of 478 track-
station days. Observers (each with >5 years experience of surveying
mid and large bodied mammals in Neotropical forests) recorded
the species identity of tracks with reference to field guides (Becker
& Dalponte 1991, Emmons & Feer 1997). In cases where species
identity was uncertain we took photos that were sent to specialists
for confirmation. Any tracks that could not be reliably identified were
not included in our analysis.

From June to July 2011 we installed 12 digital camera-traps
(6 Reconyx, RECONYX, Inc. Wisconsin, USA - http://www.
reconyx.com/ and 6 Ecotone, ECOTONE, Sao Paulo, Brazil http://
www.ecotonebrasil.com). Cameras were installed in two areas
(Figure 1) separated by a 12.9 km straight line distance — one close
to the park base (5 cameras — 103.7 camera-trap days) and one in an
area that receives no visitors and has been relatively undisturbed for
at least 30 years (7 cameras — 119.5 camera-trap days), providing
a total effort of 223.2 camera-trap days. Cameras were operational
continuously over the 24 hours diel cycle and placed at random
locations between 5 and 15 m to the side of existing trails within
each area, with a minimum straight line nearest neighbor distance
of 530 m. However, due to the steep topography including near
vertical ravines, the minimum distance between cameras for any
terrestrial mammal is effectively >1400 m. We attached cameras to
trees at a height of = 40 cm above the ground. The area in front of
cameras was cleared of green foliage and herbs to prevent sunlight
reflections damaging image quality. Due to licensing restrictions
cameras remained un-baited, but were checked at 2 — 9 day intervals
to ensure continuous operation and for routine maintenance e.g. to
change batteries.

3. Data analysis

To understand the relationship between species richness and
our survey effort we used the “specaccum” function of the “vegan”
package (Oksanen et al. 2011) in the R software (R Development
Core Team 2011) to estimate the individual based rarefaction curve of
mean species richness per sample day. For this analysis we summed
all individuals recorded for each species using any technique by the
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survey date, generating a matrix of 18 species by 22 survey days (we
excluded days with no mammal species records). To predict the total
number of species present in the Niicleo that it would be possible to
detect using the combination of survey techniques we used the “First
order jackknife” estimator to extrapolate the species richness from
the frequencies of species encountered per day (function “specpool”,
package “vegan”). Although a number of extrapolation estimators
are available we chose this one to enable comparison with previous
studies (Espartosa et al. 2011).

To provide a measure of the conservation importance of Nicleo
Caraguatatuba we calculated the Mammalian Priority Conservation
Index (Galetti et al. 2009). This index provides a comparitive measure
of the importance of the site by incorporating native species richness,
species threat status (based on the threat status in the State of Sao
Paulo (Magalhaes-Bressan et al. 2009), species uniqueness and body
size as well as the site forest area (see Galetti et al. 2009 for full details
of index calculation and interpretation). To enable comparison with
previous studies (Galetti et al. 2009) we only used data from the line
transect censuses to derive the index.

Results

We obtained records of 18 mid to large bodied mammal species
from 14 families in 8 orders, of which seven species are considered
threatened (“Vulnerable” or “Endangered”) in the State of Sdo Paulo
and five (27.8%) are considered threatened internationally (Table 1).
Camera-traps recorded the most species (12), followed by tracks
(10), other indirect detections (7) and finally direct visual detections
from diurnal line transect census (6). Tapirus terrestris was the only
species recorded with all four classes of detection technique, whereas
six species (Didelphis aurita - photos, Tayassu pecari - tracks,
Leopardus tigrinus - photos, Lontra longicaudis - tracks,
Bradypus variegatus - carcass and Brachyteles arachnoides- visual)
were only recorded by a single class (Table 1).

The estimated curve of species richness per survey day did not
reach an asymptote, with species continuing to accumulate at a rate
of 0.4 species per day after 22 survey days (Figure 2). Based on the
First order jackknife our extrapolated species richness was 26 species
(estimate = 95% CI = 25.63 = 6.07).

20 ~

15

10

Species richness

5 10 15 20
Number of sampling days
Figure 2. Mean accumulation curve and 95% confidence interval (shaded area)
of the expected number of mid to large bodied mammal species in Nicleo

Caraguatatuba, Serra do Mar State Park, Sao Paulo, Brazil.
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Table 1. List of mammal species from Nicleo Caraguatatuba, Serra do Mar State Park, Sdo Paulo, Brazil.
Order Family Species Detection type® Threa? Abundance!
Photo Track Visual Other S"/Int 11 (T
Artiodactyla
Cervidae Mazama cf. americana (Erxleben, 1777) X X VU/DD  0.040
Tayassuidae  Pecari tajacu (Linnaeus, 1758) X X X NT/LC 0.081
Tayassu pecari (Link, 1795) X EN/NT
Carnivora
Felidae Leopardus pardalis (Linnaeus, 1758) X X VU/LC 0.161
Leopardus tigrinus (Schreber, 1775) X VvUu/vVU 0.081
Puma concolor (Linnaeus, 1771) X X VU/LC 0.081
Mustelidae Lontra longicaudis (Olfers, 1818) X NT/DD
Cingulata
Dasypodidae  Dasypus novemcinctus (Linnaeus, 1758) X X X LC/LC 0.242
Didelphimorphia
Didelphidae  Didelphis aurita (Wied-Neuwied, 1826) X LC/LC 0.242
Perissodactyla
Tapiridae Tapirus terrestris (Linnaeus, 1758) X X X X VU/VU  0.040 0.524
Pilosa
Bradypodidae Bradypus variegates (Schinz, 1825) X LC/LC
Primates
Atelidae Alouatta guariba (Humboldt, 1812) X X NT/LC  0.202
Brachyteles arachnoides (E. Geoffroy, 1806) X EN/EN  0.040
Cebidae Cebus nigritus (Goldfuss, 1809) X X X NT/NT 1.089 0.040
Rodentia
Caviidae Hydrochoerus hydrochaeris (Linnaeus, 1766) X X LC/LC 0.081
Cuniculidae  Cuniculus paca (Linnaeus, 1766) X X NT/LC 0.040
Dasyproctidae Dasyprocta cf. azarae (Lichtenstein, 1823) X X LC/DD 0.040
Sciuridae Guerlinguetus ingrami (Thomas, 1901) X X LC/NE  0.040 0.040

“How species were detected. Photo = camera-trap, Track = tracks observed along trails or on prepared track-stations, Visual = diurnal line transect census,
and Other = carcass, feces, or vocalizations; *Threat status in the State of Sdo Paulo (Magalhdes-Bressan et al. 2009, p. 599). From least to most threatened:
LC = least concern, NT = near threatened, VU = vulnerable, EN = endangered; ‘International threat status following (International... 2011). NE = not
evaluated, DD = data deficient, then from least to most threatened: LC = least concern, NT = near threatened, VU = vulnerable, EN = endangered; ‘Species
relative abundance.LT = detections per 10 km of line transect census and CT = independent photos per 10 camera-trap nights.

Relative abundances from line transect census ranged from 0.040
(Brachyteles arachnoides, Mazama cf. americana, Tapirus terrestris,
and Guerlinguetus ingrami) to 1.089 (Cebus nigritus) detections per
10 km. The relative abundances obtained from diurnal census enabled
us to calculate a revised Mammalian Priority Index of 15.29, which
following the thresholds established by Galetti et al. ( 2009) classifies
the Nicleo as an area of medium overall importance for large-bodied
mammals in the Atlantic Forest.

Although rarely detected during diurnal censuses Tapirus terrestris
was the most commonly recorded species with camera-traps
(0.524 independent photos per 10 camera-trap nights), followed by
Dasypus novemcinctus and Didelphis aurita (0.242 independent
photos per 10 camera-trap nights). The most infrequently
photographed species were Cebus nigritus, Cuniculus paca,
Dasyprocta cf. azarae, and Guerlinguetus ingrami (0.040 independent
photos per 10 camera-trap nights).

Discussion

Although Atlantic Forest mammals are relatively well studied
there is little comparative data available from studies of mid and large
bodied mammals in continuous forest areas. In a recent compilation
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(Galetti et al. 2009) found that from a total of 31 mid and large
bodied mammal species a maximum of only 13 (41.9%) species were
recorded using diurnal line transect census in 34 mainland Atlantic
Forest sites. Other studies that employ a range of techniques generally
record a greater number of species on a per site basis. For example,
using line transect census (241 km) in secondary forest areas of the
Morro Grande Forest Reserve - a 10,870 ha protected area close to
the city of Sdo Paulo Negrdo & Valladares-Padua (2006) recorded five
species of mid to large bodied mammals but when these results were
combined with sand track-stations (600 track-station days) a total of
18 species were recorded in the same area (Negrdo & Valladares-
Padua 2006). Other studies from the Brazilian Atlantic Forest report
similar patterns with more species recorded when different techniques
were applied simultaneously: a total of 16 species were recorded in a
221 ha area of semi-deciduous Atlantic Forest using visual searches
and camera-traps (Abreu Junior & Kohler 2009), 23 species in a
230 ha semi-deciduous forest area using line transect census (271 km),
camera-traps (336.5 camera-trap days) and track-stations (1258 track-
station nights) (Gaspar 2005), 29 species in a 17 491 ha protected
area using visual searches (128 km), camera-traps (1842 camera-trap
nights) and nocturnal surveys along park roads (Kasper et al. 2007).
However none of these studies present species richness curves/
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estimates that would facilitate a between site comparison of the mid
to large bodied mammal communities.

Previous studies have demonstrated the importance of protected
areas for the regional conservation of Atlantic Forest mammals
(De Araujo et al. 2008, Galetti et al. 2009, Paviolo et al. 2009,
Norris et al. 2011a, Norris et al. 2011b). Although it is not possible
to make direct comparisons with other Atlantic Forest studies
our predicted species richness shows the importance of Niicleo
Caraguatatuba for the conservation of regional masto-fauna. Of
the 18 species recorded seven (39%) are threatened in the State of
Sdo Paulo and five (27.8%) are threatened internationally (Table 1,
Magalhdes-Bressan et al. 2009, International... 2011). It is worth
noting that of the 18 species recorded, populations of only one
(D. novemcinctus) are increasing (Abba & Superina 2009). From a
survey of 24 secondary forest sites (some connected to the western
part of the Serra do Mar forest massive) using baited camera-traps
(minimum effort of 2160 camera-trap days) and baited sand track-
stations (minimum effort of 1224 track-station days) Espartosa et al.
(2011) recorded a total of 14 native species of mid to large bodied
mammals, with species richness estimates predicting a maximum of
15 native species present in the 10 000 ha study region. We managed
to record a similar number of species to Espartosa et al. (2011) using a
fraction of their survey effort and time, which emphasizes the richness
and diversity of the mid and large bodied mammal community in
Niicleo Caraguatatuba compared with unprotected and fragmented
Atlantic Forest remnants. Another important difference is that the
mammal community within the Nicleo appears to be relatively intact
including large bodied species such as T terrestris and T. pecari,
whereas the species recorded by Espartosa et al. (2011) represented
a relatively simplified assemblage of smaller bodied generalists.

As our species richness estimate showed that we missed between
2 and 14 species we also expect further studies to add to the list of
threatened species within the Nucleo. For example populations of
the threatened buffy-tufted-ear marmoset (Callithrix aurita) have
been recorded in the neighboring Nicleo Santa Virginia (Norris et al.
2011b) and it seems likely that there may be as yet undetected
populations within Nicleo Caraguatatuba. We would also expect to
find carnivores such as jaguar (Panthera onca) and the crab-eating
fox (Cerdocyon thous) plus at least one additional cervid species - the
small brocket deer (Mazama bororo). Indeed, cervids highlight a
remaining problem in neotropical mammalogy - uncertainty in species
identification and classification (Brito et al. 2009). We identified the
cervid species (M. cf. americana) based on characteristic size and
coloration, however similarities with M. bororo mean that genetic
studies are necessary to confirm the species presence. The same is true
for the rodent D. azarae, which may be confused with D. leporina.
Although the characteristic “red-rump” of D. leporina was not
apparent in the photo taken, further genetic studies are required to
confirm the species identity within the Nicleo. Although predicting
which species are likely to be detected is inherently speculative,
these issues highlight that even though the Atlantic Forest is the most
intensively studied biome for mammals in Brazil (Brito et al. 2009),
the knowledge necessary for effective conservation and management
of Atlantic Forest mammals is far from complete.

Our revised Mammal Priority Index ranked Nuicleo Caraguatatuba
as being of medium overall importance for the conservation of mid
and large bodied mammals in the Atlantic Forest. Combined with
the number and diversity of species recorded we believe this group
of mammals must be considered a management priority within this
protected area. Our species list provides a baseline upon which
management activities can be measured and evaluated. However,
future studies focusing on species ecology, habitat preferences and
population densities are required to inform management activities.
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For example further studies are required to enable the definition of
zones within the protected area as defined by Brazilian Law (Law:
9.985/2000 (SNUC)). Zonation will enable the myriad objectives
of a protected area to be met efficiently and in harmony with the
regional and national socio-economic context (Wells & Brandon 1993,
Halpin 1997). Although species richness and diversity is a criteria for
establishing the conservation value of zones within the park (Instituto
Florestal 2008, p. 257), there is as yet no data to define a spatially
explicit map of species distributions for any floral or faunal group
within Nicleo Caraguatatuba. We hope the list of mammals presented
here encourages future studies to fill such gaps.
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