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Abstract: The effects of habitat fragmentation and deforestation are exacerbated by some elements, such as roads
and power lines, which may become filters or barriers to wildlife movements. In order to mitigate mortality
and restore connectivity, wildlife passages are being constructed as linear corridors. The installation of these
mitigation measures must be followed by systematic monitoring, in order to evaluate their use and effectiveness,
to assist in their management, and to convince stakeholders of their value. In this paper we present the results
of a monitoring study of the use of rope overpasses developed near a protected area in Porto Alegre, southern
Brazil. The canopy bridges were installed by the Urban Monkeys Program in places where electric hazards and
road-kills of brown howler monkeys (Alouatta guariba clamitans Cabrera, 1940) were recorded. Camera traps
were installed at each bridge, and local people were selected and trained to monitor overpass use over 15 months,
from August 2008 to October 2009. Three species were recorded using canopy bridges: brown howler monkey
(Alouatta guariba clamitans Cabrera, 1940), white-eared opossum (Didelphis albiventris Lund, 1840) and
porcupine (Sphiggurus villosus Cuvier, 1823). Rope bridges with the highest number of species recorded had more
forest cover and lower urban area around them than overpasses little used. Our results indicate that overpasses, in
Porto Alegre, work as a linear corridor between forest remnants, although the outcomes for individual survival,
group persistence, population demography or gene flow have not been measured. Furthermore, canopy bridges
may be important to mitigate the impact of roads and power lines on wildlife, but electric cables also need to be
completely isolated when present, to warrant animals’ physical integrity.
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Resumo: Os efeitos do desmatamento e da fragmentagdo de hébitats sdo exacerbados por elementos como rodovias
e redes elétricas, que podem atuar como filtros ou barreiras aos movimentos da vida silvestre. Com o objetivo
de mitigar a mortalidade e restaurar a conectividade, passagens de fauna tém sido construidas como corredores
lineares. A instalacdo dessas estruturas deve ser seguida de monitoramento sistematico, visando a avaliagdo de
seu uso e efetividade e a geragdo de informagdes para seu manejo e para convencer os tomadores de decisdo sobre
seu valor. Neste artigo, apresentamos os resultados do monitoramento do uso de seis pontes de corda, realizado
durante 15 meses, entre agosto de 2008 e outubro de 2009, nas imedia¢Ges da Reserva Bioldgica do Lami José
Lutzenberger, em Porto Alegre, Brasil. As pontes de dossel foram instaladas pelo Nicleo de Extensdo Macacos
Urbanos em locais com registros de atropelamentos e choques elétricos de bugios-ruivos (Alouatta guariba
clamitans Cabrera, 1940). Instalamos armadilhas fotograficas em cada ponte e selecionamos moradores locais
para registrarem seu uso. Trés espécies foram registradas usando as pontes de corda: o bugio-ruivo (Alouatta
guariba clamitans Cabrera, 1940), o gamba-de-orelha-branca (Didelphis albiventris Lund, 1840) e o ourico-
cacheiro (Sphiggurus villosus Cuvier, 1823). As pontes de corda mais usadas por maior nimero de espécies sdo
aquelas situadas nas areas de maior cobertura florestal e menor area urbanizada, em relacdo as pontes menos
usadas pelas espécies. Nossos resultados indicam que as pontes de corda funcionam como um corredor linear
entre os remanescentes florestais, embora ndo tenhamos avaliado os efeitos das pontes sobre a sobrevivéncia dos
individuos, persisténcia e demografia dos grupos e fluxo génico na populagdo. Além disso, as pontes podem ser
usadas para mitigar o impacto de redes elétricas e rodovias sobre a mortalidade, mas os cabos elétricos também
devem ser completamente isolados quando presentes.

Palavras-chave: rodovias, redes elétricas, primatas, mitigagéo, passagens de fauna, pontes de corda.
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Introduction

Tropical and subtropical forests are threatened by deforestation
and fragmentation. These processes reduce the extension of forests and
transform them in small and isolated fragments. In extreme cases, the
creation of isolated patches could result in the interruption of wildlife
movements between local populations (Valladares-Padua et al. 1995).
Habitat fragmentation creates small and isolated subpopulations,
rising extinction probabilities due to demographic, environmental,
and genetic forces (Frankham et al. 2004). In urban areas, these effects
are exacerbated by elements of urban matrix, such as roads and power
lines, which may become filters or barriers to wildlife movements.
Nowadays, road-kills are considered the major direct human cause
of mortality of terrestrial animals worldwide (Forman & Alexander
1998), and wildlife electrocutions have been documented as having
an important impact on some animal populations in urban landscapes
(Lehman et al. 2007, Lokschin et al. 2007).

Some alternatives are being developed to mitigate mortality and
restore landscape connectivity, such as the construction of wildlife
passages as linear corridors (Goosem et al. 2006, Laurence et al.
2009). These connection structures are site-specific movement
corridors constructed over or bellow roads (Clevenger & Waltho
2003). Underpasses and green bridges over roads are being widely
built, and their use has been documented in different places around
the world (Taylor & Goldingay 2010, Beckmann et al. 2010). On
the other hand, canopy rope bridges are a recent innovation that
aims to provide functional connectivity for target arboreal species
(Taylor & Goldingay 2010) where canopy maintenance is infeasible
(Laurence et al. 2009). Although the first canopy bridge was installed
in 1963 in the United States (Weston 2003), only recently these
overpass structures have been disseminated and installed in places
like Australia (Goosem et al. 2006), Belize (Lyon & Horwich 1996),
and Brazil (Valladares-Padua et al. 1995, Lokschin et al. 2007).

The installation of these mitigation measures must be followed
by systematic monitoring of their use, in order to evaluate the
effectiveness of the passages, to assist in their management, and
to convince stakeholders of their value (Malo et al. 2006, Cuar6n
1995). Some efforts have been expended in monitoring passages,
but the available information usually derives from a few intensive
studies carried out in relatively few places (Forman et al. 2003).
Although the monitoring of wildlife underpasses has become more
common recently (Beckmann et al. 2010), only in Australia, to our
knowledge, monitoring studies have been developed on the use of
rope overpasses by arboreal mammals (Goosem et al. 2006, Soanes
& van der Ree 2009, Weston et al. 2011). The use of wildlife passages
is a precondition and first approximation to the effectiveness of these
measures, even though it is not a direct measure of effectiveness,
which should be demonstrated by indicators such as survival rates
or gene flow, variables relatively difficult to obtain.

In order to generate information to the management of canopy
bridges, we present here the results of a monitoring study of the use
of rope overpasses developed near a protected area in Porto Alegre,
southern Brazil. The Urban Monkeys Program (www.ufrgs.br/
macacosurbanos) has been recording electric hazards and road-Kkills
of brown howler monkeys (Alouatta guariba clamitans Cabrera,
1940) in that region since 1999 (Printes 1999), and some mitigation
measures have been implemented to reduce mortality of howlers and
birds (i.e Asio clamator Vieillot, 1808 and Chauna torquata Oken,
1816) due to these causes. Power lines were insulated to avoid wildlife
electrocutions, and rope overpasses were installed to stimulate the
crossing of howlers between forest patches (Lokschin et al. 2007).

Our goal in this study was to identify which species use the rope
bridges and to evaluate if their use is related with the landscape
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composition around each rope bridge. To obtain data on overpass
use we installed camera traps and selected and trained local people
to monitor each bridge.

Materials and M ethods

1. Sudy area

This study was conducted at the Lami district, in the Porto
Alegre municipality, southern Brazil. With a 1.4 million population
(Instituto... 2010), around 10% of the municipality is still covered
by semi-deciduous seasonal forests (Menegat et al. 1998), one of the
forest typologies of Atlantic rainforest in southern Brazil (Oliveira-
Filho & Fontes et al. 2000). The José Lutzenberger-Lami Biological
Reserve (180 ha) is located in the southernmost region of Porto
Alegre, and its surroundings are composed of a heterogeneous matrix
of wetlands, forest patches, and native and planted grasslands (see
Results). The urban area of the Lami district is also located near the
reserve, with 0.39% of Porto Alegre’s inhabitants (Instituto... 2010),
characterized by houses with native trees still remaining in their
yards. Due to the small size of the reserve, animals transit between
the reserve and its surrounding area. Since 1999, the Urban Monkeys
Program has been documenting howler monkey mutilations and
deaths caused by electric hazards in Lami, due to aerial power lines
used by them for moving between forest patches and resource trees
(Printes 1999).

2. The canopy bridges

The six rope bridges monitored in this study are distributed in
the Lami district, in the buffer zone of the José Lutzenberger-Lami
Biological Reserve. Each rope bridge is similar to a horizontal
‘ship’ ladder (Lokschin et al. 2007), and the length of each bridge
varies with the width of the road. The bridge is constructed with
four 12 mm parallel ropes, the two external ones always straight
and approximately 50 cm from each other, while the two internal
ones are interlaced forming an “X” between each step. The “X” is
fixed with a plastic clamp. The ladder steps are formed by rubber
hose with a diameter of approximately 7 cm and are separated from
each other by approximately 80 cm (Figures 1 and 2). Each canopy
bridge costs near US$ 100.00, not considering the material needed
for fixation and installation. They were installed over roads in critical
points, based on documented cases of electrocuted and road-killed
animals and on known crossing attempts by howlers. These are
dirty and paved roads with one or two narrow lanes without central
median. The installation of rope overpasses was carried out together
with the insulation of electric cables where the majority of accidents
occurred (Lokschin et al. 2007). The rope bridges were installed as an
effort of the Urban Monkeys Program for howler conservation, with
collaborative support from the municipal environmental agency and
electric energy company. Three bridges were installed in 2001 and
2003, and the other three were installed in 2006, but their use was
not systematically monitored until 2008. Rope bridges were designed
targeting the brown howler monkey (Alouatta guariba clamitans
Cabrera, 1940), a species vulnerable to extinction in the Rio Grande
do Sul state (Marques 2003), often electrocuted, road-killed, and
attacked by dogs in the Porto Alegre municipality.

3. Data collection and analysis

Each of the six rope bridges was monitored using a camera trap
installed during seven days per month to record the different arboreal
species using it. The rope bridges were monitored over 15 months,
from August 2008 to October 2009, except for one of them (the Samir
bridge) where the cameras were installed only over the first six months
due to access limitations to the area (Table 1). We used Tigrinus
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Figure 1. Construction of rope overpass with four 12 mm ropes interlaced and rubber hose to form ladder steps. Author: Elisandro Oliveira dos Santos.
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Table 1. Location of canopy bridges and sample effort of camera traps (number of days) during monitoring.

Rope overpass

UTM coordinates 22J datum SAD69

Camera trap sample effort (days)

Pontal (1) 490898/6654835 119
Samir (2) 491457/6654600 33
Tonho (3) 491575/6654731 152
Fupala (4) 491712/6654832 148
Espigéo (5) 492198/6654789 127
Pituca (6) 492365/6654454 110

Figure 2. Rope overpass constructed with four 12 mm ropes interlaced and
rubber hose to form ladder steps in Lami district, Porto Alegre municipality,
southern Brazil. Photo: Jodo Claudio Godoy Fagundes.

(www.tigrinus.com.br) analogical camera traps, and each camera
operated until all 36 photos were shot. Additionally, we involved the
local community in the monitoring by choosing neighbors to record
overpass use. Each local observer should record the species, number
of individuals, date and sighting time of animals they saw crossing
the bridges. Camera and local community monitoring were carried
out during the same period.

In order to relate the use of the rope bridges to the surrounding
land use/cover, we evaluated the landscape composition in a buffer
with an 80 m radius (2000 m?) around each rope bridge. This
buffer size was selected to avoid superposition of buffers due to the
proximity of the bridges. We recorded the percentage of each class
of land use/cover within each buffer, according to Porto Alegre’s
Environmental Diagnostic (Hasenack 2008). The analysis was
performed with the Idrisi Andes software (Eastman 2003).

The study design was planned aiming to manage real situations,
thus each bridge location was chosen due to howler electrocution
history and they are near to each other, so there is not independence
between sample units. Besides that, the number of rope bridges is too
low to perform an adequate statistical analysis. The best alternative,
in this context, was a descriptive analysis of the data.

Results

During the 15 months of monitoring we recorded three native
mammal species using rope bridges: brown howler monkey
(Alouatta guariba clamitans Cabrera, 1940), white-eared opossum
(Didelphis albiventris Lund, 1840), and porcupine (Sphiggurus
villosus Cuvier, 1823). All three species were photographed by the
infrared-triggered camera (Figure 3), but intensive false photograph
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shooting (especially due to vehicles passing under the rope bridge)
jeopardized the estimates of use frequency. Whereas local people
recorded only brown howler monkeys and white-eared opossums
using the bridges (Table 2), they documented by photography and
videos the use of two overpasses by howlers that were not recorded
by camera traps. Although local people recorded the use of howlers
in more bridges and more often than camera traps, they recorded only
two crossings of opossums and none of porcupines.

We identified four classes of landscape cover neighboring the
rope bridges: arboreal, urban, open vegetation and water (Table 3).
The only rope bridge that was used by the three species (Fupala) was
the one with the highest forest cover (67.26%) and also the lowest
urban area (12.91%), although it was located in the center of the urban
region of the Lami district (Figure 4). In addition, the bridge with
two species recorded (Espigdo) had the second lowest urban cover
(36.53%) and the highest open vegetation cover (43.36%). On the
other hand, the two overpasses with no records of use by any species
had higher values of urban cover (Samir and Tonho).

Discussion

Considering the 19 mammal species that occur in José
Lutzenberger-Lami Biological Reserve (Printes 2002) as the
species occurring in the Lami district, all medium-sized mammals
with arboreal habits were recorded crossing overpasses. This
fact indicates that overpasses in the Lami district are a functional
canopy connection for these species, working as a linear corridor
and restoring connectivity between forest remnants. However, to
detect the effectiveness of rope bridges in conservation management,
besides identifying the use of overpasses, it is necessary to consider
if barrier effects and mortality are reduced and if populations are
benefited (Huijser et al. 2007, Taylor & Goldingay 2010). van der
Ree et al. (2007) showed that most studies on wildlife passages
show that mitigation can be considered successful at the level of the
individual animals, but the implications on population persistence
should also be monitored.

There are differences between our canopy bridge model
and the pole bridge installed for the black lion tamarin
(Leontopithecus chrysopygus Mikan, 1823) in the Sdo Paulo state,
Brazil (\Valladares-Padua 1995), and also between our overpass and
the canopy bridges installed in Australia (Soanes & van der Ree 2009,
Weston et al. 2011). The bridge in Sdo Paulo is constructed using
round wooden poles and is installed at a height of 6 m over the road,
while in Australia there are two models of canopy overpass — a rope
ladder (with the steps also formed by rope) and a rope tunnel. The
pole bridge in S&o Paulo is narrower than the rope bridges, making
it difficult for some animals to cross, but it is also less instable than
the ropes, what can increase its attractiveness. In Australia, the rope
tunnels were built in order to provide protection for crossing animals
from aerial predators, but most times animals crossed using the top
surface of the rope tunnel. All these different types of overpasses were
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Figure 3. Species recorded using canopy bridges by camera traps. a) Brown-howler-monkey (Alouatta guariba clamitans Cabrera, 1940). b) White-eared-
opossum (Didelphis albiventris Lund, 1840). c¢) Porcupine (Sphiggurus villosus Cuvier, 1823).

Table 2. Wildlife use of canopy rope bridges recorded during monitoring (1=bridge use recorded, O=bridge use not recorded).

Rope overpass Alouatta guariba clamitans Sphiggurus villosus Didelphis albiventris
CT LP CT LP CT LP
Pontal (1) 1 1 0 0 0 0
Samir (2) 0 0 0 0 0 0
Tonho (3) 0 0 0 0 0 0
Fupala (4) 0 1 1 0 1 1
Espigéo (5) 0 1 1 0 0 0
Pituca (6) 0 1 0 0 0 0

CT = camera trap; LP = local people.

Table 3. Landscape composition within each buffer (2000 m?) around each and detectability among different local people. The collaboration

rope overpass installed in Lami District, Porto Alegre, RS, Brazil. of local community has educative and interpretive value and is
Ro Type of landscape cover (%) vital for the successful implementation of conservation activities
pe overpass - .
Arboreal Open vegetation Water Urban (Lokschin et al. 2007, Weston et al. 2011).
Pontal (1) 54.87 7.73 0 37.4 Although all rope bridges have urban areas around them (which
Samir (2) 0 11.49 26.75 61.77 is the origin of accidents such as electrocutions, road-kills and dog
Tonho (3) 23.14 0 0 76.86 attacks), the two bridges with the lowest urban areas were the ones
Fupala (4) 67.26 19.83 0 12.91 where other species besides howlers were recorded. Two overpasses
Espigdo (5) 20.12 43.36 0 36.53 did not have any forest cover within the buffer, but in one of them local
Pituca (6) 0 19.33 0 80.67 people photographed howlers using the bridge. The use of a bridge

to cross between areas with no forest cover may be explained by the
low resolution of the land use map available, which does not allow
the individualization of garden and orchard trees, an important matrix

constructed for different target species, which makes it difficult to element for fauna in this region. Unfortunately, our small sample

compare their use and effectiveness. When building a rope or pole size_does not allow us to draw con_clus_ions about the importance of
overpass, the size and weight of the target species must be considered,  Particular landscape features for wildlife. L
Also, to increase the probability of a species using a canopy bridge, An important question that remains to be answered is if animal
it is important to consider the distance between animal limbs and the ~ movement trough the rope bridge is a diurnal movement providing
way the species moves. The effects of variables related to the use of ~ @n extension of home range, or if the canopy bridges are used by
mitigation structures are likely to be species or species-group specific animals for dispersing. Considering information obtained with local
(van der Ree et al. 2007). people about howler monkeys’ use of the passages, it appears that
The information obtained by local people on overpass use by  the same howler group uses the overpass over time, indicating that it
photography and video confirm that this kind of monitoring can plays a role in widening howlers” home range. Goosem et al. (2008)
be reliable, increasing the amount of data obtained and having ~ and Weston et al. (2011), while monitoring canopy bridge use by
an educational impact. Local people collected some important possums in Australia, did not find any evidence that the individuals
information about howlers’ crossings and activities (such as the ~ remained on the visited side, as all the crossing photographs also
presence of infants, injured individuals, or some specific native show the animal returning to the side of origin within a few hours
fruit consumed), but there were only two records of use by other ~ of crossing. Canopy bridges may allow animals to access resources
species. This difference may be explained by howlers’ larger size and located on the other side of the road, what may increase the probability
behavior, and by their diurnal habits, while the other two specieshave ~ of individual survival. However, we did not test survivorship of
small body size, and have nocturnal and solitary habits. The results individuals and we also did not test if there was a decrease in
obtained with the monitoring by local people show the usefulness mortality due to wildlife-vehicle collisions or electrocutions. Taylor
of involving the community in conservation actions, but should be & Goldingay (2012) when analyzing population viability of squirrel
applied carefully, since there are differences in observational effort gliders (Petaurus norfolcensis Kerr, 1792) found that facilitating
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Figure 4. Landscape composition within buffers of 2000 m? around each rope bridge installed in Lami District, Porto Alegre, RS, Brazil.

inter-patch movement by installing canopy bridges and woodenpoles  Conclusions
for gliding was the key to diminish extinction probabilities.
Studies published on the use and effectiveness of canopy bridges
as mitigation measures for the impact of power lines and roads on
wildlife are still scarce, although they are critical for evaluating the - >
success of mitigation implemented. In Australia there are already @l target species, although the importance of these movements for
long-term monitoring of rope bridges following overpass construction ~ gene flow and population persistence remains to be evaluated. Bridges
(Goosem et al. 2008, Weston etal. 2011), while in Brazil thisisanovel ~ aré very important to keep connectivity between fragments and can
conservation concern. Other methods can also be used to monitorrope ~ Mitigate the Impact of power lines over WIIdIIfe_, but electric cables,
overpass use: Weston et al. (2011) used direct observation, collection ~ commonly recognized by howlers as an alternative route for canopy

of fecal pellets, and hair sampling, with varied species detection. gap crossing, also need to be completely isolated when present, to
warrant animals’ physical integrity.

This study demonstrates the functionality of rope overpasses in
southern Brazil for all arboreal mammals present in the area. Our
results are important to demonstrate the use of these structures by
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Abstract: In this paper the first record of Hydrosmilodon primanus (Eaton, 1892) from South America is presented.
The record of the species is based on nymphs collected in San Sebastian de Mariquita city, Tolima department,
Colombia.

Keywords: Hermanella, mayfly, Colombia.
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Resumen: En este trabajo se presenta por primera vez el registro de la especie Hydrosmilodon primanus (Eaton,
1892) para Sur América. El registro de la especie es basado en ninfas colectadas en el municipio de San Sebastian
de Mariquita, departamento del Tolima, Colombia.

Palabras clave: Hermanella, efimera, Colombia.
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Introduction

The Hermanella complex of the Leptophlebiidae is a group
of distinctive mayflies distributed primarily in the neotropics and
also extending into the Nearctic region (Dominguez & Flowers
1989). Nymphs are distinguished by possess large maxillary palpi
attached at the posterior portion of maxilla, with long and fine
setae on the third segment in parallel rows; an expanded labrum
nearly as wide as the head capsule; also prominent anterolateral
areas of the clipeus, rectangular shape of the mandibles, often with
sharp anterolateral angle; and broad and rectangular superlinguae.
Moreover, the abdominal postero-lateral spines are present on
segments 8 and 9, rarely also 7. Genera described in this group are
Hermanella (Needham & Murphy, 1924), Leentvaaria (Demoulin,
1966), Traverella (Edmunds, 1948), Hylister (Dominguez & Flowers,
1989), Needhamella (Dominguez & Flowers, 1989), Hydrosmilodon
(Flowers & Dominguez, 1992), Paramaka (Savage & Dominguez,
1992), and Hydrosmastodon (Polegatto & Batista, 2007).

The genus Hydrosmilodon Dominguez & Flowers, 1992
(Ephemeroptera: Leptophlebiidae) was described based on the
adult of the type species Thraulus primanus Eaton, 1892 found
in Mexico. They also described the new species Hydrosmilodon
saltensis Flowers & Dominguez, 1992, based on the male imago and
mature nymph found in Argentina. In the same paper, these authors
recorded H. primanus from Panama, Costa Rica, and Honduras
(Flowers & Dominguez 1992), broadening the range of the species.
Currently, two species of the genus are documented from South
America: Hydrosmilodon gilliesae Thomas & Boutonnet, 2004
and Hydrosmilodon saltensis. The first record of the genus from
Colombia was during studies in Catugado and Totunendo rivers
in the Chocé department, where the species were not determined
(Casas-Cordoba et al. 2006).

Materials and Methods

Specimens were collected in the stream “El Chondo™ 5° 11’317 N
and 74°53” 59” W, located in San Sebastian de Mariquita (Tolima),

in the Cordillera Central of Colombia. Species were identified using
the key of Dominguez et al. (2006) and the original description made
by Flowers & Dominguez (1992). The individuals collected are
deposited in the Entomological Collections of the Biology Program
of the Universidad de Caldas (CEBUC) in Manizales, Colombia.

Results and Discussion

In this study, H. primanus initially recorded from Central
America (Panama, Honduras and Costa Rica) (Flowers & Dominguez
1992) is recorded for the first time from South America based on
10 nymphs collected in El Chondo stream, Tolima department,
Colombia (Figure 1). The altitude found in El Chondo is similar
to the registered in some streams in Costa Rica (479 m.a.s.l. and
470 m.a.s.1., respectively). The nymphs collected in both sites were
found in rocky substrate.

During identification of Hydrosmilodon nymphs, it could be
noted that they can be confused with nymphs of two genera of the
Hermanella group (Leentvaaria Demoulin, 1966 and Hydromastodon
Polegatto & Batista, 2007). These genera possess slender gills
and well developed maxillary tooth (Polegatto & Batista, 2007).
However, the genus Hydrosmilodon can be separated from these two
genera, mainly by the size of apical denticle of the tarsal claw and
the anterior margin of labrum distinctly emarginated.

Nympbhs of H. primanus found in Colombia possess mandibles
with setae confined to base, basal segment of labial palpi with well-
defined dark markings and the anterior margin of labrum distinctly
emarginated. These characters are the same used for Flower &
Dominguez (1992) for the identification and determination of the
specie.

With this paper we present the first report of this species in
South America and the broadening the distribution of the genera in
Colombia.

Figure 1. Distribution of Hydrosmilodon primanus on America.
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Abstract: Adaptive plasticity has been postulated as one of the integrating factors that explain the distribution
and abundance of species on different habitat with different environmental variations. The environmental
heterogeneity is the most important factor for the maintenance, increment or decrement of biodiversity. On this
study we determined the effect of periodicity and habitat structure on the richness and composition of species
of three different habitat: stream (P1), temporary ponds (P2) and permanent dam (P3) in an agrosystem in the
Central Brazilian Cerrado. We performed nine excursions to the field during November 2005 to April 2007. We
found and registered the species by direct search and vocalization orientation. We identified 19 anuran species
belonging to four families: Bufonidae (one species), Hylidae (nine species), Leptodactylidae (five species), and
Leiuperidae (four species). The greatest richness and abundance were recorded in temporary ponds (P2), which
differed significantly from the stream (P1) and from the permanent dam (P3). Dendropsophus nanus, Hypsiboas
raniceps and Leptodactylus chaquensis showed strong association with P2. P2 and P3 showed greater differentiation
between themselves in species composition than when compared to P1. Despite the fact that the studied areas
are surrounded by intense farming and present a high degree of anthropic disturbance, these areas showed a high
species richness being an important refugee for the amphibians, although the species found on this work are
usually associated to impacted areas or open phytophysiognomies and are favored with the creation of artificial
environments such as those in this study.

Keywords: anurofaunal, adaptative plasticity, environmental heterogeneity, habitat structure, anthropic
disturbance.

CAMPOS, V.A., ODA, F.H., JUEN, L., BARTH, A. & DARTORA, A. Composicio e riqueza de espécies de
anfibios anuros em trés diferentes habitat em um agrossistema no Cerrado do Brasil central. Biota Neotrop.
13(1): http://www.biotaneotropica.org.br/v13n1/pt/abstract?inventory+bn03213012013

Resumo: A plasticidade adaptativa tem sido postulada como um fator importante para explicar a distribui¢ao e
abundancia de espécies em habitat com diferentes niveis de variacdo ambiental e a heterogeneidade ambiental
tem sido apontada como responsavel pela manutenc¢do, aumento ou diminui¢do da diversidade. Neste trabalho,
determinamos o efeito da periodicidade e estrutura do habitat sobre a riqueza e composi¢do de espécies em
trés diferentes habitat: corrego (P1), pocas temporarias (P2) e represa permanente (P3) em um agrossistema no
Cerrado do Brasil central. Nove expedig¢des de campo foram realizadas entre outubro de 2005 e abril de 2007.
Os métodos de amostragem por encontro visual e procura auditiva foram utilizados para o registro das espécies.
Foram registradas 19 espécies de anuros pertencentes a quatro familias: Bufonidae (uma espécie), Hylidae (nove
espécies), Leptodactylidae (cinco espécies) e Leiuperidae (quatro espécies). Maior riqueza e a abundancia foram
registradas nas lagoas temporarias (P2), que diferiram significativamente do corrego (P1) e da represa permanente
(P3). Dendropsophus nanus, Hypsiboas raniceps e Leptodactylus chaquensis apresentaram forte associagdo com
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o sitio P2. Os sitios P2 ¢ P3 apresentaram maior diferenciagdo entre si na composigao de espécies, do que quando
comparados ao sitio P1. Apesar dos corpos d’agua estudados estarem inseridos em area de intensa agricultura
e sofrerem elevado grau de perturbag@o antropica, esses ambientes apresentam elevada riqueza de espécies,
constituindo-se como importantes refiigios para anurofauna da regido. Entretanto, as espécies registradas sao
associadas a areas antropizadas ou fitofisionomias abertas sendo favorecidas com a criagao de ambientes artificiais

como os observados no presente estudo.

Palavras-chave: anurofauna, plasticidade adaptativa, heterogeneidade ambiental, estrutura do habitat,

perturbagdo antropica.

Introducao

A plasticidade adaptativa tem sido postulada para explicar a
distribui¢do e abundancia de espécies em habitat com diferentes niveis
de variagdo ambiental (Griffiths 1997). Existem muitas discussoes a
respeito dos efeitos que as mudangas na paisagem provocam sobre as
comunidades que nela habitam (Knutson et al. 1999, Herrmann et al.
2005, Soares-Filho et al. 2006). As alteragdes no ambiente podem
criar um efeito homogeneizador, levando a uma diminui¢do na
complexidade ambiental e consequentemente na riqueza de espécies
(Hazell et al. 2001, Olden et al. 2004, Conte & Machado 2005,
Vasconcelos & Rossa-Feres 2005).

Considerando que pocas sdo ambientes temporarios, os
organismos que utilizam esse tipo de habitat devem possuir um
desenvolvimento mais rapido, maior amplitude de nicho (mais
generalistas) e com maior capacidade de dispersdo do que espécies
de habitat permanente. Desta forma, seriam menos suscetiveis a
variagdes ambientais, e com as alteracdes do ambiente, sofreriam
menos do que as outras espécies. Com isso poderiam aumentar sua
abundancia e distribuigdo, a predominancia de tais espécies resultaria
em homogeneizagao biodtica e baixa diversidade (veja Griffiths 1997,
Leips et al. 2000, Olden et al. 2004).

A heterogeneidade ambiental do Cerrado tem sido utilizada para
explicar a riqueza e distribuicéo local da herpetofauna, visto que o
mosaico de habitat contrastantes, abertos e florestais, imidos e secos
(Cavalcanti & Joly 2002, Oliveira-Filho & Ratter 2002), distribuidos
lado a lado no ambiente, cria um gradiente de condi¢des ambientais
e condigdes variadas de recursos que podem ser exploradas por
um grande numero de anfibios e répteis (Brandao & Aratjo 2001,
Colli et al. 2002, Nogueira et al. 2009, Oda et al. 2009). Como as
espécies possuem exigéncias eco fisiologicas diferenciadas, os limites
de nicho inerentes de cada organismo promovem um gradiente
de distribui¢do das espécies. Segundo Giaretta et al. (2008), a
heterogeneidade e descontinuidade dos habitat ajudam a explicar
a existéncia de espécies com distribuicdo descontinua como por
exemplo a Ameerega flavopicta.

Anuros sdo ectotérmicos, possuem pele permedvel e, como
conseqiiéncia, sdo suscetiveis as condi¢des ambientais, que podem
afetar sua distribuigdo e uso de habitat (Duellman & Trueb 1986).
Entretanto, a maioria das espécies, habita regides que tém altos
niveis de umidade e temperaturas moderadas a quentes, devido a
permeabilidade de sua pele ¢ da dependéncia dos habitat aquaticos e
terrestres durante seus ciclos de vida (Duellman & Trueb 1994, Wells
2007). Assim, impactos humanos no ambiente fazem dos anfibios um
dos grupos animais mais vulneraveis a modificacdes.

Devido a elevada dependéncia que anuros tém da qualidade
ambiental, tem sido demonstrado em algumas areas que fatores
abioticos (chuva, temperatura e heterogeneidade da vegetag@o) tém
maiores efeitos sobre a estrutura das comunidades de anuros do que
os fatores bidticos (competicao e predacao) (Vasconcelos et al. 2009).
Assim, acreditamos que a heterogeneidade ambiental e hidroperiodo
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instavel de habitat perenes influenciam fortemente a riqueza e
composi¢do de espécies do que habitat permanentes. Dessa forma,
o objetivo deste trabalho foi determinar o efeito da periodicidade e
estrutura do habitat sobre a riqueza e composi¢ao de espécies em trés
diferentes habitat em um agrossistema no Cerrado do Brasil central.

Material e Métodos

1. Area de estudo

O estudo foi realizado em trés tipos de corpos d’agua dentro
do dominio fitogeografico do Cerrado, localizados no municipio de
Tangara da Serra (Figura 1), situados a 6,5 km a oeste da cidade de
Tangara da Serra, estado de Mato Grosso (14° 37° 59” S e 57° 33’
39” 0). A regido situa-se a 240 km a noroeste da capital Cuiaba,
localizada entre as serras de Tapirapud e dos Parecis, apresentando
relevo de topografia plana (Soares & Nogueira 2008).

A precipitacdo anual varia entre 1300 a 2000 mm com um
periodo de chuvas (setembro-abril) e de seca (maio-agosto) bem
determinados. A temperatura oscila entre 16 e 36 °C, com umidade
relativa média de 80% (Cruz et al. 2008). Apesar da ocorréncia
de Floresta Estacional Semidecidual, a vegetagdo da regido ¢
predominantemente caracterizada pela presenga de formagdes
savanicas e areas antropicas (Brasil 1982). As principais atividades
econdmicas sdo pecudria de corte, cultivo de soja, algoddo, café,
arroz e cana-de-agucar.

Foram amostrados trés tipos de ambiente, corrego no interior de
floresta de galeria (14° 37°57” S e 57° 33* 38” O) (Sitio P1), lagoas
temporarias na borda de floresta de galeria (14° 37° 58” S e 57° 33’
397 0) (Sitio P2) e represa permanente (14°37°59” S e 57° 3336 O)
(Sitio P3). Sitio P1 (148,48 m?): a vegetagao ¢ constituida por arvores
de médio a grande porte e palmeiras de Bacuri (Platonia insignis
Mart.). O solo apresenta grande quantidade de serapilheira e rochas.
A é4gua possui aspecto cristalino, com fundo formado por rochas e
areia. No Sitio P2 (184,90 m?): para que o tamanho amostral fosse
similar a area amostrada nos outros tratamentos foi considerado as
trés lagoas como sendo uma unica area. A distancia entre as lagoas
era de aproximadamente 2 m. A margem em contato com a floresta
de galeria é composta por arvores de médio a grande porte, cobertas
por lianas herbaceas e lenhosas. As outras margens sdo constituidas
por capim navalha (Panicum maximum Jacq.), arbustos ¢ Embauba
(Cecropia sp.). Durante o periodo da seca o interior das lagoas
apresenta o solo imido com predominio de P. maximum. A agua
possui aspecto cristalino, com substrato formado de matéria organica
vegetal em decomposigdo. O Sitio P3 (171,49 m?): é formado a partir
do represamento do corrego e ¢ utilizada para criagdo de peixes. A
vegetacdo marginal ¢ constituida por gramineas, arbustos, arvores
de médio a grande porte e palmeiras de Bacuri (P, insignis). A dgua
possui aspecto turbido, com substrato formado por barro.
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Figura 1. Localizagdo do municipio de Tangara da Serra no estado de Mato Grosso, Brasil. O dominio fitogeografico do Cerrado ¢ mostrado em cinza escuro.

Figure 1. Location of the municipality of Tangara da Serra in the state of Mato Grosso, Brazil. The Cerrado phytogeographic domain is displayed in dark gray.

2. Amostragem

Nove expedi¢des de campo foram realizadas na area de estudo
entre outubro de 2005 e abril de 2007. As amostragens foram feitas
pelos métodos de encontro visual (Crump & Scott Junior 1994) e
procura auditiva (Zimmerman 1994), durante o periodo noturno em
cada corpo d’agua.

Alguns individuos de cada espécie foram coletados, fixados em
solucdo de formalina a 10% e posteriormente conservados em etanol
a 70%. Exemplares-testemunho foram depositados no Museu de
Zoologia de Tangara da Serra (MZT) — Colegdo Herpetologica da
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Universidade Estadual de Mato Grosso. Licenga de coleta concedida
pelo Instituto Brasileiro do Meio Ambiente e Recursos Naturais
Renovaveis (IBAMA; permissdo: 17914-2, processo: 21619-1).

3. Andlises estatisticas

Considerando que a riqueza de espécies observada ¢
freqlientemente um estimador viciado em relagdo a riqueza de
espécies real (Santos 2006), foi usado o estimador ndo paramétrico
Jackknife de 1* ordem para extrapolagdo da riqueza de espécies
na area de estudo. Este estimador atribui maior peso as espécies
raras (aquelas que ocorreram em apenas uma amostra) (Burnham
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& Overton 1979). Mesmo que o método subestime a riqueza da
comunidade, isto ndo constitui um grande problema, uma vez que em
geral o que se espera das estimativas de riqueza ¢ obter parametros
para comparagdes entre inventarios (Santos 2004). Para um melhor
suporte dos resultados, também foi realizada a rarefacao padronizada
por amostra, pois conforme argumenta Courtemanch (1996), nao se
pode comparar amostras padronizadas por uma certa quantidade de
individuos, visto que se perde muita informacao quanto a abundancia/
densidade das espécies nas comunidades. A técnica de rarefacdo
utilizada foi a “baseada em momentos” (Mao Tau) (Gotelli & Colwell
2001), que elimina completamente a necessidade de réplica e permite
a comparacao direta de riqueza entre amostras (Colwell et al. 2004).
Ambas as técnicas de estimativas foram calculadas no programa
EstimateS 7.5.0 (Colwell 2005).

Para testar se houve diferengas na abundancia de individuos entre
as trés areas, aplicou-se a analise de variancia (ANOVA unifatorial)
(Zar 1999). Os pressupostos de normalidade e de homocedasticidade
(teste de Levene) foram calculados e testados. Quando os pressupostos
ndo foram satisfatorios, a abundancia foi transformada usando
log,+1. Quando a ANOVA foi significativa, aplicou-se o teste de
Tukey para identificar quais locais apresentaram médias diferentes.

Para verificar a associag@o das espécies a um determinado local
usamos o Teste de Espécies Indicadoras (/ndVal) de Dufréne &
Legendre (1997), submetidos ao teste randomizacao de Monte Carlo,
para os trés locais de amostragem. Este teste analisa a fidelidade e
a especificidade das espécies a uma determinada variavel, servindo
para mensurar o grau de associagao.

Para sumarizar os dados da estrutura e composicao da assembléia,
utilizou-se a andlise de correspondéncia com remogao do efeito do arco

(ACD) (Hill & Gauch 1980, Gauch 1982, Ter Braak 1995) ordenando
os locais estudados com base na similaridade de composicao a partir
de dados de abundancia das espécies transformados (log+1). Para
testar a diferenga na composi¢ao de espécies entre as areas, aplicou-se
a Analise de Similaridade Bi-fatorial (ANOSIM), método usado para
detectar diferencas na estrutura da composi¢ao (Melo & Hepp 2008).

Resultados

Foram registradas 19 espécies de anuros pertencentes a quatro
familias: Bufonidae (uma espécie), Hylidae (nove espécies),
Leptodactylidae (cinco espécies) e Leiuperidae (quatro espécies,
Tabela 1). Maior riqueza foi observada no sitio P2 com 16 espécies,
seguido pelos sitios P3 e P1 com 11 e 10 espécies, respectivamente
(Tabela 1).

As curvas de rarefacdo de espécies baseadas em esforgo de
coleta nos trés sitios reprodutivos apresentaram forte tendéncia
a estabilizagdo (Figura 2), representando que o esfor¢o amostral
foi suficiente para registrar as espécies da localidade. Usando os
dados gerados pelo estimador Jackknife e a técnica de inferéncia
por intervalo de confianca, o sitio P2 teve maior riqueza de espécies
22,81 £ 4.96 (média + intervalo de confianga), apresentando em
média nove espécies a mais do que P3 (13,88 + 1,60), mas ndo
apresentou diferenca significativa com P1 (16,73 + 8,36), pois houve
sobreposi¢do do intervalo de confianga de um grupo com a média do
outro. O mesmo foi observado quando foram comparados os sitios
P3 e P1 (Figura 3).

O padrao de abundancia das espécies diferiu entre os sitios
reprodutivos amostrados (Tabela 1). No sitio P1, foram registrados

Tabela 1. Espécies e abundancia de anuros registradas em trés ambientes no municipio de Tangara da Serra, estado de Mato Grosso, Brasil.

Table 1. Species and abundance of anurans registered in three environments in the municipality of Tangara da Serra, Mato Grosso state, Brazil.

Ambientes amostrados

Familias e espécies N P1 P2 P3
N1 % N2 % N3 %

BUFONIDAE

Rhinella schneideri (Werner, 1894) 32 2 12,5 28 3,0 2 1,8
HYLIDAE

Dendropsophus melanargyreus (Cope, 1887) 2 - - 2 0,2 - -

Dendropsophus minutus (Peters, 1872) 5 1 6,2 3 0,3 1 0,9

Dendropsophus nanus (Boulenger, 1889) 379 1 6,2 366 39,8 12 10,9

Hypsiboas geographicus (Spix, 1824) 139 1 6,2 107 11,6 31 28,1

Hypsiboas punctatus (Schneider, 1799) 63 1 6,2 23 2,5 39 35,4

Hypsiboas raniceps Cope, 1862 54 3 18,7 41 4,5 10 9,1

Scinax fuscomarginatus (A. Lutz, 1925) 280 4 25,0 275 29,9 1 0,9

Scinax fuscovarius (A. Lutz, 1925) 1 - - 1 0,1 - -

Scinax nebulosus (Spix, 1824) 32 - - 28 3,0 4 3,6
LEIUPERIDAE

Eupemphix nattereri Steindachner, 1863 3 - - - - 3 2,7

Physalaemus albonotatus (Steindachner, 1864) 7 1 6,2 6 0,6 - -

Physalaemus centralis Bokermann, 1962 5 - - 5 0,5 - -

Physalaemus cuvieri Fitzinger, 1826 3 - 3 0,3 - -
LEPTODACTYLIDAE

Leptodactylus chaquensis Cei, 1950 22 - - 18 2,0 4 3,6

Leptodactylus fuscus (Schneider, 1799) 6 - 6 0,6 - -

Leptodactylus labyrinthicus (Spix, 1824) 2 1 6,2 1 0,1 - -

Leptodactylus mystacinus (Burmeister, 1861) 2 1 6,2 1 0,1 - -

Leptodactylus podicipinus (Cope, 1862) 7 - - 4 0,4 3 2,7
Numero de individuos 1044 16 918 110
Numero de espécies 19 10 18 11

http://www.biotaneotropica.org.br/v13n1/pt/abstract?inventory+bn03213012013
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Figura 2. Curvas de rarefagdo de espécies de anfibios anuros geradas pelo
estimador Jackknife 1 em trés ambientes no municipio de Tangara da Serra,
estado de Mato Grosso, Brasil. a) corrego no interior de floresta de galeria,
b) lagoas temporarias na borda de floresta de galeria e ¢) represa permanente.

Figure 2. Rarefaction curves of amphibian anuran species generated by the
estimator Jackknife 1 in three environments in the municipality of Tangara da
Serra, Mato Grosso state, Brazil. a) stream inside gallery forest, b) temporary
ponds in the edge of gallery forest, and ¢) permanent dam.

apenas 16 individuos. No sitio P2, foram registrados 918 individuos.
No sitio P3, foram registrados 110 individuos (Tabela 1). Diferenca
significativa foi observada na abundancia do sitio P2 em relacdo
aos sitios P1 e P3 (F(zw =15,884; p <0,001). O sitio P2 apresentou
em média 65 individuos a mais do que os sitios P1 e P3. Nao foi
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Figura 3. Riqueza estimada (estimador Jackknife 1) de espécies de anfibios
anuros em trés ambientes no municipio de Tangara da Serra, estado de Mato
Grosso, Brasil. P1: cérrego no interior de floresta de galeria, P2: lagoas
temporarias na borda de floresta de galeria e P3: represa permanente.
Figure 3. Estimated species richness (estimador Jackknife 1) of amphibian
anuran species in three environments in the municipality of Tangara da Serra,
Mato Grosso state, Brazil. P1: stream inside gallery forest, P2: temporary
ponds in the edge of gallery forest, and P3: permanent dam.

observada diferenca significativa na abundancia entre os sitios P1
e P3 (Figura 4).

Dentre as 19 espécies registradas no estudo, 95% ocorreram no
sitio P2 (lagoas temporarias). Cerca de 37% das espécies ocorreram
nos trés sitios (Rhinella schneideri, Dendropsophus minutus,
D. nanus, Hypsiboas geographicus, H. punctatus, H. raniceps, Scinax
fuscomarginatus), 32% ocorreram em dois sitios (Physalaemus
albonotatus, Leptodactylus chaquensis, L. labyrinthicus,
L. mystacinus, L. podicipinus, Scinax nebulosus) e 32% ocorreram em
apenas um dos sitios (Eupemphix nattereri, Physalaemus centralis,
P. cuvieri, Leptodactylus fuscus, Dendropsophus melanargyreus,
Scinax fuscovarius). Por meio do Teste de Espécies Indicadoras
(IndVal) foi observado que Dendropsophus nanus, Hypsiboas
raniceps e Leptodactylus chaquensis apresentaram forte associacio
com o sitio P2 (Tabela 2).

Através da ordenagdo das amostras dos sitios reprodutivos
produzida pela ACD foi possivel constatar que os sitios P2 ¢ P3
apresentaram maior diferencia¢@o entre si na composicao de espécies,
do que quando comparados ao sitio P1 (Figura 5). Este resultado
¢ confirmado pela analise ANOSIM onde foi observada diferenca
significativa entre os sitios P2 e P3 (R =0,114; p = 0,042). Por outro
lado, ndo foram encontradas diferengas significativas entre os sitios
P1 e P2 (R=0,060; p=0,300) e P1 ¢ P3 (R =-0,009; p=0,479).

Discussao

A taxocenose de anfibios anuros da area estudada ¢ composta em
sua maioria (79%) por espécies amplamente distribuidas na América do
Sul, freqiientemente associadas a areas antropizadas ou fitofisionomias
abertas (Rhinella schneideri, Dendropsophus melanargyreus,
D. minutus, D. nanus, Hypsiboas geographicus, H. punctatus,
H. raniceps, Scinax fuscomarginatus, S. fuscovarius, S. nebulosus,
Physalaemus cuvieri, Leptodactylus fuscus, L. labyrinthicus,
L. mystacinus e L. podicipinus) (Bernarde & Kokubum 1999,
Vasconcelos & Rossa-Feres 2005, Santos et al. 2007, 2009). Apenas
21% das espécies estdo relacionadas as formagdes abertas do Chaco
(Physalaemus albonotatus e Leptodactylus chaquensis) e Cerrado
(Eupemphix nattereri e Physalaemus centralis).
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Tabela 2. Valor individual de indica¢do (/ndVal) das espécies de anuros amostradas em trés ambientes no municipio de Tangara da Serra, estado de Mato

Grosso, Brazil.

Table 2. Indication individual value (IndVal) of the anuran species sampled in the three environments in the municipality of Tangara da Serra, Mato Grosso

state, Brazil.

Espécies Valor da indicaciao (IndVal) P Ambiente
Dendropsophus nanus 58,9 0,028 P2
Hypsiboas raniceps 52,1 0,138 P2
Leptodactylus chaquensis 49,6 0,066 P2
Hypsiboas geographicus 40,1 0,218 P2
Scinax fuscomarginatus 36,6 0,164 P2
Scinax nebulosus 33,5 0,108 P3
Hypsiboas punctatus 30,8 0,303 P3
Eupemphix nattereri 25 0,107 P3
Rhinella schneideri 23,5 0,472 P2
Leptodactylus fuscus 23,1 0,179 P2
Leptodactylus labyrinthicus 19,1 0,142 P1
Leptodactylus mystacinus 19,1 0,142 P1
Dendropsophus minutus 15,5 0,264 P1
Physalaemus centralis 15,4 0,610 P2
Physalaemus albonotatus 15 0,466 P2
Leptodactylus podicipinus 12,7 0,749 P2
Dendropsophus melanargyreus 7,7 1,000 P3
Scinax fuscovarius 7,7 1,000 P2
Physalaemus cuvieri 6,9 0,878 P2
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Figura 4. Abundancia das espécies de anfibios anuros registradas em trés
ambientes no municipio de Tangara da Serra, estado de Mato Grosso, Brasil.

Figure 4. Abundance of amphibian anuran species registered in three
environments in the municipality of Tangara da Serra, Mato Grosso state,
Brazil.

A forte tendéncia a estabilizag¢ao das curvas de rarefagao, bem
como a riqueza estimada para os trés sitios reprodutivos analisados,
mostraram que o método de coleta empregado foi apropriado para a
determinacdo da riqueza local, uma vez que a eficiéncia de captura
foi de 60% para P1 (riqueza observada/observada), 79% para P2 ¢
80% para P3. Estudos recentes como os realizados no Alto Tocantins,
Niquelandia, Goias (29 espécies; Oda et al. 2009), regido sudoeste
de Goias (36 espécies; Morais et al. 2011) e que usaram a mesma
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Figura 5. Diagrama de ordena¢do da Analise de Correspondéncia
Destendenciada (ACD) baseado na composi¢do de espécies de anfibios
anuros em trés ambientes no municipio de Tangara da Serra, estado de Mato

Grosso, Brasil.

Figure 5. Ordination diagram of Detrented Correspondence Analysis (DCA)
based in the composition of amphibian anuran species in three environments
in the municipality of Tangara da Serra, Mato Grosso state, Brazil.

metodologia também obtiveram resultados similares, resultando a

eficiéncia amostral do nosso estudo.

Maior niimero de espécies e abundancia foram encontrados em

corpos d’agua temporarios (lagoas temporarias na borda de floresta
de galeria), corroborando resultados obtidos em outros estudos em
regides de clima sazonal (e.g. Prado et al. 2005, Santos et al. 2007,
Vasconcelos et al. 2009), onde a maioria das espécies também utilizou
corpos d’agua temporarios para reprodugdo. Williams et al. (2003)
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também evidenciaram uma elevada biodiversidade em lagoas quando
comparadas a rios, riachos e diques em area de agricultura.

Em nosso estudo, a ndo utilizagdo de réplicas espaciais ¢
justificada pela dificuldade de institui-las de forma que se represente
fielmente os corpos d’agua com os mesmos tipos de impactos,
uma vez que a variagdo na composicdo das espécies pode existir
por qualquer outro fator externo desconhecido, o que poderia
mascarar nossos resultados. Assim, a elevada riqueza em corpos
d’4gua temporarios quando comparados com a lagoa permanente e
o corrego, concordam com os resultados obtidos em outros estudos
em regides de clima sazonal (e.g. Prado et al. 2005, Santos et al.
2007, Vasconcelos et al. 2009), onde a maioria das espécies utilizou
pocas temporarias para reprodugdo. Além disso, os ambientes
temporarios, onde os predadores de girinos sdo menos abundantes
ou ausentes, podem atrair maior nimero de espécies de anuros que
os ambientes permanentes (Smith 1983, Woodward 1983, Skelly
1997), permitindo as larvas explorarem fontes de alimento antes da
colonizagdo de insetos e peixes, enquanto a0 mesmo tempo, evitam
predadores (Barreto & Moreira 1996, Eterovick & Sazima 2000,
Prado et al. 2005). Entretanto, Kopp & Eterovick (2006) observaram
que a riqueza de espécies de girinos nao foi associada ao ntimero de
tipos ou abundéncia de potenciais predadores de girinos em pogas,
sugerindo que fatores ambientais e estocasticos sdo mais provaveis a
produzir os padrdes observados de distribuigdo das espécies do que
as interagdes bioticas.

Neste estudo, dois fatores ndo mutuamente exclusivos podem
explicar a maior riqueza e composicao de espécies em P2 (trés lagoas
temporarias na borda de floresta de galeria): 1) a heterogeneidade
estrutural do habitat e 2) a plasticidade no desenvolvimento larval
das espécies de anuros. O diversificado estrato vegetal (arboreas,
arbustivas e herbaceas) presente nesse ambiente possibilita a
ocupagdo vertical do habitat pelos hilideos que juntamente com as
espécies terrestres, principalmente leiuperideos e leptodactilideos,
contribuem para a maior diversificagdo e niimero de espécies nesse
ambiente (veja Cardoso et al. 1989, Pombal 1997).

J4 a plasticidade no desenvolvimento larval permite aos anuros
ajustarem as taxas reprodutivas de acordo com a variagdo ambiental
do habitat (veja Griffiths 1997). Como exemplo, anuros quando
expostos a condi¢des favoraveis (baixo risco de predacdo e de
dessecagdo do habitat) apresentam um maior periodo larval, o qual
garante tamanho de corpo maior durante a metamorfose, aprimora
o sucesso de acasalamento dos machos, aumenta a probabilidade de
sobrevivéncia durante a hibernagao, diminui o tempo para a primeira
reproducdo ¢ aumenta a fecundidade das fémeas (Howard 1978,
Berven 1981, 1982, 1990, Berven & Gill 1983, Pough & Kamel 1984,
Smith 1987, Semlitsch et al. 1988). Por outro lado, em condigdes
menos favoraveis (alto risco de predagdo e dessecagdo), os anuros
diminuem o periodo larval o qual minimiza o risco acumulado de
mortalidade por predagdo ou dessecacdo do habitat, mas com um
custo de menor tamanho do corpo durante a metamorfose e suas
desvantagens concomitantes (Leips et al. 2000). Desta forma, mesmo
com eventos catastroficos de extingdo em uma lagoa, a imigracao de
juvenis e adultos de lagoas vizinhas pode assegurar a continuidade
da populagdo (Griffiths 1997). Sendo assim, ¢ de se esperar que P2
apresente elevada riqueza, uma vez que eventos catastroficos possam
ser compensados pela plasticidade no desenvolvimento larval aliado
ao fluxo génico entre as metapopulagdes existentes entre os diferentes
corpos d’agua desta localidade.

Em contraste, a menor riqueza de espécies registrada no sitio P1
(corrego no interior de floresta de galeria) pode estar relacionada aos
modos reprodutivos das espécies registradas. Segundo Duellman &
Trueb (1986) em habitat sazonais com uma estagdo seca, 0 modo
generalizado (onde os ovos sdo depositados em corpos de dgua
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Iénticos e com girinos aquaticos) ¢ mais frequente, como evidenciado
por Hoogmoed & Gorzula (1979) em regido savanica na Venezuela,
em que 57,7% das espécies apresentam o modo generalizado, no
Cerrado, 52% das espécies (Kopp et al. 2010), no Chaco Argentino,
50% das espécies (Perotti 1997) e no Pantanal, 62,5% das espécies
(Prado et al. 2005) e no presente estudo, 47% espécies apresentam
modo reprodutivo generalizado.

Considerando que os corpos d’agua estudados estdo inseridos
em area de intensa agricultura sofrendo elevado grau de perturbacio
antropica, esses ambientes apresentam elevada riqueza de espécies,
constituindo-se como importantes refgios para anurofauna da regido.
Entretanto, as espécies registradas, de forma geral, sdo associadas a
areas antropizadas ou fitofisionomias abertas sendo favorecidas com
a criacdo de ambientes artificiais como os observados neste estudo.
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Abstract: Coleoptera of the family Geotrupidae play an important ecological role in the decomposition of animal
and plant organic matter. In Brazil there is little information on the diversity and distribution of this group, thus,
this work had a purpose to study Geotrupidae species, occurring in Aquidauana, MS. A survey for geotrupids
was conducted in Aquidauana, Mato Grosso do Sul, Brazil. Beetles were captured using a light trap over a period
of two years, from January 2006 to December 2007. A total of 907 specimens were collected and identified to
eight species. From the subfamily Bolboceratinae, the species identified were Bolbapium minutum (Luederwaldt,
1929) and Pereirabolbus castaneus (Klug, 1845). In the subfamily Athyreinae the species identified were
Athyreus bilobus Howden & Martinez, 1978, Parathyreus aff. bahiae, Neoathyreus aff. julietae, N. sexdentatus
Laporte, 1840, N. centromaculatus (Felsche, 1909) and N. goyasensis (Boucomont, 1902). Four species (4. bilobus,
N. centromaculatus, N. goyasensis and P. castaneus) are reported for the first time in Aquidauana, MS, Brazil.
The most abundant species, representing 85.9% of the total capture, was B. minutum. The greatest numbers of
specimens was caught from October to December of both years of the study.

Keywords: athyreinae, bolboceratinae, insect ecology, insecta.

RODRIGUES, S.R. & PUKER, A. Espécies de Geotrupidae (Coleoptera, Scarabaeoidea) em Aquidauana,
Mato Grosso do Sul, Brasil. Biota Neotrop. 13(1): http://www.biotaneotropica.org.br/v13nl/pt/abstract?short-
communication+bn00513012013

Resumo: Os coledpteros da familia Geotrupidae desempenham importante fung@o ecologica na decomposicao
de matéria organica de origem animal e vegetal. No Brasil, escassas sdo as informacdes sobre distribuicdo e
diversidade desse grupo, assim o objetivo do presente trabalho foi relacionar as espécies de Geotrupidae ocorrentes
em Aquidauana, MS. Os estudos com Geotrupidae foram conduzidos em Aquidauana, Mato Grosso do Sul, Brasil.
Para realizar a coleta dos insetos foi utilizada uma armadilha de luz, instalada de janeiro de 2006 a dezembro
de 2007. Foram coletados 907 espécimes de Geotrupidae sendo identificadas oito espécies. Na subfamilia
Bolboceratinae foram identificados Bolbapium minutum (Luederwaldt, 1929) e Pereirabolbus castaneus (Klug,
1845). Na subfamilia Athyreinae foram identificados Athyreus bilobus Howden & Martinez, 1978, Parathyreus aff.
bahiae, Neoathyreus aff. julietae, N. sexdentatus Laporte, 1840, N. centromaculatus (Felsche, 1909) e N. goyasensis
(Boucomont, 1902). Quatro espécies (4. bilobus, N. centromaculatus, N. goyasensis e P. castaneus) sdo reportadas
pela primeira vez em Aquidauana, MS, Brasil. Bolbapium minutum foi a espécie mais abundante, representando
85,9% do total de insetos coletados, e a maior quantidade amostrada concentra-se de outubro a dezembro.
Palavras-chave: athyreinae, bolboceratinae, ecologia de insetos, insecta.
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Introduction

Geotrupid beetles (Coleoptera: Scarabaeoidea) are represented
by 68 genera and about 620 species worldwide (Scholtz & Brownw,
1996) and many can be found in Brazil. Howden (1985a), when
reviewing Neoathyreus Howden & Martinez, 1963, listed 44 species
in South America, where 23 of these occur in Brazil. In this
genus, Howden (2006) described five more new species including
Neoathyreus moraguesi Howden occurring in Brazil. Neoathyreus
braziliensis Howden, 1985 was registered in the northern region of
the state of Parana by Ronqui & Lopes (2006).

Howden & Martinez (1978) conducted a review of the genus
Athyreus Macleay and reported 31 species, of which 19 occur in
Brazil. Additionally, Howden (1999, 2002) described more two
species, A. nebulosus and A. mouraensis, both collected in the state
of Amazonas, Brazil.

In Parathyreus Howden & Martinez, 1963, Howden (1985b)
revised the genus including in it more two new species, P. lobatus and
P, rectus. He also redescribed P. trituberculatus Howden & Martinez,
1963, P. fissicollis Howden & Martinez, 1978 and P. hahiae Howden
& Martinez, 1978, and also reported the many locality records of
these species in Brazil.

According to Martinez (1976), 12 species of Bolbapium
Boucomont, 1910, can be found in South America and of these,
the following species occur in Brazil: B. bigibbosum (Luederwaldt,
1929), B. borgmeieri Martinez, 1976, B. lucidulum (Klug, 1845),
B. minutum (Luederwald, 1929), B. parcepunctatum (Arrow,
1913), B. quadrispinosum (Luederwaldt, 1929), B. sculpturatum
(Mannerheim, 1829) and B. striatopunctatum (Laporte, 1840). Ide &
Martinez (1993), described two more species with B. paralucidulum
registered to Brazil, Argentina and Uruguay, and B. sulcifions from
Brazil.

The subfamilies of Geotrupidae occurring in Brazil (Athyreinae
and Bolboceratinae) are known to feed primarily on underground
fungi, as well as plant leaves that are carried into underground
tunnels (Howden 1955, Howden et al. 2007). In Brazil, the diversity
and population dynamics of these beetles is still poorly known, and
therefore this study was developed to better understand the family
Geotrupidae in Aquidauana, Mato Grosso do Sul, Brazil.

Materials and Methods

The study was conducted at the Universidade Estadual de
Mato Grosso do Sul (UEMS) in Aquidauana, MS, Brazil. The
experimental area of the UEMS on the farm where the experiment
was conducted, has about 10 hectares, and has cultivated the grass
Brachiaria decumbens Stapf cv. Basilisk (Poaceae). Behind this area
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there is a sector of agriculture where it is cultivated with cereals and
legumes. Surrounding the experimental area at a distance of about
1 km, the native vegetation is savannah. All the studied materials were
captured with one light trap operating every day from January 2006
to December 2007. The trap utilized an attractive 20-watt fluorescent
lamp and was one meter above the ground. The trap remained on
from 6:00 PM until 6:00 AM the next day, at which time the insects
were collected.

Geotrupidae specimens were deposited in the insect collection
at the Universidade Estadual de Mato Grosso do Sul in Aquidauana,
MS, Brazil and in the entomological collection of the Universidade
Federal do Mato Grosso, in Cuiaba, Mato Grosso.

Results and Discussion

Atotal of 907 specimens of Geotrupidae were captured in the two
years of sampling. In 2006 a total of 408 specimens were collected,
in which the greatest abundance of beetles was registered from
September to December. In October 255 specimens were captured
(62.5%), which is the largest amount during the year (Figure 1). A
total of 499 specimens were captured in 2007, where the greatest
quantities were obtained from October to December, being November
the month in which the greatest number was captured, 167 specimens
(33.5%) (Figure 1).

From the specimens captured, representatives of Athyreinae
and Bolboceratinae were identified, belonging to five genera and
cight species (Table 1). From Athyreinae those identified were
Athyreus bilobus Howden & Martinez, 1978, Neoathyreus aff.
Jjulietae, Neoathyreus sexdentatus (Laporte, 1840), N. centromaculatus
(Felsche, 1909), N. goyasensis (Boucomont, 1902) and Parathyreus
aff. bahiae, while from Bolboceratinae were Bolbapium minutum
(Luederwaldt, 1929) and Pereirabolbus castaneus (Klug, 1843)
(Table 1).

From Athyreus a single specimen of A. bilobus was collected in
February of 2007. Distribution of this species is reported to Paraguay
and Brazil (states of Goias, Minas Gerais, Parana, Rio de Janeiro and
Sdo Paulo) (Howden 1978), thus being reported for the first time in
the state of Mato Grosso do Sul.

A specimen of Neoathyreus centromaculatus was captured in May
2007. Its occurrence has been reported in Bolivia, Paraguay and Brazil
in the states of Goias and Para (Howden 1985a), therefore this is first
record for the state of Mato Grosso do Sul. In 2006, 41 specimens of
N. goyasensis were captured. A total of 28 specimens were collected
in 2007. From this study, knowledge on the distribution of this species
is amplified since it has been reported only for the state of Goias
(Brazil) (Howden 1985a).
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Figure 1. Abundance of Geotrupidae (Coleoptera: Scarabaeoidea) captured from January 2006 to December 2007.
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Table 1. Total and relative abundance of species of Geotrupidae (Coleoptera: Scarabacoidea) captured from January 2006 to December 2007.

Subfamily/Species 2006 2007 Total Relative abundance (%)

Athyreinae

Athyreus bilobus Howden & Martinez, 1978* 1 1 0.11

Parathyreus aff. Bahiae 13 15 1.65

Neoathyreus aff. julietae 11 25 2.76

Neoathyreus sexdentatus (Laporte, 1840) 6 14 1.54

Neoathyreus centromaculatus (Felsche, 1909)* 1 1 0.11

Neoathyreus goyasensis (Boucomont, 1902)* 41 28 69 7.61
Bolboceratinae

Bolbapium minutum (Luederwaldt, 1929) 343 436 779 85.89

Pereirabolbus castaneus (Klug, 1843)* 3 3 0.33
Total 408 499 907 100

*Reported for the first time in the state of Mato Grosso do Sul.

250 ~

O 2006
200 @ 2007

150

100 A

Number of specimens

50 -

]

Jan. Feb.  Mar. Apr. May

July  Aug. Sept. Oct. Nov. Dec.

Month

Figure 2. Abundance of Bolbapium minutum (Luederwaldt, 1929) captured from January 2006 to December 2007.

Fourteen specimens of Neoathyreus aff. julietae were captured
in 2006. In 2007, 11 specimens were collected. Neoathyreus julietae
Howden, 2006 is also distributed in Bolivia and Peru (Howden 2006).
A total of 14 specimens of N. sexdentatus were captured during the
two years of study. According to Howden (1985a), this species has
previously been encountered in Argentina, Paraguay and Brazil
(states of Espirito Santo, Mato Grosso, Mato Grosso do Sul, Para
and Rondonia). Two specimens of Parathyreus aff. bahiae were
collected in 2006. In 2007 this number increased to 13. In Brazil,
P. bahiae (Arrow, 1913) occurs in Bahia, Goias, Mato Grosso, Mato
Grosso do Sul, Minas Gerais, Rio de Janeiro and Sdo Paulo, as well
as in Paraguay (Howden 1985b).

Despite presenting only two species of Bolboceratinae
(Bolbapium minutum and Pereirabolbus castaneus), the highest
percentage of sampled specimens belong to this subfamily. In 2006,
408 specimens were captured, 343 (84.1%) represented by B. minutum
and of the 499 specimens captured in 2007, 436 (87.4%) were also
of this species. Therefore, the population dynamics of Geotrupidae
sampled in Aquidauana, is principally influenced by the dynamics of
B. minutum, given that 85.9% of the specimens are of this species.

Considering the two years of sampling, B. minutum was registered
from January to April, in July and from September to December, but
its abundance is concentrated from October to December (Figure 2).
This species was originally described as Bolboceras minutum by
Luederwaldt (1929), from specimens collected in the state of Mato
Grosso (Brazil). Very little information is available on the distribution
of representatives of Bolbapium, but the presence of B. sculpuratum
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(Mannerheim, 1829) is reported in the Brazilian state of Parana,
where it was also captured using a light trap (Ronqui & Lopes 2006).
Three specimens of P. castaneus were sampled in this study,
two in November and one in December of 2007. The occurrence
of this species was limited to the hot and humid period (Spring) in
Aquidauana. This species was originally described as Bolboceras
castaneum by Klug (1843) from Brazilian specimens. The present
study is the first record of its occurrence in Mato Grosso do Sul.

In conclusion, this study reported eight species of the family
Geotrupidae living in pastures or area around, in Aquidauana, MS.
Four species were recorded for the first time in the state of Mato
Grosso do Sul, adding to the knowledge of the geographic distribution
of this group.

Acknowledgments

To Dr. Fernando Zagury Vaz-de-Mello (UFMT, Brazil) for
identification of the Geotrupidae species. To Fundagdo de Apoio
ao Desenvolvimento do Ensino, Ciéncia e Tecnologia do Estado
de Mato Grosso do Sul (FUNDECT) by financial support. The
anonymous reviewers for the valuable corrections and suggestions
on the preliminary versions of this manuscript.

References

HOWDEN, H.F. 1955. Biology and taxonomy of north american beetles of
the subfamily Geotrupinae with revision of the genera Bolbocerosoma,
Eucanthus, Geotrupes and Peltotrupes. Proc. Unit. Stat. Nat.
Mus. 104:151-319. http://dx.doi.org/10.5479/51.00963801.104-3342.151

http://www.biotaneotropica.org.br


http://www.biotaneotropica.org.br
http://dx.doi.org/10.5479/si.00963801.104-3342.151

352

Biota Neotrop., vol. 13, no. 1

Rodrigues, S.R. & Puker, A.

HOWDEN, H.F. 1985a. A revision of the South American species in the
genus Neoathyreus Howden and Martinez (Coleoptera, Scarabacidae,
Geotrupinae). Cont. Amer. Ent. Inst. 21(4):1-95.

HOWDEN, H.F. 1985b. A revision of the South American genus Parathyreus
Howden and Martinez (Coleoptera: Scarabaeidae: Geotrupinae). Coleop.
Bull. 39(2):161-173.

HOWDEN, H.F. 1999. New species of central and south american Athyreini
(Coleoptera: Scarabaeidae: Geotrupinae). Coleop. Bull. 53(4):339-354.

HOWDEN, H.F. 2002. The Athyreus tribuliformis Felsche complex
with descriptions of three new species (Coleoptera: Scarabaeoidea:
Geotrupidae: Athyreini). Entom. 17(1):25-35.

HOWDEN, H.F. 2006. New species and a new subgenus of South American
Neoathyreus Howden and Martinez (Coleoptera: Geotrupidae: Athyreini).
Zootaxa 1137:37-52.

HOWDEN, H.F. & MARTINEZ, A. 1978. A review of the new of the new
world genus Athyreus Macleay (Scarabaeidae, Geotrupinae, Athyreini).
Contrib. Amer. Entom. Inst. 15(4):1-70.

http://www.biotaneotropica.org.br

HOWDEN, H.F., HOWDEN, A.T. & HOLLOWAY, G. 2007. Digging
down under: Australian Bolboceratini, their habits and a list of species
(Coleoptera: Scarabacoidea: Geotrupidae). Zootaxa 1499:47-59.

IDE, S. & MARTINEZ, A. 1993. Two new species of Bolbapium
Boucomont, 1919 (Coleoptera, Geotrupidae, Bolboceratinae). Rev. Bras.
Ent. 37(2):369-385.

LUEDERWALDT, H. 1929. Trés novas espécies do género Bolboceras (Col.
Lamellicornia. Geotrupidae). Bol. Mus. Nac. 5(1):71-72.

MARTINEZ, A. 1976. Contribucion al conocimiento de los Bolboceratini

sudamericanos (Coleoptera, Scarabaeidae, Geotrupinae, Bolboceratini).
Stud. Ent. 19(1-4):531-551.

RONQUI, D.C. & LOPES, J. 2006. Composi¢do ¢ diversidade de
Scarabaeoidea (Coleoptera) atraidos por armadilha de luz em area rural
no norte do Parana, Brasil. Theringia Sér. Zool. 96(1):103-108.

SCHOLTZ, C.H. & BROWNE, D.J. 1996. Polyphyly in the Geotrupidae
(Coleoptera: Scarabacoidea): a case for a new family. J. Nat.
Histor. 30(4):597-614. http://dx.doi.org/10.1080/00222939600770311

Received 23/02/2012
Revised 12/12/2012
Accepted 09/01/2013

http://www.biotaneotropica.org.br/v13nl/en/abstract?short-communication+bn0051301201


http://www.biotaneotropica.org.br
http://dx.doi.org/10.1080/00222939600770311

Biota Neotrop., vol. 13, no. 1

Fauna de formigas (Hymenoptera: Formicidae) atraidas
a armadilhas subterrineas em areas de Mata Atlantica

Carmen Julia de Figueiredo', Rogério Rosa da Silva’,

Catarina de Bortoli Munhaée’ & Maria Santina de Castro Morini’*

Niicleo de Ciéncias Ambientais — NCA, Laboratério de Mirmecologia,
Universidade de Mogi das Cruzes — UMC, Av. Dr. Candido Xavier de Almeida e Souza, 200,
CEP 08701-970, Mogi das Cruzes, SP, Brasil. www.umc.br
’Museu de Zoologia, Universidade de Sdo Paulo — USP, Av. Nazaré, 481, Ipiranga,

CEP 04263-000, Sdo Paulo, SP, Brasil. www.mz.usp.br
3Centro de Estudos de Insetos Sociais, Universidade Estadual Paulista — UNESP,

CEP 13506-900, Rio Claro, SP, Brasil. www.unesp.br
“Autor para correspondéncia: Maria Santina de Castro Morini, e-mail: mscmorini@gmail.com

FIGUEIREDO, C.J., SILVA, R.R., MUNHAE, C.B. &, MORINI, M.S.C. Ant fauna (Hymenoptera: Formicidae)
attracted to underground traps in Atlantic Forest. Biota Neotrop. (13)1: http://www.biotaneotropica.org.br/
v13nl/en/abstract?articlet+tbn01413012013

Abstract: This study aimed at evaluating the composition of ant fauna that forage below the soil surface of the
Atlantic Forest areas in advanced stage of regeneration. Two similar areas regarding the soil’s abiotic characteristics
were studied; one in the Serra do Mar and the other in the Serra do Itapeti formations, state of Sao Paulo, Brazil.
Twenty sets of three subterranean traps containing attractive baits were distributed every two months in each
area, placed in 30 cm deep holes 20 m equidistant from each other. The traps remained in field for 24 hours.
A total of seven subfamilies, 16 genera and 42 morphospecies/species were recorded. Three of these species,
Acanthostichus quadratus, Labidus coecus and L. mars can be considered cryptobiotic. The observed richness
does not differ through the sampling months and communities are similar regardless of season. There was a record
of'a new species of the genus Megalomyrmex, and some taxa usually not collected as Acanthostichus. The results
demonstrate the importance of studies on the fauna that forages below the soil surface to the taxonomy, given
the potential to reveal new and rarely sampled species.

Keywords: richness, new species, seasonal variation, communities, hypogaeic ants.

FIGUEIREDO, C.J., SILVA, R.R., MUNHAE, C.B. & MORINI, M.S.C. Fauna de formigas (Hymenoptera:
Formicidae) atraidas a armadilhas subterraneas em areas de Mata Atlantica. Biota Neotrop. 13(1): http://
www.biotaneotropica.org.br/v13nl/pt/abstract?article+bn01413012013

Resumo: Este estudo teve como objetivo avaliar a composicdo da fauna de formigas que forrageia abaixo da
superficie do solo de areas de Floresta Atlantica em estdgio avangado de regeneragdo. Foram estudadas duas
areas similares em relagdo as caracteristicas abioticas do solo, sendo uma localizada na Serra do Mar e a outra
na Serra do Itapeti, ambas no Estado de Sdo Paulo, Brasil. Em cada area foram distribuidos, a cada dois meses,
20 conjuntos de trés armadilhas subterraneas, contendo iscas atrativas, em buracos de 30 cm de profundidade,
e equidistantes 20 m um do outro. As armadilhas permaneceram no campo por 24 horas. Foram registradas no
total sete subfamilias, 16 géneros e 42 morfoespécies/espécies. Trés destas espécies, Acanthostichus quadratus,
Labidus coecus e L. mars, podem ser consideradas criptobioticas. A riqueza observada ndo difere em relagao
aos meses de coleta e, independentemente da época do ano, as comunidades sao similares. Houve registro de
uma espécie nova pertencente ao género Megalomyrmex, além de taxons normalmente pouco coletados, como
Acanthostichus. Os resultados demonstram a importancia de estudos sobre a fauna que forrageia abaixo da
superficie do solo para a taxonomia, dado seu potencial para revelar novas espécies ou pouco representadas em
colegdes.

Palavras-chave: riqueza, nova espécie, variagdo sazonal, comunidades, formigas hipogeicas.
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Formigas em armadilhas subterraneas

Introducao

As formigas representam somente 2% da fauna de insetos
descrita, porém podem constituir mais de 30% da biomassa de animais
das florestas tropicais, savanas, campos e outros habitats importantes
do planeta (Ellwood & Foster 2004, Wilson & Holldobler 2005).

A maior parte das espécies conhecidas habita o solo e/ou
serapilheira (Wall & Moore 1999), sendo que nas florestas tropicais
cerca de 50% da fauna de formigas pode estar associada a serapilheira
(Delabie & Fowler 1995). A fauna que forrageia e nidifica abaixo da
superficie do solo (conhecida como fauna subterranea), ¢ considerada
importante para estudos de biodiversidade das florestas tropicais
(Longino et al. 2002, Fisher & Robertson 2002), e uma nova fronteira
em inventarios sobre biodiversidade (Wilkie et al. 2007, Andersen &
Brault 2010); embora seja pouco estudada (Schmidt & Solar 2010).
Essa lacuna no conhecimento ¢, em parte, atribuida a escassez de
técnicas de coleta adequadas (Wilkie et al. 2007, Tschinkel 2010,
Schmidt & Solar 2010), ja que os membros das colonias destas
formigas passam a maior parte do ciclo de vida em ninhos e cavidades,
e somente os alados vém a superficie no periodo reprodutivo (Silva
& Silvestre 2004).

Estudos sistematicos para caracterizar a fauna de formigas
que forrageia abaixo da superficie do solo, revelaram espécies ndo
amostradas pelas técnicas comumente empregadas em trabalhos sobre
a fauna epigéica (Longino et al. 2002, Morini et al. 2004, Silva &
Silvestre 2004, Wilkie et al. 2007, Andersen & Brault 2010, Schmidt
& Solar 2010, Pacheco & Vasconcelos 2012), incluindo espécies
de géneros considerados muito comuns como Brachymyrmex e
Solenopsis (Lubertazzi & Tschinkel 2003).

Considerando relativamente pequeno o nimero de estudos
sobre as formigas que forrageiam abaixo da superficie do solo e o
potencial para revelar novidades taxondmicas, este trabalho tem como
objetivo descrever a composigao dessa fauna na Floresta Ombrofila
Densa. Para o nosso conhecimento, esse € o levantamento local mais
extensivo aplicado a este tipo de fauna no Bioma Mata Atlantica.
Além disso, pretendemos dar um aporte a colegao regional da fauna de
formigas do Alto Tieté, cujas espécies sdo, na maioria, de serapilheira.

Material e Métodos

1. Areas de estudo

O trabalho foi realizado em duas areas de Floresta Ombrofila
Densa (Veloso etal. 1991) em estagio avancado de regeneragao, sendo
uma pertencente a Serra do Mar (Parque das Neblinas — PN; S 23°
44’517 e O 46°08°39”) e a outra a Serra do Itapeti (Parque Natural
Municipal Francisco Affonso de Mello — PNMFAM; S 23° 29’ 22”
e O 46°11° 557) (Figura 1), ambas localizadas no Estado de Sao
Paulo, Brasil.

O solo das Serras do Mar e do Itapeti ¢ similar, pois possui
textura argilosa, baixos valores de pH, alto teor de matéria orgénica,
baixos valores de cations trocaveis e indices elevados de aluminio e
hidrogénio (Manna de Deus et al. 1995, Tomasulo & Cordeiro 2000,
Padua et al. 2004).

2. Coleta e identificacdo de formigas

As formigas foram coletadas a cada dois meses ao longo de um
ano, em armadilhas confeccionadas com frascos de filme perfurado
com um didmetro de trés milimetros (Morini et al. 2004), contendo
trés tipos de iscas atrativas: sardinha amassada juntamente com o
6leo da conserva (1 cm?), salsicha do tipo Viena (1 cm?), também
amassada e mel silvestre (1 cm?®). Foram usados diferentes tipos de
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iscas atrativas com o intuito de capturar o maior nimero de espécies
de formigas que forrageiam abaixo da superficie do solo.

Em cada area de estudo foram perfurados (com uma escavadeira
manual) 20 buracos no solo, de 30 cm de profundidade cada,
equidistantes 20 m um do outro, uma semana antes do experimento.
Neste momento, toda a serapilheira do entorno de cada ponto amostral
foi retirada para evitar a interferéncia das formigas desse estrato no
registro da fauna que forrageia abaixo da superficie do solo. Em
cada buraco foi colocado um conjunto de trés frascos perfurados,
contendo as diferentes iscas; cada buraco foi vistoriado ¢ limpo antes
de receberem as armadilhas.

Cada conjunto de frascos foi coberto por algodao hidréfobo e por
plastico escuro resistente; ndo houve recolocagdo da terra retirada
(Figura 2). Apos 24 horas as armadilhas foram retiradas, separadas
por ponto de coleta e por isca e colocadas em sacos plasticos
devidamente etiquetados. Este procedimento foi repetido em todas
as expedigdes de coleta.

O material foi inicialmente separado em subfamilias de acordo
com a proposta de Bolton (2003), identificado em nivel de géneros
e nomeado de acordo com Bolton et al. (2006); exceto para o grupo
de géneros de Prenolepis que segue a classificacdo de LaPolla et al.
(2010). Em seguida, o material foi separado em morfoespécies por
meio da comparagdo com os espécimes da colegdo de Formicidae
do Alto Tieté (Universidade de Mogi das Cruzes). Os codigos para
as morfoespécies seguem a referida colegdo. As espécies foram
identificadas por comparagido com exemplares depositados no Museu
de Zoologia da Universidade de Sao Paulo (MZUSP) e com literatura
pertinente. Os vouchers foram depositados na Universidade de Mogi
das Cruzes (SP) e MZUSP.

3. Andlise de dados

Todas as espécies atraidas as iscas foram incluidas nas analises e,
portanto, classificadas como espécies que empregam forrageamento
subterraneo, exclusiva ou alternativamente. Matrizes de presenga ou
auséncia foram construidas. A presenca de uma espécie foi codificada
como um ¢ a auséncia como zero. Cada ponto de coleta (n = 20),
independentemente do tipo de isca, foi considerado uma unidade
amostral (isto €, os dados das trés iscas atrativas foram somados).
Usamos o teste de Kruskal-Wallis para avaliar se hd diferencas de
riqueza entre os meses de coleta e a riqueza observada em cada
ponto amostral.

Para avaliar se existe variagdo na composicdo de espécies ao
longo do ano, os dados foram divididos em dois subconjuntos: grupo
1 (meses de maio, julho e setembro) e grupo 2 (meses de novembro,
janeiro e marco). Os grupos usados representam as épocas de baixa
e alta pluviosidade, respectivamente (Minuzzi et al. 2007). Em
seguida, para comparar a composi¢do de espécies entre 0s grupos,
usamos uma analise de ordenagdo (non-metric-multidimensional-
scaling — NMDS; Oksanen et al. 2007). Finalmente, testamos
diferengas de composi¢do com um teste de similaridade (ANOSIM,;
Clarke 1993).

Resultados

Foram registradas 42 espécies, pertencentes a 16 géneros e sete
subfamilias. Myrmicinae representou 73% das espécies coletadas,
seguida por Formicinae com 7%. Cerapachyinae foi representada
por uma espécie (Tabela 1). Pheidole foi o género mais rico, com
39,5% das espécies; as espécies mais frequentes visitando iscas
foram: Pheidole sp.28, Linepithema neotropicum Wild, Carebara
sp.1 e Solenopsis sp.4. A maioria das espécies registradas pertence
a taxons generalistas; apenas Acanthostichus quadratus Emery ,
Labidus coecus (Latreille) e L. praedator (Fr. Smith) sdo espécies
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Figura 1. Localizagdo do Parque das Neblinas na Serra do Mar (A) e Parque Natural Municipal Francisco Affonso de Mello na Serra do Itapeti (B).

Figure 1. Location of the Parque das Neblinas in the ‘Serra do Mar’ (PN), and the Parque Natural Municipal Francisco Affonso de Mello in the ‘Serra do
Itapeti’ (PNMFAM).
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Figura 2. Representagdo esquematica do método usado para a coleta de formigas que forrageiam abaixo da superficie do solo de Mata Atlantica.

Figure 2. Schematic representation of the method used to collect ants that forage below the soil surface of the Atlantic Forest.

reconhecidamente criptobioticas (Tabela 1). Nao houve diferenca
significativa no nimero de espécies de acordo com os meses de
coleta (Kruskal-Wallis = 2,99; df = 5; p = 0,70). A ordenag@o dos
dados sugere que as comunidades de formigas subterraneas nio
foram influenciadas pela época do ano (Figura 3), corroborado pelo
ANOSIM (R=-0,01; p = 0,65). O protocolo de coletas possibilitou o
registro de uma nova espécie do género Megalomyrmex e de grande
série de operarias de 4. quadratus.

Discussao

Os resultados aqui apresentados indicam que a maioria das
espécies registradas com a técnica de coleta descrita ndo sdo
criptobiodticas. Além disso, as espécies fazem parte das comunidades
de formigas de serapilheira dos mesmos fragmentos de Floresta
Ombrofila Densa, conforme relatos de Suguituru et al. (2011) e
Morini et al. (2012).

Todos os trabalhos realizados sugerem que a composi¢ao da fauna
que forrageia abaixo da superficie do solo ¢ diferente da epigéica e
arboricola (Wilkie et al. 2007, Schmidt & Diehl 2008, Schmidt &
Solar 2010). Frequentemente espécies ndo descritas sdo reveladas
(Andersen & Brault 2010: Pseudolasius sp. n; presente estudo:
Megalomyrmex sp. n.); e/ou espécies consideradas raras em colegoes
sdo registradas, como ¢ o caso do género Acanthostichus que engloba
formigas cerapaquineas relativamente pouco representadas em
colegdes taxondmicas, (4. quadratus presente estudo), 4. laticornis
Forel em Schmidt & Solar 2010; Pacheco & Vasconcelos 2012:
A. kirbyi Emery e Acanthostichus sp. nr. brevicornis); ou ainda
espécies ndo registradas com técnicas convencionais (Pacheco &
Vasconcelos 2012: Neivamyrmex punctaticeps (Emery) e L. mars
(Forel). O uso do termo raro deve, no entanto, ser empregado com
cuidado, pois, em geral, a raridade esta relacionada ao uso de técnicas
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inadequadas e/ou a amostragem insuficiente de microhabitats, no
tempo e no espago (Delabie & Reis 2000, Longino et al. 2002,
Morini et al. 2004, Brandao et al. 2008). Neste trabalho, a coleta de
séries relativamente grandes de 4. quadratus suporta essa conclusao.

O registro de espécies ainda ndo descritas, novos registros ou de
tdxons com poucos exemplares nas colegdes, tem sido apontado como
um forte argumento para (1) o desenvolvimento de técnicas de coleta
da fauna que forrageia abaixo da superficie do solo (Wilkie et al. 2007,
Andersen & Brault 2010, Schmidt & Solar 2010) e (2) considerar
esta fauna como uma nova e importante fronteira em inventarios
de biodiversidade (Pacheco & Vasconcelos 2012). Por outro lado,
o registro de espécies de géneros considerados comuns em outros
estratos das florestas como Pheidole, Linepithema, Solenopsis e
Brachymyrmex (veja também Lubertazzi & Tschinkel 2003) pode
ser outro argumento igualmente relevante, pois tem implicagdes
importantes para a descrigdo do espaco morfologico (Silva & Brandao
2010), taxonomia e divisao de nicho em assembleia de formigas.

Nosso desenho amostral ndo permite separar espécies
verdadeiramente subterraneas daquelas que nidificam dentro do
solo (além das camadas superficiais) e forrageiam na superficie
(possivelmente dentro do solo também). L. neotropicum é generalista,
muito frequente na serapilheira (Suguituru et al. 2011, Morini et al.
2012) e nidifica no solo (Wild 2007). Isto pode explicar porque
esta espécie tem alta frequéncia de visitagdo a iscas subterraneas,
especialmente se os ninhos sdo profundos.

Em relagdo a lista aqui apresentada, destacamos a alta
frequéncia de Carebara, taxon com biologia pouco conhecida
(Brown 2000, Branddo et al. 2009). Atualmente sabe-se que este
¢ um género criptobidtico (Andersen & Brault 2010), incluindo
espécies predadoras de tamanho muito pequeno, com escapo e
mandibulas curtos associados a olhos vestigiais (Brandao et al.
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Tabela 1. Numero de ocorréncia de taxons que forrageiam abaixo da superficie do solo de Mata Atlantica, de acordo com os meses do ano.

Table 1. Occurrence number of taxa that forage below the soil surface of the Atlantic Forest, according to the months of the year.

Taxons Meses Total
Janeiro  Marco Maio Julho  Setembro Novembro

Cerapachyinae

*Acanthostichus quadratus Emery, 1895 - - 1 - - - 1
Dolichoderinae

Linepithema neotropicum Wild, 2007 7 9 8 10 8 8 50

Linepithema iniquum (Mayr, 1870) 1 1 - - - 1 2
Ecitoninae

*Labidus coecus (Latreille, 1802) 1 2 4 - 1 - 8

*Labidus praedator (Fr. Smith, 1858) - - - - 1 -
Ectatomminae

Gnamptogenys striatula (Mayr, 1884) 1 - - 1 1 1 4
Formicinae

Brachymyrmex pictus (Mayr, 1887) 1 - - 1 - - 2

Brachymyrmex heeri (Forel, 1895) - - - 1 - -

Nylanderia fulva (Mayr, 1862) - 1 2 - - - 3
Myrmicinae

—

Acromyrmex sp.1 - - 1 - - -

—

Acromyrmex rugosus rochai (Forel, 1904) - - - 1 - -

1
—

Acromyrmex crassispinus (Forel, 1909) - - - - 1
Carebara sp.1 8 8 8 8 8 8
Megalomyrmex iheringi (Forel, 1911) - - - 3

N
o

**Megalomyrmex sp. - - - - 1 -
Mpycetosoritis sp.1 1 - - - - -
Oxyepoecus myops Alburquerque & Brandao, 2009 - - 1 - - -
Octostruma rugifera Mayr, 1887 - - - 1

Pheidole megacephala (Fabricius, 1793) - - - 2 - -
Pheidole sp.7 2 2 2 1

Pheidole sp. 9 - - - 1

Pheidole sp.12 1 1 1 - - -
Pheidole sp.13 1 - - 1 1 1
Pheidole sp.16 - - - - - 1
Pheidole sp.18 1 1 1 1 1 4
Pheidole sp.19 - - - - 1 -
Pheidole sp.20 - - - 1 - -
Pheidole sp.21 - 1 1 - - -
Pheidole sp.22 - 1 1 - - -
Pheidole sp.24 - - - 1 - -
Pheidole sp.26 - 1

Pheidole sp.28 11 9 9 10 9 12
Pheidole sp.30 - - - - 1 -
Pheidole sp.33 - - 1 - - - 1
Pheidole sp.34
Pheidole sp.36
Solenopsis sp.1
Solenopsis saevissima (F. Smith, 1855) - -

—_— = NN = = O = R W = O N = e e e W

N
-3

~] - 1
N =

'
—_

' '

] ]
NN

10 6 6 41

28
7 6 7 43

Solenopsis wasmannii (Emery, 1884)
Solenopsis sp.4 8 10
Ponerinae

~
~
[V RV NN
w
~
(o)

Hypoponera sp.7 - - - 1 - -
Pachycondyla striata (Fr. Smith, 1858) - - - 2 1 2 5
Total de espécies 16 16 18 23 17 13

*- espécies criptobidticas; ** - espécie ndo descrita
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Figura 3. Escalonamento multidimensional ndo métrico (NMDS) comparando
as comunidades subterraneas de formigas de acordo com o periodo do ano.
(0): meses de maio, julho e setembro; (@) meses de novembro, janeiro e
margo. (Stress: 19,94).

Figure 3. Non-metric multidimensional scaling (NMDS) comparing
underground communities of ants according to year period. (0): May, July
and September; (o) November, January and March. (Stress: 19.94).

2009). Em adigdo, registramos com baixa frequéncia os géneros
Octostruma, Hypoponera e Oxyepoecus. Os dois primeiros taxons
ja haviam sido coletados em condi¢des similares por Silva &
Silvestre (2004), sugerindo que algumas de suas espécies podem
nidificar subterraneamente. Oxyepoecus € coletado primariamente
em serapilheira (Brandao et al. 2009), mas nossos dados indicam que
algumas espécies podem nidificar ou forragear abaixo da superficie
do solo. Destacamos a presenga de Acromyrmex rugosus rochai
(Forel) registrada apenas entre 1989 e 1990 no Estado de Sao Paulo
(Forti et al. 2006).

Neste estudo, realizado ao longo de um ano, ndo detectamos
alteracdes na riqueza e composicao da fauna entre os meses de maior
ou menor precipitagdo pluviométrica. Entretanto, populagdes de
insetos (Leksono et al. 2005), incluindo formigas epigéicas (Kaspari
& Valone 2002), comumente respondem a variagdes sazonais.
Determinar a relagdo entre condigdes abidticas, recursos e estrutura
da fauna subterranea sera fundamental para compreender melhor
os determinantes das espécies que vivem exclusivamente dentro
do solo. Nossos dados, com informagdo temporal, sugerem baixa
riqueza de espécies subterrdneas visitando iscas em duas areas de
Floresta Atlantica.

Os fatores que determinam a riqueza, a composi¢do ou as
sindromes comportamentais da fauna de formigas que forrageia
abaixo da superficie do solo ainda sdo pouco conhecidos; porém,
sdao importantes para resolver questdes ecologicas (Wilkie et al.
2007) e evolutivas (Rabeling et al. 2008). O estudo dessa fauna pode
também contribuir para descrever a distribuicao espacial dos ninhos
e forrageamento das espécies, na interface superficie/serapilheira/
camadas superficiais do solo.

Nossos resultados expandem o conhecimento atual sobre a
fauna que forrageia abaixo da superficie do solo de Mata Atlantica
e sugerem que a maioria das espécies faz parte das comunidades de
formigas registradas na serapilheira. Esta fauna possui habilidade de

http://www.biotaneotropica.org.br/v13n1/pt/abstract?article+bn01413012013

buscar recursos em ambos os estratos, o que favorece a ocupagao de
outros microhébitats e a manutencao da diversidade de formigas que
forrageiam na serapilheira das florestas tropicais.
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Abstract: The lower Purus River Basin, Central Amazonia — Brazil, represents an area of prominent interest for
conservation of amphibians and reptiles. However, there is little available information about these groups for
flooded and nonflooded forests, the major landscapes in this region. We sampled a representative area over two
periods: 2004-2005 and 2009-2010. We used efficient and complementary techniques for sampling the herpetofauna
in rainforests: time constrained audio-visual search (TAVS), pitfall traps with drift fence (PFDF) and double-
ended funnel traps with drift fence (FTDF). We recorded a total of 160 species, including 75 amphibians (73 frogs
and two caecilians) and 85 reptiles (34 lizards and 51 snakes). The occurrence of the anuran Dendropsophus
allenorum represents the first record for Brazil. Comparing the efficiency of the sampling methods, the TAVS
was the best method in sampling efficiency for the majority of the herpetofauna species; followed by the PFDF,
efficient in sampling terrestrial frogs and litter lizards in the nonflooded forests. We did not use the PFDF in the
flooded forests because the soil was water saturated. Despite its low efficiency in sampling terrestrial frogs and
litter lizards, the FTDF, was efficient in snake capture and easily adaptable to the saturated soil in flooded forests.
The greatest richness of species and groups was found in the nonflooded forests. Families of fossorial and litter
species were mostly absent from the flooded forests. However, in the flooded forests we found a large number
of arboreal frogs (Hylidae) and of larger heliothermic lizards (Teiidae). When we evaluated each sample period
separately, we found a similar richness of the herpetofauna between the different types of forest landscapes, with
a bias towards higher diversity in the nonflooded forests. In spite of similar species numbers, the nonflooded and
flooded forests had different species assemblages. The total amphibian and Squamata reptilian diversity between
the nonflooded and flooded forests (beta-f diversity), sites with more widespread landscapes, possibly represents
the major contribution to the regional herpetofauna diversity in the lower Purus River Basin (Gama-y diversity).
Keywords: Brazilian Amazon, flooded and nonflooded forests, species distribution, herpetofauna.
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Resumo: A regido do baixo rio Purus na Amazonia Central — Brasil representa uma area de relevante interesse
para conservacdo de anfibios e répteis. No entanto, ha pouca informacdo disponivel sobre estes grupos
taxondmicos para areas de florestas de terra firme e florestas de varzea, principais paisagens nesta regido. Nesse
estudo, realizamos uma amostragem ampla em esforgo e area, em dois periodos: 2004-2005 e 2009-2010.
Utilizamos técnicas complementares eficientes na amostragem da herpetofauna em florestas tropicais: procura
ativa limitada por tempo (PLT), armadilhas de interceptacao e queda (AIQ) e armadilhas de interceptagdo com
funis duplos (AIF). Foram registradas 160 espécies, sendo 75 de anfibios (73 anuros e dois gimnofionos) ¢ 85 de
répteis (34 lagartos e 51 serpentes). O registro do anuro Dendropsophus allenorum foi o primeiro para o Brasil.
Comparando a eficiéncia dos métodos de coleta, a busca ativa por coletores capacitados (PLT) foi o método mais
eficaz na amostragem da herpetofauna; seguido das AIQ, eficientes na captag@o de anuros terricolas e lagartos de
serrapilheira nas florestas de terra firme. Nao utilizamos AIQ nas areas de varzea por estas terem solos hidricamente
saturados. As AIF, apesar de menos eficientes na amostragem de anuros e lagartos, foram eficazes na captura
serpentes ¢ facilmente adaptaveis aos solos hidromorficos das varzeas. Uma maior riqueza de espécies e familias
foi encontrada nas florestas de terra firme. As florestas de varzea tiveram uma marcante auséncia de familias
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fossoriais e de serrapilheira. No entanto, nas florestas de varzea encontramos um maior niimero de espécies de
anuros arboricolas (Hylidae) e de lagartos heliotérmicos maiores (Teiidae). Entretanto, avaliando separadamente
cada periodo de amostragem, a riqueza de espécies da herpetofauna torna-se similar entre os diferentes tipos de
paisagens florestais, tendendo ser maior nas florestas de terra firme. Apesar de similares em niimero espécies, as
florestas de terra firme e de varzea foram diferentes quanto ao conjunto das espécies. A diversidade complementar
de anfibios e répteis Squamata entre florestas de terra firme e de varzea (diversidade beta-3), paisagens de maior
abrangéncia local, possivelmente representa a maior contribuicdo para a diversidade regional da herpetofauna

no baixo rio Purus (diversidade Gama-v).

Palavras-chave: Amazonia brasileira, florestas inundaveis e ndo-inundaveis, distribuicdo de espécies,

herpetofauna.

Introducdo

Diversas areas de relevante interesse para conservagao de anfibios
e répteis foram identificadas na Amazonia brasileira (Azevedo-Ramos
& Galatti 2001, Brasil 2001, Vogt et al. 2001). Muitas destas areas
de interesse, como a bacia de drenagem do rio Purus, representam
lacunas no conhecimento da diversidade destes grupos taxondmicos
na regido amazonica (Avila-Pires 1995, Azevedo-Ramos & Gallati
2001, Brasil 2001, Vogt et al. 2001).

Os estudos pioneiros com anfibios na regido do rio Purus foram
desenvolvidos por Heyer (1976) que considerou a regido em uma
analise zoogeografica dos anfibios anuros no Bioma Amazénico. O
mesmo autor também publicou uma lista descrevendo as espécies de
anuros encontradas durante uma expedi¢ao onde percorreu o rio Purus
desde o estado do Acre até a foz no rio Solimdes, estado do Amazonas
(Heyer 1977). Posteriormente, poucos estudos inventariaram a
diversidade de anfibios e répteis Squamata nas regides do médio
Purus (Avila-Pires et al. 2009, Franca & Venancio 2010) e do alto
rio Purus no Peru (Rodriguez 2003).

O recente processo de implantagdo de novas unidades de
conservagdo no baixo Purus tem aumentado o conhecimento sobre
a diversidade de anfibios e répteis Squamata na regido (Gordo 2003,
Waldez & Vogt 2007, 2009, 2011, Instituto... 2010), principalmente,
a partir da criagdo da Reserva de Desenvolvimento Sustentavel
Piagacu-Purus (RDS-PP) (Figura 1) em uma area contigua a Reserva
Biologica do Abufari (REBIO Abufari) (Albernaz & Venticinque
2003). AREBIO Abufari é considerada uma area de alta importancia
para a conservagdo de anfibios e répteis na Amazénia (Azevedo-
Ramos & Gallati 2001, Brasil 2001, Vogt et al. 2001).

A porcéo baixa da bacia do rio Purus apresenta uma paisagem
formada por um mosaico de areas de florestas ndo-inundaveis de terra
firme e de florestas sazonalmente inundaveis (Haugaasen & Peres
2006). As florestas de terra firme correspondem as areas localizadas
acima do nivel maximo de inundacéo dos rios, compondo a maior
parte das paisagens florestais da Amazonia com cerca de 80% da
area da bacia (Hess et al. 2003). As florestas inundaveis ocorrem nas
planicies de sedimentagdo dos rios sendo sazonalmente submetidas
a um pulso de inundag&o regular (Junk et al. 1989), alternando entre
uma fase aquatica e uma fase terrestre (Junk 1997). As florestas de
vérzea encontram-se associadas aos rios de alta fertilidade e ricos em
sedimentos em suspenséo (Junk 1997), correspondendo ao segundo
maior tipo de paisagem florestal da Amazonia com cerca de 2,6% da
area da bacia (Hess et al. 2003).

Varios estudos tém acessado a diversidade da herpetofauna
Amazonica principalmente em areas de florestas ndo-inundaveis de
terra firme (e.g. Rodriguez & Duellman 1994, Martins & Oliveira
1998, Duellman 2005, Bernarde & Abe 2006, Vogt et al. 2007,
Limaetal. 2008, Vitt et al. 2008, Avila-Pires et al. 2009, 2010, Souza
2009, Bernarde et al. 2011). No entanto, poucos trabalhos realizaram
analises comparativas entre a diversidade da herpetofauna associada
as florestas sazonalmente alagaveis e as florestas de terra firme na
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Amazonia (ver Crump 1971, Gascon 1996, Gascon et al. 2000, Doan
& Arizabal 2002, Gordo 2003, Neckel-Oliveira & Gordo 2004).

A bacia de drenagem do rio Purus apresenta bom estado de
conservagdo com cobertura de floresta primaria correspondendo
a maior parte da area total (Martins Junior & Waichman 2009).
Entretanto, recentes modelos de desflorestamento futuro na Amazonia
prevéem um aumento na perda de cobertura vegetal para regido da
RDS-PP, relacionado a reativagao da rodovia BR-319 (Manaus - Porto
Velho) que percorre o interflivio entre os rios Madeira e Purus
(Soares-Filho et al. 2006, Fearnside et al. 2009).

Avaliar comunidades biologicas na regido do baixo rio
Purus torna-se estratégico para determinar futuros impactos na
biodiversidade decorrentes de mudancgas na cobertura vegetal.
Anfibios e répteis Squamata sdo componentes importantes da
biomassa e da diversidade de vertebrados em florestas tropicais (€.9.
Duellman 1990, Allmon 1991). Ainda, comunidades de anfibios e
pequenos répteis em areas de floresta amazonica apresentam rapida
resposta as alteragdes na cobertura florestal (e.g. Tocher et al. 1997,
Gardner et al. 2007, Bernarde & Macedo 2008, Souza et al. 2008),
mesmo as alteragdes discretas como no corte florestal seletivo
(Vitt et al. 1998).

Visto o parco conhecimento sobre a herpetofauna no baixo rio
Purus, o objetivo deste estudo foi inventariar a fauna de anfibios
e répteis Squamata que ocorre associada as florestas na regido.
Mais especificamente, realizamos uma amostragem ampla em area,
utilizando técnicas complementares de coleta da herpetofauna, para
comparar a diversidade de espécies associadas as florestas nao-
inundaveis de terra firme e as florestas sazonalmente inundaveis
de varzea. Também comparamos a eficiéncia dos métodos de
amostragem empregados para acessar a riqueza da herpetofauna
nestes dois tipos de florestas.

Material e Métodos

1. Areadeestudo

As amostragens foram conduzidas na Reserva de Desenvolvimento
Sustentavel Piagacu-Purus (RDS-PP, entre 4° 03’-5° 25" S e 61° 40°-
63° 30" W, datum WGS 84) e entorno, regido do baixo rio Purus,
Amazonia Central, estado do Amazonas — Brasil (Figura 1). Com
uma area de 834.245 ha, a RDS-PP abrange um mosaico de grandes
paisagens continuas de florestas de terra firme e florestas inundaveis
de varzea e igapd, em ambos interfliivios do rio Purus (Instituto...
2010). O relevo da RDS-PP ¢ homogéneo com altitudes menores
que 100 m a.n.m. (Albernaz & Venticinque 2003). O clima na regido
¢ Equatorial com sub-seca (Af — classificagio Koppen-Geiger) e
médias mensais de temperatura acima de 18 °C e precipitagdo anual
de 2000 a 2600 mm (Instituto... 2002). De acordo com Silva et al.
(2008), a pluviosidade varia sazonalmente, normalmente com a
estacdo chuvosa distribuida entre novembro ¢ margo, quando ocorre
a alagagdo da planicie de inundag@o do rio (cheia); ¢ a estagdo
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Figura 1. Localizacéo da area de estudos, RDS Piagagu-Purus, e dos pontos de amostragem, no mosaico regional de areas protegidas da regido do baixo rio
Purus na Amazonia Central, Brasil. As imagens de satélite Landsat numeradas de acordo com as sub-regides indicadas no mapa (figura superior esquerda)
mostram as 65 localidades avaliadas, diferenciadas por estratégias de amostragem e por tipo de habitat florestal.

Figure 1. Geographical location of the study area, Piagagu-Purus Reserve, and sampling plots, in the regional mosaic of protected areas from the lower Purus
River Basin, Central Amazonia, Brazil. The Landsat satellite images were numbered according to the sub-regions indicated in the map (upper left figure) and
indicate the 65 localities evaluated and differentiated by the sampling strategies and types of forest habitats.
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de estiagem distribuida entre maio e setembro, quando ocorre a
drenagem da planicie de inundacéo do rio (seca), com abril e outubro
correspondendo a periodos de transicdo entre estacdes. O nivel de
agua no baixo rio Purus pode variar até 12 m entre estacdes, sendo
influenciado tanto pela quantidade de chuvas, quanto por flutuagdes
do médio rio Solimdes (Goulding et al. 2003).

As areas estudadas corresponderam as paisagens de florestas
de terra firme e de varzea (Figura 2a, b). As florestas de terra firme
ocupam 50% da area da RDS-PP e ocorrem nas maiores altitudes (>40
m a.n.m.), acima da planicie de inundag&o do rio (Instituto... 2010).
Estas florestas tém sub-bosque denso e alta diversidade de arvores,
com Lecythidaceae e Chrysobalanaceae como principais familias
arbdreas (Haugaasen & Peres 2006). Nesta regido sdo encontradas
manchas de floresta denominadas castanhais, com altas densidades
de arvores de castanha-da-Amazonia (Bertholletia excelsa Humboldt
& Bonpland - Lecythidaceae) e tradicionalmente utilizadas pelas
populagdes locais como fontes de sementes comestiveis (Instituto...
2010, Haugaasen & Peres 2006).

As florestas de varzea ocupam 45% da area da RDS-PP e
ocorrem em altitudes menores que 40 m a.n.m. sendo sazonalmente

alagado com a inundagdo da planicie pelo rio Purus (Instituto...
2010). Estas florestas possuem sub-boque mais aberto ¢ menor
diversidade relativa de arvores, com Euphorbiaceae e leguminosas
(Caesalpiniaceae, Fabaceae e Mimosaceae) como principais familias
arbéreas (Haugaasen & Peres 2006).

2. Estratégias de amostragem

O estudo da herpetofauna nestas paisagens foi realizado em dois
diferentes periodos, ambos com distintas estratégias de amostragem.
O primeiro periodo ocorreu no final de seca do rio de 2004 (outubro
a dezembro — 60 dias) e durante o maximo de cheia do rio de 2005
(fevereiro a maio — 60 dias). Neste periodo, a amostragem foi
conduzida na cabeceira do Lago Ayapua, com cinco transectos de
1 km dispostos perpendicularmente aos corpos d’agua (Figura 1,
Quadro 5). Cada trilha atravessou uma area maior de floresta de terra
firme e uma curta faixa de floresta de varzea (<100 m) entre o corpo
d’agua e o inicio da floresta ndo-inundavel.

Em cada um dos transectos foram instaladas armadilhas de
interceptagdo e queda — AIQ (pitfall traps with drift fence) (Cechin
& Martins 2000) dispostas em linha, com cada conjunto composto

Figura 2. Florestas de terra firme (a) e florestas de varzea (b) na regido do baixo rio Purus, Amazonia Central — Brasil. Estas paisagens foram pesquisadas quanto
a diversidade de anfibios e répteis Squamata com o uso de armadilhas de interceptacao e queda com funis duplos em linhas (c) e armadilhas de interceptagio
com funis duplosem Y (d, e, f).

Figure 2. The terra firme nonflooded forests (a) and the varzea flooded forests (b) from the lower Purus River Basin, Central Amazonia, Brazil. These landscapes
were searched for the diversity of amphibians and Squamata reptiles, and we used technical sampling of lines of pitfall traps with drift fence interpolated with
double-ended funnel traps (c) and Y-lines of double-ended funnel traps with drift fence (d, e, ).
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por 10 baldes de 60 L ligados por 10 m de cerca plastica com
1 m de altura enterrada no solo (esfor¢o de AIQ= 144.000 horas
com 50 baldes) (Figura 2c). Funis duplos (double-ended funnel
traps) (Greenberg et al. 1994) foram adicionados aos conjuntos de
AIQ. Essas armadilhas de interceptagdo com funis duplos — AIF
utilizaram funis com aberturas circulares de 5 cm de didmetro e 1m
de comprimento, dispostos entre os baldes nos dois lados da cerca.
Um total de 18 funis foi adicionado a cada conjunto de AIQ (esforgo
de AIF =259.200 horas com 90 funis) (Figura 2c, e, f). Nestas trilhas
dois observadores registraram espécies ativamente em periodos
diurno e noturno (procura limitada por tempo — PLT = 252.6 horas)
por meio de encontro visual (Crump & Scott 1994).

O segundo periodo de amostragem ocorreu durante a cheia do
rio em 2009 (maio a julho — 60 dias) e em 2010 (fevereiro — 20 dias,
maio a julho — 60 dias), e durante a seca do rio em 2009 (outubro
a dezembro — 60 dias) e em 2010 (outubro a dezembro — 60 dias).
Neste segundo periodo, as espécies foram amostradas em 60 parcelas
distribuidas em florestas de terra firme (32 parcelas) e florestas de
varzeas (28 parcelas) que abrangeram paisagens nos dois interflivios
do baixo rio Purus (Figura 1, quadros 1, 2, 3 ¢ 4). Em cada uma
dessas localidades, foram instaladas parcelas de tamanho 10 x 250 m
(0,25 ha). Outros estudos com herpetofauna na Amaz6nia brasileira
tém utilizado parcelas de tamanhos similares (Menin et al. 2007, 2008,
2011, Rojas-Ahumada & Menin 2010, Fraga et al. 2011).

Nestas parcelas, as espécies foram buscadas ativamente por um
minimo de dois e um méximo de quatro pessoas. Cada observador
registrou as espécies distanciando-se até 5 m do centro da parcela.
Cada parcela foi amostrada duas vezes em periodo diurno e duas vezes
em periodo noturno, com um intervalo maximo de oito dias entre cada
amostragem (procura limitada por tempo — PLT = 850,9 horas). Nestas
ocasides, as parcelas foram lentamente percorridas e as espécies
procuradas no chdo e na vegetagdo, sendo registradas por encontro
visual (Crump & Scott 1994) e por amostragem auditiva (Zimmerman
1994). Em cada parcela também foram instaladas armadilhas de
interceptacdo com funis duplos — AIF (double-ended funnel traps
with drift fence) (Greenberg et al. 1994), contendo seis funis duplos
ligados por uma cerca plastica guia em forma de Y, cada brago com
6 m de comprimento, 1 m de altura e enterrado no solo (esforgo de
AIF = 38.304 horas) (Figura 2d, e, f).

Para maximizar a independéncia de amostragem entre as
localidades estudadas, todas as unidades amostrais (transectos e
parcelas) foram distribuidas com uma distancia minima de 1 km
entre as mesmas. O primeiro autor participou de todas as coletas e as
espécies observadas fora das unidades amostrais foram contabilizadas
como registros ocasionais. Espécimes testemunhos foram coletados
(licengas de coleta IBAMA 02005.001919/0098 & 20059-1) e
depositados na colecéo de Anfibios e Répteis do Instituto Nacional
de Pesquisas da Amazonia (INPA) em Manaus, Amazonas - Brasil.

3. Andlise de dados

A riqueza de anfibios, lagartos e serpentes foi avaliada
graficamente e por meio de curvas de rarefagdo, construidas por
localidade amostrada e agrupando os dados para cada tipo de floresta.
Essas curvas consideraram o nimero total de individuos em intervalos
de confianca de 95%, a fim de padronizar o efeito dos diferentes
métodos de coleta e estratégias de amostragem (Gotelli & Colwell
2001, Colwell 2004), utilizados em cada tipo de habitat nos dois
periodos de estudo.

As curvas de rarefagdo foram graficamente comparadas com
curvas de estimativa da riqueza local para cada grupo (sapos, lagartos
e serpentes), também construidas por localidade e agrupando dados
para cada tipo de floresta. Estas curvas de estimativa de riqueza
representaram o valor médio obtido a partir de estimativas calculadas
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utilizando os quatro estimadores de riqueza baseados em abundancia
mais correntemente empregados (ACE, Chao 1, Jack 1 e Bootstrap)
(ver Colwell 2004). O uso da média desses estimadores de riqueza
minimiza variacGes no desempenho particular de estimadores,
normalmente relacionadas as diferencas em diversidade, amostragem
e equitabilidade das comunidades (O’Hara 2005). Todas as curvas
de rarefac@o e de estimativa da riqueza local foram obtidas com o
programa EstimateS v.7 (Colwell 2004), para tanto ndo contabilizamos
0s registros eventuais das espécies.

Resultados

Um total de 160 espécies e 5.561 individuos foi registrado neste
estudo, entre os quais, espécies de anfibios (Figura 3) e de répteis
Squamata (Figura 4) pouco conhecidas para a regido do baixo rio
Purus. Deste total de espécies, 75 taxa foram anfibios representados
por 11 familias de anuros e duas familias de gimnofionas (Tabela 1);
e 85 taxa foram répteis Squamata representados por nove familias de
lagartos e oito familias de serpentes (Tabela 2).

A diversidade observada neste estudo foi proxima da riqueza local
estimada para anfibios e lagartos, tanto nas florestas de varzea quanto
nas florestas de terra firme, mas abaixo da riqueza local esperada para
serpentes em ambos os tipos de florestas (Figura 5).

Para todas as taxocenoses avaliadas foi observada maior riqueza
de espécies nas florestas de terra firme que nas florestas de varzea:
anfibios (60/43 spp.), lagartos (31/19 spp.) e serpentes (41/27 spp.)
(Figura 6). No entanto, as florestas de varzea abrigaram maior
riqueza de lagartos heliotérmicos de maior porte (Teiidae) e de sapos
arboricolas (Hylidae).

No geral, um maior esforgo de amostragem foi empregado nas
florestas de terra firme que nas florestas de varzea (ver Estratégias
de amostragem). Este desbalanco em esforco foi evidenciado pelo
maior nimero de espécimes encontrados nas florestas de terra firme,
mais que o triplo dos registros feitos nas florestas de varzea: anfibios
(2566/763 espécimes), lagartos (1536/450 espécimes) e serpentes
(116/36 espécimes).

No entanto, quando comparamos a riqueza das taxocenoses
avaliadas nos ambientes, entre os diferentes periodos de amostragem,
um nimero de espécies mais similar foi evidenciado entre os tipos
de paisagens florestais, para os periodos que empregaram esfor¢o
de coleta e estratégias de amostragem mais similares (Tabela 3).
Também, foram expostas as varia¢des de eficiéncia para cada método
de amostragem empregado (ver Tabela 3). A busca ativa limitada
por tempo (PLT) foi o0 método que no geral representou uma maior
riqueza de espécies para todas as taxocenoses avaliadas nos dois
tipos de florestas. Seguida das armadilhas de interceptagdo e queda
(AIQ), que representaram uma maior riqueza de sapos terricolas e
principalmente de lagartos de serrapilheira nas florestas de terra firme.
Finalmente, das armadilhas de interceptacdo com funis de dupla
entrada (AIF), ineficientes na captura dos taxa melhores amostrados
pelas AIQ, mas com melhor desempenho na amostragem da riqueza
de serpentes terricolas.

Discusséo

Ariqueza de espécies de anfibios e répteis Squamata na regido do
baixo rio Purus foi similar a diversidade encontrada em outras areas
de floresta na planicie Amazonica (e.g. Rodriguez & Duellman 1994,
Martins & Oliveira 1998, Donnelly et al. 2005, Duellman 1999, 2005,
Bernarde & Abe 2006, Vogt et al. 2007, Avila-Pires et al. 2009, 2010,
Lima et al. 2008, Vitt et al. 2008), em particular, com localidades na

mesma area de endemismo (ver Rodriguez 2003, Souza 2009, Franga
& Venancio 2010, Instituto... 2010, Bernarde et al. 2011).

http://www.biotaneotropica.org.br/v13n1/pt/abstract?inventory+bn03113012013



Biota Neotrop., vol. 13, no. 1 305

Herpetofauna do baixo Rio Purus, Amazonas, Brasil

: ¢ Al La e d ¥ il = i
Figura 3. Espécies de anfibios observadas na regido do baixo rio Purus, Amazonia Central, Brasil: a) Hypsiboas fasciatus; b) Scarthyla goinorum; c)
Dendropsophus allenorum; d) Trachycephalus typhonius; e) Hypsiboas lanciformis; f) Hypsiboas wavrini; g) Ranitomeya ventrimaculata; h) Ameerega hahneli;
i) Hydrolaetare schmidti; j) Dendropsophus koechlini; k) Leptodactylus macrosternum; 1) Scinax pedromedinae; m) Osteocephalus cf. buckleyi; n) Ceratophrys
cornuta; o) Scinax boesemani; p) Hypsiboas geographicus; q) Oscaecilia aff. bassleri; r) Pristimantis conspicillatus; s) Ameerega trivittata; t) Allobates sp.2; u)
Hamptophryne boliviana; v) Hypsiboas punctatus; w) Phyzelaphryne miriamae; x) Chiasmocleis avilapiresae; y) Leptodactylus pentadactylus; z) Leptodactylus
mystaceus e A) Osteocephalus planiceps (Fotos - F. Waldez).

Figure 3. Species of amphibians observed in the lower Purus River Basin, Central Amazonia, Brazil: a) Hypsiboas fasciatus; b) Scarthyla goinorum; c)
Dendropsophus allenorum; d) Trachycephalus typhonius; e) Hypsiboas lanciformis; f) Hypsiboas wavrini; g) Ranitomeya ventrimaculata; h) Ameerega hahneli;
i) Hydrolaetare schmidti; j) Dendropsophus koechlini; k) Leptodactylus macrosternum; 1) Scinax pedromedinae; m) Osteocephalus cf. buckleyi; n) Ceratophrys
cornuta; o) Scinax boesemani; p) Hypsiboas geographicus; q) Oscaecilia aff. bassleri; r) Pristimantis conspicillatus; s) Ameerega trivittata; t) Allobates sp.2; u)
Hamptophryne boliviana; v) Hypsiboas punctatus; w) Phyzelaphryne miriamae; x) Chiasmocleis avilapiresae; y) Leptodactylus pentadactylus; z) Leptodactylus
mystaceus and A) Osteocephalus planiceps (Photos - F. Waldez).

Adiversidade de vertebrados na Amazonia tem sido relacionada
a ocorréncia de areas de endemismo (Silva et al. 2005) e padrdes de
distribuicdo coincidentes foram evidenciados para espécies de sapos
(Duellman 1999, Ron 2000) e lagartos (Avila-Pires 1995, Avila-
Pires et al. 2009). A bacia de drenagem do rio Purus localiza-se na
area de endemismo amazodnica denominada Inambari sensu Cracraft
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(1985). Esta regido biogeografica corresponde a planicie cisandina
delimitada desde a confluéncia dos rios Amazonas/Solimdes com o
rio Negro no Brasil, seguindo a oeste pela margem sul do Amazonas/
Solimdes através do Brasil e Peru e a leste pela margem oeste do
rio Madeira através do Brasil, Bolivia e Peru (ver Silva et al. 2005).
Uma anélise preliminar da herpetofauna do baixo rio Purus comparou
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Tabela 1. Espécies de anfibios encontradas na regido do baixo rio Purus, Amazonia Central, Brasil. O nimero de espécimes foi indicado por: tipo de ambiente
(floresta de terra firme e floresta de varzea), tipo de unidade amostral (parcela e transectos) e métodos de coleta (armadilha de interceptagdo com funis
duplos — AIF, armadilha de interceptagdo e queda— AIQ, procura limitada por tempo — PLT e registro ocasional).

Table 1. Species of amphibians found in the lower Purus River Basin, Central Amazonia, Brazil. The individual numbers are indicated by: type of forest habitat
(terra firmenonflooded forests and varzea flooded forests), sampling unit (plot and transect) and sampling method (time constrained audio-visual search - PLT,
pitfall traps with drift fence — AIQ, double-ended funnel traps with drift fence — AIF and occasional records).

Parcelas Parcelas terra  Transectos terra Registros
AMPHIBIA : LISSAMPHIBIA (75 spp.) Total varzea (N=28) firme (N =32) firme (N = 5) ocasionais
AIF  PLT AIF  PLT AlQ AIF PLT
Ordem ANURA (73 spp.) 3384 14 749 96 1249 561 148 511 57
Aromobatidae (3 spp.)
Allobates femoralis (Boulenger, 1884 “1883") 67 0 10 4 13 27 1 12 0
Allobates sp.1 8 0 0 0 8 0 0 0 0
Allobates sp.2 22 0 0 0 14 6 0 2 0
Bufonidae (4 spp.)
Amazophrynella aff.bokermanni (Izecksohn, 1994 <“1993") 2 0 0 0 2 0 0 0 0
Rhinella margaritifera (Laurenti, 1768) 318 1 4 14 152 58 21 68 0
Rhinella marina (Linnaeus, 1758) 98 5 23 0 52 9 1 8 0
Rhinella merianae Gallardo, 1965 36 0 0 0 1 0 0 20 15
Ceratophryidae (1 sp.)
Ceratophrys cornuta (Linnaeus, 1758) 1 0 0 0 0 1 0 0 0
Dendrobatidae (4 spp.)
Adelphobates quinquevittatus (Steindachner, 1864) 3 0 0 0 2 1 0 0 0
Ameerega hahneli (Boulenger, 1884 “1883”) 205 0 0 10 124 18 35 18 0
Ameerega trivittata (Spix, 1824) 37 0 0 0 14 9 0 14 0
Ranitomeya ventrimaculata (Shreve, 1935) 2 0 0 0 1 0 0 1 0
Eleutherodactylidae (1 sp.)
Phyzelaphryne miriamae Heyer, 1977 15 0 0 0 10 5 0 0 0
Hylidae (33 spp.)
Dendropsophus allenorum (Duellman and Trueb, 1989) 46 0 44 0 2 0 0 0 0
Dendropsophus brevifrons (Duellman & Crump, 1974) 2 0 2 0 0 0 0 0 0
Dendropsophus haraldschultzi (Bokermann, 1962) 2 0 1 0 0 0 0 0 1
Dendropsophus koechlini (Duellman & Trueb, 1989) 1 0 1 0 0 0 0 0 0
Dendropsophus leali (Bokermann, 1964) 41 0 20 0 0 0 0 21 0
Dendropsophus leucophyllatus (Beireis, 1783) 191 0 17 0 127 0 0 47 0
Dendropsophus rossalleni (Goin, 1959) 6 0 0 0 1 0 0 5 0
Dendropsophus triangulum (Giinther, 1869 “1868™) 3 0 1 0 0 0 0 0 2
Hypsiboas calcaratus (Troschel in Schomburgk, 1848) 25 0 12 0 4 0 0 9 0
Hypsiboas cinerascens (Spix, 1824) 2 0 1 0 1 0 0 0 0
Hypsiboas fasciatus (Giinther, 1859 “1858) 56 0 43 0 13 0 0 0 0
Hypsiboas geographicus (Spix, 1824) 37 0 31 0 1 0 0 5 0
Hypsiboas lanciformis (Cope, 1871) 12 0 4 0 6 0 0 2 0
Hypsiboas punctatus (Schneider, 1799) 4 0 3 0 1 0 0 0 0
Hypsiboas raniceps Cope, 1862 18 0 5 0 0 0 0 8 5
Hypsiboas wavrini (Parker, 1936) 71 0 22 0 12 0 0 37 0
Osteocephalus cf. buckleyi (Boulenger, 1882) 2 0 1 0 1 0 0 0 0
Osteocephalus cabrerai (Cochran & Goin, 1970) 1 0 0 0 1 0 0 0 0
Osteocephalus leprieurii (Duméril & Bibron, 1841) 4 0 0 0 4 0 0 0 0
Osteocephalus planiceps Cope, 1874 43 0 16 0 27 0 0 0 0
Osteocephalus taurinus Steindachner, 1862 153 0 58 0 50 0 0 45 0
Phyllomedusa vaillantii Boulenger, 1882 3 0 0 0 3 0 0 0 0
Pseudis limellum (Cope, 1862) 41 0 29 0 0 0 0 0 12
Scarthyla goinorum (Bokermann, 1962) 44 0 42 1 1 0 0 0 0
Scinax boesemani (Goin, 1966) 39 0 26 0 3 0 0 10 0
Scinax garbei (Miranda-Ribeiro, 1926) 109 0 47 0 37 0 0 25 0
Scinax nebulosus (Spix, 1824) 5 0 1 0 1 0 0 3 0
Scinax pedromedinae (Henle, 1991) 33 0 33 0 0 0 0 0 0
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Tabela 1. Continuagéo...
) Parcelas Parcelas terra  Transectos terra Registros
AMPHIBIA : LISSAMPHIBIA (75 spp.) Total varzea(N=28) firme (N =32) firme (N = 5) ocasionais
AlF PLT AlF PLT AIQ AIF PLT
Scinax ruber (Laurenti, 1768) 61 0 39 0 6 0 0 16 0
Sphaenorhynchus carneus (Cope, 1868) 2 0 0 0 0 0 0 0 2
Sphaenorhynchus lacteus (Daudin, 1800) 2 0 0 0 0 0 0 0 2
Trachycephalus resinifictrix (Goeldi, 1907) 127 0 55 0 43 0 0 28 1
Trachycephalus typhonius (Linnaeus, 1758) 23 0 16 0 0 0 0 7 0
Leiuperidae (1 sp.)
Engystomops freibergi (Donoso-Barros, 1969) 32 0 0 0 0 27 5 0 0
Leptodactylidae (11 spp.)
Hydrolaetare schmidti (Cochran & Goin, 1959) 2 0 0 0 2 0 0 0 0
Leptodactylus aff. andreae Muller, 1923 860 3 98 65 382 229 23 60 0
Leptodactylus fuscus (Schneider, 1799) 20 0 0 0 0 0 0 8 12
Leptodactylus knudseni Heyer, 1972 10 0 0 0 0 7 3 0 0
Leptodactylus lineatus (Schneider, 1799) 31 0 0 0 0 26 4 1 0
Leptodactylus macrosternum Miranda-Ribeiro, 1926 4 0 4 0 0 0 0 0 0
Leptodactylus mystaceus (Spix, 1824) 68 0 0 0 1 41 22 4 0
Leptodactylus pentadactylus (Laurenti, 1768) 95 0 16 0 56 6 9 8 0
Leptodactylus petersii (Steindachner, 1864) 110 5 20 2 41 29 5 8 0
Leptodactylus rhodomystax Boulenger, 1884 “1883” 15 0 0 0 1 4 7 2 1
Leptodactylus stenodema Jiménez de la Espada, 1875 9 0 0 1 6 1 0 0
Microhylidae (7 spp.)
Chiasmocleis avilapiresae Peloso & Sturaro, 2008 35 0 0 0 0 26 9 0 0
Chiasmocleis bassleri Dunn, 1949 27 0 0 0 3 13 2 9 0
Chiasmocleis hudsoni Parker, 1940 1 0 0 0 0 1 0 0 0
Ctenophryne geayi Mocquard, 1904 2 0 0 0 0 2 0 0 0
Hamptophryne boliviana (Parker, 1927) 2 0 0 0 0 2 0 0 0
Synapturanus aff. salseri Pyburn, 1975 16 0 3 0 13 0 0 0 0
Syncope aff. antenori Walker, 1973 1 0 0 0 0 1 0 0 0
Pipidae (2 spp.)
Pipa pipa (Linnaeus, 1758) 3 1 0
Pipa snethlageae Miiller, 1914 2 0 0
Strabomantidae (5 spp.)
Oreobates quixensis Jiménez de la Espada, 1872 1 0 0 0 1 0 0 0 0
Pristimantis altamazonicus (Barbour & Dunn, 1921) 4 0 0 0 0 4 0 0 0
Pristimantis conspicillatus (Gunther, 1858) 8 0 0 0 8 0 0 0 0
Pristimantis aff. ventrimarmoratus (Boulenger, 1912) 3 0 0 0 0 3 0 0 0
Pristimantis sp. 1 0 0 0 1 0 0 0 0
Ordem GYMNOPHIONA (2 spp.) 4 0 0 0 0 1 0 0 3
Caeciliidae (1 sp.)
Oscaecilia aff. bassleri (Dunn, 1942) 1 0 0 0 0 1 0 0 0
Typhlonectidae (1 sp.)
Typhlonectes compressicauda (Duméril & Bibron, 1841) 3 0 0 0 0 0 0 0 3

o Coeficiente de Similaridade Biogeografica (sensu Duellman
1990) com outras localidades na Amaz6nia e encontrou maior
correspondéncia biogeografica com areas na Amazonia Central, no
Sudoeste e Oeste da Amazonia (Instituto... 2010), regides abrangidas
pela area de endemismo Inambari (Silva et al. 2005). Este padrao de
distribuicdo foi corroborado pela ocorréncia de espécies como: 0s
sapos Dendropsophus allenorum, Pristimantis altamazonicus, Scinax
pedromedinae caracteristicos do alto Amazonas/Solimdes e sudoeste
da Amazonia (Rodriguez & Duellman 1994, Duellman 1999, Ron
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2000, Frost 2011), e os lagartos Gonatodes hasemani, Leposoma
osvaldoi, encontrados no sudoeste da Amazonia, e Anolis tandai,
Leposoma snethlageae, Uracentron azureum guentheri, encontrados
no oeste da Amazodnia (Avila-Pires 1995, Avila-Pires et al. 2009).
Nesse estudo, realizamos uma amostragem ampla em esforgo
e area, utilizando técnicas de coleta complementares eficientes na
captacdo da diversidade da herpetofauna em florestas tropicais (ver
Doan 2003, Ribeiro-Junior et al. 2008). No entanto, para conhecer
a diversidade das comunidades de anfibios e pequenos répteis em
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Figura 4. Espécies de répteis Squamata observadas na regido do baixo rio Purus, Amazonia Central, Brasil: a) Anolis fuscoauratus; b) Anolis tandai; c)
Gonatodes humeralis; d) Gonatodes hasemani; e¢) Chatogekko amazonicus; f) Alopoglossus aff. atriventris; g) Kentropyx altamazonica; h) Arthrosaura
reticulata; i) Dracaena guianensis; j) Copeoglossum nigropunctatum; k) Uracentron azureum guentheri; 1) Uranoscodon superciliosus; m) Lepidoblepharis
heyerorum; n) Plica umbra; o) Chironius scurrulus; p) Micrurus langsdorffii; q) Tantilla melanocephala; r) Dipsas catesbyi; s) Oxyrhopus occipitalis; t)
Bothriopsis taeniata; u) Liophis typhlus; v) Dendrophidion dendrophis; w) Dipsas indica; x) Taeniophallus aff. occipitalis; y) Bothrops atrox; z) Imantodes
cenchoa (Foto i — B. Marioni, demais fotos — F. Waldez).

Figure 4. Species of Squamata reptilians observed in the lower Purus River Basin, Central Amazonia, Brazil: a) Anolis fuscoauratus; b) Anolis tandai; c)
Gonatodes humeralis; d) Gonatodes hasemani; e) Chatogekko amazonicus; f) Alopoglossus aff. atriventris; g) Kentropyx altamazonica; h) Arthrosaura
reticulata; i) Dracaena guianensis; j) Copeoglossum nigropunctatum; k) Uracentron azureum guentheri; 1) Uranoscodon superciliosus; m) Lepidoblepharis
heyerorum; n) Plica umbra; o) Chironius scurrulus; p) Micrurus langsdorffii; q) Tantilla melanocephala; r) Dipsas catesbyi; s) Oxyrhopus occipitalis; t)
Bothriopsis taeniata; u) Liophis typhlus; v) Dendrophidion dendrophis; w) Dipsas indica; x) Taeniophallus aff. occipitalis; y) Bothrops atrox; z) Imantodes
cenchoa (Photo i - B. Marioni, too photos - F. Waldez).

grandes areas de florestas de terras baixas na Amazonia, sdo requeridos
estudos de longo prazo com grande esfor¢o de amostragem (ver
Rodriguez & Duellman 1994, Duellman 1999, 2005, Donnelly et al.
2005, Lima et al. 2008, Vitt et al. 2008). Nestes ambientes florestais,
as serpentes normalmente correspondem ao grupo da herpetofauna
menos conhecido por dificuldades associadas a detecgdo das espécies
(Martins & Oliveira 1998, Bernarde & Abe 2006).

De fato, a amostragem da diversidade da herpetofauna no baixo
Purus se mostrou satisfatoria para sapos e lagartos nas florestas de
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terra firme e de varzea, com eficiéncia menor na amostragem de
serpentes nos dois tipos de florestas (ver Figura 5). No entanto,
alguns taxa foram notadamente ausentes na composicao das espécies
observada. No geral, foi baixo o niimero de registros de espécies com
habitos aquatico e fossorial. Nao foram observados répteis Squamata
fossoriais das familias Amphisbaenidae (Amphisbaena spp.) e
Gymnophthalmidae (Bachia spp.); também ausentes foram lagartos
dos géneros Neusticurus semi-aquatico (Gymnophthalmidae),
Stenocercus terricola (Tropiduridae) e Polychrus arboricola
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Tabela 2. Espécies de répteis Squamata encontradas na regido do baixo rio Purus, Amazonia Central, Brasil. O nimero de espécimes foi indicado por: tipo
de ambiente (floresta de terra firme e floresta de varzea), tipo de unidade amostral (parcela e transecto) e métodos de coleta (armadilha de interceptacao com
funis duplos — AIF, armadilha de interceptagdo e queda — AIQ, procura limitada por tempo — PLT e registro ocasional).

Table 2. Species of Squamata reptilians found in the lower Purus River Basin, Central Amazonia, Brazil. The individual numbers are indicated by: type of
forests habitat (terra firmenonflooded forests and varzea flooded forests), sampling unit (plot and transect) and sampling method (time constrained audio-visual
search - PLT, pitfall traps with drift fence — AIQ, double-ended funnel traps with drift fence — AIF and occasional records).

Parcelas varzea Parcelasterra Transectos terra firme

REPTILIA : SQUAMATA (85 spp.) Total. (n = 28) firme (n = 32) (n=5) ;Z%:Z:;’iz
AlF PLT AIF PLT AlIQ AIF PLT

Subordem SAURIA (34 spp.) 1996 3 447 58 792 187 37 462 34
Iguanidae (1 sp.)
Iguana iguana (Linnaeus, 1758) 7 0 0 0 1 2 0 3 1
Polychrotidae (5 spp.)
Anolis fuscoauratus D’Orbigny, 1837 219 0 65 0 65 19 0 70 0
Anolis tandai (Avila-Pires, 1995) 45 0 1 2 16 4 2 20 0
Anolis ortonii Cope, 1868 4 0 2 0 0 2 0 0 0
Anolis punctatus Daudin, 1802 4 0 1 0 1 1 0 1 0
Anolis transversalis Duméril, 1851 5 0 0 0 2 2 0 1 0
Tropiduridae (4 spp.)
Plica plica (Linnaeus, 1758) 12 0 0 0 4 3 0 5 0
Plica umbra (Linnaeus, 1758) 24 0 11 0 10 1 0 2 0
Uracentron azureum (Linnaeus, 1758) 2 0 0 0 0 0 0 1 1
Uranoscodon superciliosus (Linnaeus, 1758) 125 0 72 0 32 1 0 16 4
Gekkonidae (1 sp.)
Hemidactylus mabouia (Moreau de Jonnés, 1818) 2 0 0 0 0 0 0 0 2
Phyllodactylidae (1 sp.)
Thecadactylus solimoensis Bergmann & Russell, 2007 7 0 0 0 1 0 0 5 1
Sphaerodactylidae (4 spp.)
Chatogekko amazonicus (Andersson, 1918) 303 0 2 22 205 25 3 46 0
Gonatodes hasemani Griffin, 1917 4 0 0 0 3 0 1 0 0
Gonatodes humeralis (Guichenot, 1855) 348 0 76 0 151 0 0 121 0
Lepidoblepharis heyerorum Vanzolini, 1978 1 0 0 1 0 0 0 0 0
Teiidae (6 spp.)
Ameiva ameiva (Linnaeus, 1758) 250 0 30 17 145 20 9 29 0
Crocodilurus amazonicus Spix, 1825 34 0 1 0 1 0 0 32 0
Dracaena guianensis Daudin, 1802 1 0 0 0 0 0 0 0 1
Kentropyx altamazonica (Cope, 1876) 131 0 99 0 0 0 0 32 0
Kentropyx pelviceps Cope, 1868 99 0 14 2 40 11 7 25 0
Tupinambis teguixin (Linnaeus, 1758) 62 0 28 0 28 0 0 6 0
Gymnophthalmidae (10 spp.)
Alopoglossus angulatus (Linnaeus, 1758) 21 0 0 0 0 12 4 5 0
Alopoglossus aff. atriventris Duellman, 1973 88 0 0 8 43 22 5 10 0
Arthrosaura reticulata (O’Shaughnessy, 1881) 50 2 0 3 14 20 3 8 0
Cercosaura argulus Peters, 1863 3 0 0 0 0 3 0 0 0
Cercosaura ocellata Wagler, 1830 1 0 0 1 0 0 0 0 0
Iphisa elegans Gray, 1851 11 0 0 0 1 9 0 1 0
Leposoma osvaldoi Avila-Pires, 1995 3 0 0 0 0 3 0 0 0
Leposoma percarinatum (Miller, 1923) 23 0 1 1 8 13 0 0 0
Leposoma snethlageae Avila-Pires, 1995 1 0 0 0 0 1 0 0 0
Ptychoglossus brevifrontalis Boulenger, 1912 5 0 0 0 0 5 0 0 0
Scincidae (2 spp.)
Varzea bistriata (Spix, 1825) 2 0 0 0 0 2 0 0 0
Copeoglossum nigropunctatum (Spix, 1825) 99 1 44 1 21 6 3 23 0
Subordem OPHIDIA (51 spp.) 177 5 31 4 42 32 25 13 25
Leptotyphlopidae (1 sp.) .
Epictia sp. 1 0 0 0 0 1 0 0 0
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Tabela 2. Continuagéo...

Parcelas varzea Parcelas terra  Transectos terra firme

REPTILIA : SQUAMATA (85 spp.) Total. (n = 28) firme (n = 32) (n=5) igg:g:;’fs
AlF PLT AIF PLT AlIQ AIF PLT

Typhlopidae (2 spp.)
Typhlops minuisquamus Dixon & Hendricks, 1979 1 0 0 0 0 1 0 0 0
Typhlops reticulatus (Linnaeus, 1758) 1 0 0 0 0 1 0 0 0
Aniliidae (1 sp.)
Anilius scytale (Linnaeus, 1758) 3 1 0 0 0 0 2 0 0
Boidae (5 spp.)
Boa constrictor Linnaeus, 1758 2 0 0 0 0 0 0 0 2
Corallus caninus (Linnaeus, 1758) 1 0 0 0 0 0 0 0 1
Corallus hortulanus (Linnaeus, 1758) 8 0 3 0 2 0 0 2 1
Epicrates cenchria (Linnaeus, 1758) 2 0 0 0 1 1 0 0 0
Eunectes murinus (Linnaeus, 1758) 3 0 1 0 0 0 0 0 2
Colubridae (12 spp.)
Chironius carinatus (Linnaeus, 1758) 1 0 0 0 1 0 0 0 0
Chironius exoletus (Linnaeus, 1758) 1 0 0 0 1 0 0 0 0
Chironius fuscus (Linnaeus, 1758) 4 1 1 0 0 1 1 0 0
Chironius scurrulus (Wagler, 1824) 6 0 3 0 3 0 0 0 0
Dendrophidion dendrophis (Schlegel, 1837) 2 1 0 0 1 0 0 0 0
Drymoluber dichrous (Peters, 1863) 4 0 0 0 3 0 1 0 0
Leptophis ahaetulla (Linnaeus, 1758) 1 0 0 0 0 0 0 0 1
Oxybelis aeneus (Wagler, 1824) 1 0 0 0 0 0 0 0 1
Oxybelis fulgidus (Daudin, 1803) 2 0 0 0 1 0 0 0 1
Pseustes poecilonotus (Giinther, 1858) 2 0 0 0 1 0 0 1 0
Spilotes pullatus (Linnaeus, 1758) 2 0 1 0 0 0 0 1 0
Tantilla melanocephala (Linnaeus, 1758) 2 0 0 0 2 0 0 0 0
Dipsadidae (20 spp.)
Atractus poeppigi (Jan, 1862) 4 0 0 0 0 2 2 0 0
Atractus schach (Boie, 1827) 0 0 0 0 2 0 0 0
Atractus torquatus (Duméril, Bibron & Duméril, 24 0 0 0 0 16 6 0 2
1854)
Dipsas cateshyi (Sentzen, 1796) 7 0 6 0 1 0 0 0 0
Dipsas indica Laurenti, 1768 3 0 3 0 0 0 0 0 0
Drepanoides anomalus (Jan, 1863) 4 1 0 1 0 0 2 0 0
Helicops angulatus (Linnaeus, 1758) 4 0 0 0 2 2 0 0 0
Hydrodynastes gigas (Dumeéril, Bibron & Duméril, 2 0 0 0 0 0 0 0 2
1854)
Hydrops martii (Wagler, 1824) 1 0 0 0 0 0 0 0 1
Imantodes cenchoa (Linnaeus, 1758) 17 0 6 0 6 0 0 4 1
Leptodeira annulata (Linnaeus, 1758) 4 0 0 0 1 0 0 3 0
Liophis typhlus (Linnaeus, 1758) 4 0 1 0 1 0 0 1 1
Oxyrhopus occipitalis Wagler in Spix, 1824 2 0 0 0 1 0 1 0 0
Oxyrhopus vanidicus Lynch, 2009 3 0 0 0 1 0 2 0 0
Philodryas argentea (Daudin, 1803) 1 0 1 0 0 0 0 0 0
Pseudoboa coronata Schneider, 1801 2 0 0 0 0 0 2 0 0
Siphlophis cervinus (Laurenti, 1768) 1 0 0 0 0 0 0 0 1
Taeniophallus aff. occipitalis (Jan, 1863) 2 0 0 1 0 0 1 0 0
Thamnodynastes pallidus (Linnaeus, 1758) 2 1 1 0 0 0 0 0 0
Xenopholis scalaris (Wucherer, 1861) 5 0 1 1 1 0 1 1 0
Elapidae (6 spp.)
Micrurus filiformis (Gunther, 1859) 1 0 1 0 0 0 0 0 0
Micrurus hemprichii (Jan, 1858) 7 0 0 0 0 5 2 0 0
Micrurus langsdorffii Wagler, 1824 1 0 0 1 0 0 0 0 0
Micrurus lemniscatus (Linnaeus, 1758) 1 0 0 0 1 0 0 0 0
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Tabela 2. Continuagéo...
Parcelas varzea Parcelasterra Transectos terra firme Redistros
REPTILIA : SQUAMATA (85 spp.) Total. (n=28) firme (n = 32) (n=5) ocaiionais
AlF PLT AIF PLT AlIQ AIF PLT
Micrurus spixii Wagler, 1824 1 0 0 0 0 0 0 0 1
Micrurus surinamensis (Cuvier, 1817) 1 0 0 0 0 0 0 0 1
Viperidae (4 spp.)
Bothriopsis bilineata (Wied, 1825) 1 0 0 0 0 0 0 0 1
Bothriopsis taeniata (Wagler, 1824) 2 0 0 0 2 0 0 0 0
Bothrops atrox (Linnaeus, 1758) 17 0 2 0 9 0 2 0 4
Lachesis muta (Linnaeus, 1766) 1 0 0 0 0 0 0 0 1

Tabela 3. Riqueza de espécies da herpetofauna na regido do baixo rio Purus, Amazonas, Brasil. O nimero de espécies registradas encontra-se apresentado por
método de coleta, tipo de floresta e estratégia de amostragem. Entre parénteses o niimero de espécies registradas exclusivamente por cada tipo de método de coleta.

Table 3. Richness of herpetofauna species from the lower Purus River Basin, Central Amazonia, Brazil. The number of species is indicated by type of forest
habitat, sampling unit and sampling method. The number of species recorded exclusively by each sampling method is noted in brackets.

NUmero de espécie registradas (registradas apenas pelo método)

Grupo método de coleta Parcelas de Parcelas de Transectos de
varzea terra firme terra firme

ANFIBIOS Armadilha de interceptagdo com funis — AIF 4(0) 6 (0) 15 (0)
Procura limitada por tempo — PLT 36 (32) 48 (42) 31 (14)
Armadilhas de interceptagéo e queda — AIQ - - 27 (10)
Total de espécies registradas 36 48 45

LAGARTOS Armadilha de interceptagdo com funis — AlIF 2(1) 10 (2) 9(1)
Procura limitada por tempo — PLT 16 (15) 21 (14) 22 (6)
Armadilhas de interceptac@o e queda — AIQ - - 23 (7)
Total de espécies registradas 17 23 30

SERPENTES  Armadilha de interceptagdo com funis — AIF 5(3) 4(3) 13 (7)
Procura limitada por tempo — PLT 14 (12) 21 (20) 7 (6)
Armadilhas de interceptacdo e queda — AIQ - - 10 (6)
Total de espécies registradas 17 24 24

(Polychrotidae). Todos estes géneros apresentam espécies ocorrendo
na regido da bacia do rio Purus (Rodriguez 2003, Avila-Pires et al.
2009). Também, salamandras da familia Plethodontidae (Bolitoglossa
spp.) ndo foram encontradas apesar de ocorrerem em ambos 0S
interflivios do rio Purus, como indicam espécimes depositados
na Colegdo de Anfibios e Répteis do INPA. De acordo com esses
resultados, acreditamos que a estratégia de amostragem empregada
foi eficaz em representar a maior parte da diversidade da herpetofauna
terrestre de habitos arboricola e terricola.

Novos registros de espécies foram feitos para os sapos
Dendropsophus allenorum, primeiro registro para o Brasil (ver
Frost 2011), e Scinax pedromedinae, segundo registro no pais (ver
Hoogmoed & Avila-Pires 2011). Estas duas espécies arboricolas
sdo conhecidas da Amazonia Peruana, Boliviana e recentemente
Brasileira, para o alto rio Amazonas/Solimd@es e nas bacias dos rios
Madre de Dios e Purus (Rodriguez & Duellman 1994, Duellman
1999, Ron 2000, Hoogmoed & Avila-Pires 2011, Frost 2011). Na
regido do baixo rio Purus D. allenorum (Figura 4c) e S. pedromedinae
(Figura 41) ocorreram associadas as florestas de varzeas.

Comparando a eficiéncia dos métodos de coleta utilizados (Tabela
3), a busca ativa realizada por coletores capacitados (procura limitada
por tempo — PLT) foi o método mais eficaz na amostragem de um
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maior nimero de espécies da herpetofauna, como ja descrito em
inventarios em regides florestais na Amazonia (Neckel-Oliveira &
Gordo 2004, Donnelly et al. 2005, Vogt et al. 2007, Turci & Bernarde
2008). O uso de armadilhas de interceptagdo e queda - AIQ (pitfall
traps) apesar de bastante indicado para amostragem da herpetofauna
em ambientes de florestas tropicais (Cechin & Martins 2000,
Ribeiro-Junior et al. 2008) ¢ de dificil utilizacdo em areas com solos
hidricamente saturados, como nas florestas sazonalmente alagaveis
(Neckel-Oliveira & Gordo 2004). Dentro de uma estratégia que
privilegia a amostragem de um grande niimero de localidades, o uso
de pitfall traps onera as relacGes de custo-beneficio. Neste estudo,
as amostragens com AIQ foram restritas a um menor ntimero de
localidades de floresta de terra firme e utilizadas por um periodo maior
de tempo de abertura (ver Estratégias de amostragem). As armadilhas
de interceptacdo com funis duplos - AIF (double-ended funnel traps),
por serem de rapida instalagdo, foram intermedidrias nas relagdes de
custos-beneficio para espacializar muitas unidades amostrais em uma
grande area. A instalacdo de funnel traps é facilmente adaptavel aos
solos hidromorficos das florestas de varzea. Neste e em outros estudos
realizados em ambientes florestais as AIF foram eficientes na captura
serpentes (Vogt et al. 2007, Bateman et al. 2009), um dos grupos menos
representados em inventarios rapidos (Martins & Oliveira 1998,

http://www.biotaneotropica.org.br



312

Numero de espécies

Numero de espécies

Numero de espécies

Biota Neotrop., vol. 13, no. 1

Waldez, F. et al.

30 @ 50 @

25 oy Er 8 45 ,._--_=:.-;a.'—.--_'-r:-_“-f"”"'-‘:"'-""-"'-

-, 40 ) ._.J:.._..._m:

20

15

10

0 5 10 15 20 25 30 35 40 0 20 40 60 80 100 120 140

25

20

15

10

0 50 100 150 200 250 300 350 400 450 500 0 200 400 600 800 1000 1200 1400 1600 1800

50 80 ®
45 R
70 *@E}jﬁb
RIS e
40 RO
60 2
35 e
30 50
25 40
20 30
15
20
10
5 10
0 0
0 100 200 300 400 500 600 700 800 O 500 1000 1500 2000 2500 3000

Numero de individuos Numero de individuos

Figura 5. Curvas de rarefagdo baseadas no niimero de individuos (circulos cheios) para as comunidades de serpentes (a, b), lagartos (c, d) e anfibios (e, f)
da regido do baixo rio Purus, Amazonia Central, Brasil. As linhas tracejadas representam intervalos de confianga de 95%. Os circulos abertos demonstram a
média das estimativas de riqueza de quatro diferentes estimadores (ACE, Chao 1, Jacknife & Bootstrap). As comunidades de espécies das florestas de varzea
encontram-se na coluna esquerda e das espécies de florestas de terra firme na coluna direita.

Figure 5. Abundance-based rarefaction curves (Black symbols) for the assemblages of snakes (a, b), lizards (c, d) and amphibians (e, f) from the lower Purus
River Basin in Central Amazonia, Brazil. Dotted lines denote 95% confidence intervals. Clear symbol lines show the mean estimated richness from four different
richness estimators (ACE, Chao 1, Jacknife & Bootstrap). The species assemblages from the varzea flooded forests are in the left column and species from the
terra firme nonflooded forests in the right column.
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Figura 6. Numero de espécies por familias de anfibios e répteis Squamata (lagartos e serpentes) encontradas nas florestas de terra firme e florestas de varzea

da regido do baixo rio Purus, Amazonia Central, Brasil.

Figure 6. Number of species by families of amphibians and Squamata reptilians (lizards and snakes) found in the terra firme nonflooded forests and the varzea

flooded forests from the lower Purus River Basin, Central Amazonia, Brazil.

Bernarde & Abe 2006). Considerando nossos resultados (Tabela 3),
julgamos adequado utilizar AIF como método complementar a busca
ativa por coletores capacitados, para amostragem da herpetofauna em
florestas tropicais de planicies de terra firme e sazonalmente alagaveis.
No entanto, resultados conflitantes quanto a eficiéncia das funnel
traps na amostragem da herpetofauna séo descritos na literatura (ver
Ribeiro-Junior et al. 2008). Estas diferengas podem estar relacionadas
com caracteristicas dos habitas. Nas florestas de varzea, certamente a
menor eficacia relativa dos funnel traps foi influenciada pela menor
representatividade de grupos fossoriais e de serrapilheira presentes
na terra firme (ver Figura 6). Também, podem decorrer de variagdes
na metodologia de uso dos funnel traps. Para ambientes florestais,
independente da disposi¢do dos conjuntos de AIF (linhas retas, linhas
emY, etc), recomendamos o uso de funis com dupla abertura, fixados
a cerca guia, parcialmente enterrados e com as entradas preenchidas
com o substrato do solo (ver Figura 2e, f).

Além deste estudo, poucas pesquisas realizaram analises amplas
sobre a diversidade da herpetofauna entre florestas sazonalmente
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alagaveis e de florestas de terra firme na Amazonia (ver Crump 1971,
Doan & Arizébal 2002, Neckel-Oliveira & Gordo 2004, Duellman
2005). Alguns estudos realizaram uma analise restrita para sapos
(Gascon 1996, Gascon et al. 2000, Gordo 2003). Em todos, foi
comum uma distribuicdo desigual do esforco de amostragem devido
a diferente a disponibilidade em area de cada tipo de ambiente. Os
habitats de florestas de terra firme tiveram amostragem priorizada
pela maior complexidade estrutural e pelo uso de armadilhas de
interceptagdo e queda (AIQ) que sdo de dificil instalagdo em solos
umidos como das florestas alagaveis (Neckel-Oliveira & Gordo 2004).

De maneira geral, uma maior diversidade de espécies da
herpetofauna tem sido associada as florestas de terra firme (Gascon
1996, Gascon et al. 2000, Doan & Arizabal 2002, Neckel-Oliveira &
Gordo 2004, Duellman 2005). Em alguns estudos tém-se encontrado
nas florestas de varzea uma diversidade maior ou similar a das
florestas de terra firme (Crump 1971, Gordo 2003).

Na regido do baixo Purus, foi encontrada uma maior riqueza de
espécies e de familias nas florestas de terra firme que nas florestas de
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varzea com marcante auséncia de espécies fossoriais e de serrapilheira
(Figura 6). No entanto, nas florestas de varzea encontramos um maior
numero de espécies de sapos arboricolas (Hylidae) e de lagartos
heliotérmicos de maior porte (Teiidae) (Figura 6), com ocorréncia de
espécies semi-aquaticas pouco registradas (e.g. Dracaena guianensis)
(Tabela 2, Figura 4i).

Uma riqueza de espécies da herpetofauna mais parecida em
numeros absolutos entre os diferentes tipos de paisagens florestais
pode ser observada considerando o numero de espécies entre periodos
de amostragem que empregaram esfor¢o de coleta e estratégias
de amostragem mais similares (ver Tabela 3). No entanto, apesar
poderem ser similares em numero espécies de anfibios e répteis
Squamata, as florestas de terra firme e de varzea na regido estudada
foram diferentes quanto ao conjunto de espécies. As varzeas foram
amostradas durante a fase terrestre e a auséncia de varias familias
de espécies da herpetofauna encontradas nos solos das florestas de
terra firme adjacentes, indicou forte efeito do pulso de inundagao
(Junk et al. 1989) na estruturacdo das comunidades de anfibios e
répteis nas florestas de varzea. De fato, para florestas sazonalmente
inundaveis na Amazonia Central o pulso de inundagdo tem sido
reportado como o principal evento ecolégico e histdrico estruturador
das comunidades animal e vegetal (ver Junk 1997, Haugaasen &
Peres 2005).

A diversidade complementar de espécies de anfibios e répteis
Squamata entre as florestas de terra firme e as florestas de varzea
(diversidade beta-p), relacionada com a maior abrangéncia local
destas paisagens florestais, possivelmente representa a maior
contribuicéo para a diversidade regional da herpetofauna no baixo
rio Purus (diversidade Gama-v).
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ROBERTO, 1.J., RIBEIRO, S.C. & LOEBMANN, D. Amphibians of the state of Piaui, Northeastern Brazil:
a preliminary assessment. Biota Neotrop. 13(1): http://www.biotaneotropica.org.br/v13nl/en/abstract?invent
ory+bn04113012013

Abstract: The state of Piaui is located between the Caatinga and Cerrado biomes in Northeastern Brazil, having
a rich heterogeneity of habitats. However, publications regarding the amphibians of this state are scarce. We
compiled literature data and complemented it with amphibian inventories in some municipalities of Piaui and
present a list of 55 species (54 anurans and one caecilian). Ten of them are endemic to the Cerrado biome (Rhinella
veredas, R. cerradensis, R. mirandaribeiroi, R. rubescens, Dendropsophus rubicundulus, Phyllomeduza azurea,
Leptodactylus pustulatus, Eupemphix nattereri, Physalaemus centralis, and Proceratophrys goyana) and two
endemic to the Caatinga (Rhinella jimi and Ceratophrys joazeirensis). We also present data about species richness
of 18 sampled municipalities, species distribution patterns, and conservation status.

Keywords: Amphibia, Cerrado, Caatinga, distributional patterns, conservation.

ROBERTO, I. J., RIBEIRO, S.C. & LOEBMANN, D. Anfibios do estado do Piauf, Nordeste do Brasil: um
ensaio preliminar. Biota Neotrop. 13(1): http://www.biotaneotropica.org.br/v13n1/pt/abstract?inventory+
bn04113012013

Resumo: O estado do Piaui esté inserido nos Biomas Caatinga e Cerrado no nordeste do Brasil, ocasionando em
uma rica heterogeneidade ambiental ao longo do seu territério. Entretanto, estudos publicados sobre os anfibios
desse estado sdo escassos. NOs realizamos uma compilagdo de dados na literatura e complementamos com
inventarios faunisticos em algumas localidades do Piaui, e apresentamos uma lista de 55 espécies de anfibios
(54 anuros e uma cecilia). Destas, dez espécies sdo endémicas do Cerrado (Rhinella veredas, R. cerradensis,
R. mirandaribeiroi, R. rubescens, Dendropsophus rubicundulus, Phyllomeduza azurea, Leptodactylus pustulatus,
Eupemphix nattereri, Physalaemus centralis e Proceratophrys goyana) e duas endémicas da Caatinga (Rhinella jimi
e Ceratophrys joazeirensis). Apresentamos dados sobre a riqueza de anfibios de 18 municipios amostrados do
Estado e fazemos consideracOes sobre os padroes de distribuicéo das espécies e seu estado de conservacao.
Palavras-chave: Amphibia, Cerrado, Caatinga, padr@es de distribui¢do, conservagao.

http://www.biotaneotropica.org.br http://www.biotaneotropica.org.br/v13nl/en/abstract?inventory+bn04113012013


http://www.biotaneotropica.org.br/v13n1/en/abstract?inventory+bn04113012013
http://www.biotaneotropica.org.br/v13n1/en/abstract?inventory+bn04113012013
http://www.biotaneotropica.org.br/v13n1/pt/abstract?inventory+bn04113012013
http://www.biotaneotropica.org.br/v13n1/pt/abstract?inventory+bn04113012013

Biota Neotrop., vol. 13, no. 1

323

Amphibians of Piaui State

I ntroduction

Amphibians are considered the most threatened animal group
worldwide (Stuart et al. 2004). Over the past decades the increasing
number of population declines and extinctions are alarming the
scientific communities, especially due to the fact that these number are
more than likely underestimated because of several undescribed taxa
that could become extinct without ever being discovered (Young et al.
2001, Carnaval et al. 2009). In this context, the knowledge of
species diversity and distribution and the determinant factors which
lead to these biogeographic patterns are essential for conservation
planning, providing effective tools in the identification of priority
areas (Figueiredo et al. 2006).

The Brazilian territory is known for housing the highest amphibian
diversity worldwide. According to Brazilian Society of Herpetology
a total of 946 described species has been recognized to the country
so far (Segalla et al. 2012). However, the vast degradation of natural
habitats increases the extinction rates of populations at higher levels
(Silvano & Segalla 2005) and several regions remain unknown
regarding the diversity of amphibian species and their distribution,
especially in northeastern Brazil (Loebmann & Haddad 2010). In this
sense we provide the first assessment regarding amphibian diversity
and biogeographic patterns in the state of Piaui, a region situated
between the Cerrado and the Caatinga biomes in northeastern Brazil.

Materialsand M ethods

1. Study area

Located in an ecotonal area between the Cerrado and the Caatinga
domains, the state of Piaui covers an area of 251,529 km?. Most areas

of the state present low relief with elevations below 500 meters, but
in the extreme southwest, on the border of the states of Tocantins,
Maranhdo and Bahia, mountainous areas reach up to 900 m (Figure 1).
The main landscapes that are found in the state are: 1) Extensive areas
of palm tree forests are found in patches. Three dominant species are
found in these forests: Mauritia sp. L. f. (Buriti), Orbignya sp. Mart.
ex Endl. (Babagu) and Copernicia prunifera (Mill.) H.E. Moore
(Carnauba) (Liliopsida, Arecales, Arecaceae). However, due to their
distinct physiological tolerances regarding soil moisture these species
are not syntopic. 2) Cerrado formations comprise the widest natural
areas covering the state of Piaui. These areas are predominantly
composed by herbaceous, shrub or forested formations. 3) Caatinga
formations can be found in areas from northeast of the state, associated
with drier areas. 4) In the extreme north of the state a narrow strip
of coastal zone form a complex mosaic of several habitats such as
coastal dunes, rocky shores, mangrove forests, estuaries, and sandy
beaches (see Loebmann et al. 2010a).

The main data for the elaboration of the amphibian list was
gathered through literature research and inventory collections
from various localities in Piaui. Data obtained from literature and
their respective localities are available at Table 1. Additionally we
performed collections in three municipalities, Caxing6, Ribeiro
Gongalves and Sdo Raimundo Nonato. To sampled amphibians in
Ribeiro Gongalves, we used two methodologies as follow: pitfall
traps arrays, consisted of eleven 60-liter plastic buckets, arranged
in a linear design, with a drift fence of 1.0 meter height; totalizing
an effort of 231 pitfall traps/nights, and visual encounter survey,
totalizing 36 man/hour of effort. In the municipalities of Caxing6
and Sao Raimundo Nonato our samples consisted of visual encounter
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Figure 1. Map of State of Piaui showing the sampled localities: Municipalities of 1- Barras, 2- Brejo do Piaui; 3- Cajueiro da Praia; 4-Canto do Buriti; 5-Castelo
do Piauf; 6-Caxingo; 7-1lha Grande de Santa Isabel; 8-Lagoa Alegre; 9-Parnaiba; 10-Picos; 11-Piracuruca; 12-Piripiri; 13-Ribeiro Gongalves; 14-Sdo Raimundo

Nonato; 15-Teresina; 16-Urugui; 17-Valenga; 18 — Gurgueia.
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surveys only, with a total effort of 60 hours in Caxing6 and 56 hours
in Sdo Raimundo Nonato. It is important to emphasize that sampling
efforts were unequal among sites. Therefore, differences among
species richness in each site should be carefully interpreted. Collection
permits were issue by Instituto Chico Mendes de Conservacéo da
Biodiversidade (ICMBio 26171-1, 4301-1, 36995-1).

Species distributional patterns as well as their association with the
major Brazilian biomes were determined according to Valdujo et al.
(2012) as following: AMC = species that occur both in the Amazon
Rainforest and the Cerrado biomes; CA = species that occur only in
the Caatinga biome; CAC = species that occur both in the Caatinga
and the Cerrado biomes; CE = species endemic to the Cerrado biome;
O = species that occur in open domains; W = widespread species.
The conservation status of the species was classified according to the
IUCN (2012). Taxonomic arrangement is as in Frost (2013).

Results

We recorded a total of 55 amphibian species in the state of Piauf
from information available in the literature and from field collections
carried out in this study (Table 1, Appendix 1), distributed in the orders
Anura (54 species) and Gymnophiona (one species). Anurans were
represented by seven families as follows: Bufonidae (seven species;
one genus); Ceratophryidae (one species); Hylidae (20 species; eight
genera); Leptodactylidae (18 species; six genus); Microhylidae (two
species; two genera); Odontophrynidae (four species; two genus),
Ranidae and Strabomantidae (both with one species). Gymnophiona
was represented only by Siphonops sp. (aff. paulensis) (Caeciliidae).
Among species recorded three are pontentially undescribed taxa:
Adenomera sp. (aff andreae), Scinax gr. ruber and Siphonops sp.
(aff. paulensis).

We registered 18 municipalities with at least one amphibian
recorded (Figure 1), which represent 17.6% of the municipalities
of Piaui (n = 224). Ribeiro Gongalves (n = 32, 62% of the Piaui’s
species), Caxingd (n = 26, 52%), Brejo do Piaui (n = 22, 40%),
Parnaiba (n = 19, 36%) and Ilha Grande de Santa Isabel (n = 15,
30%) were the municipalities with highest number of recorded
species (Figure 2).

Regarding the distributional patterns of species, we found
10 species endemic to the Cerrado biome (Rhinella veredas
(Brandéo, Maciel & Sebben, 2007), R. cerradensis Maciel, Brand&o,

Campos & Sebben, 2007, Rhinella mirandaribeiroi (Gallardo,
1965), R. rubescens (A. Lutz, 1925), Dendropsophus rubicundulus
(Reinhardt & Liutken, 1862 “1861”), Phyllomeduza azurea Cope,
1862, Leptodactylus pustulatus (Peters, 1870), Eupemphix nattereri
Steindachner, 1863, Physalaemus centralis Bokermann, 1962) and
Proceratophrys goyana Miranda-Ribeiro, 1937; (fifteen species
with widespread distribution; two endemic to the Caatinga biome,
Rhinella jimi (Stevaux, 2002) and Ceratophrys joazeirensis Mercadal
de Barrio, 1986); ten species occurring both in the Caatinga and the
Cerrado biomes; four occuring in open domains (Caatinga, Cerrado,
Pantanal) and six species occurring in the Cerrado and the Amazon
Rainforest (Table 1; Figure 3).

According to the IUCN (2012) red list of threatened species,
85% (n = 47) of the species that occurs in the Piaui were classified
as Least Concern. Only Rhinella cerradensis and Proceratophrys
concavitympanum are classified as Data Deficient. Adenomera sp.
(aff. andreae), Proceratophrys cf. caramaschii, Pristimantis gr.
conspicillatus, Pseudopaludicola parnaiba, Scinax gr. ruber, and
Siphonops sp. (aff. paulensis) have no ITUCN red list status so far.

Discussion

Caramaschi & Jim (1983a, b) provide a preliminary list of
amphibians from the municipality of Picos, Piaui, where 10 species
were recorded, including two new species: Dendropsophus soaresi
and Elachistocleis piauiensis, which were formally described by
these authors. Rodrigues (2003) mentions the occurrence of three
and eight amphibian species for the municipalities of Piripiri
and Valenca, respectively; however, species identification is not
provided. Recent new research inventories, most of them along the
coastal zone of Piaui (Silva et al. 2007, Loebmann & Mai 2008,
Loebmann et al. 2010b), increased the known amphibian fauna by 30
species. Recent new records of distribution such Lithobates palmipes
(Ramalho et al. 2011), Odontophrynus carvalhoi (Lisboa et al. 2010),
Sphaenorhynchus lacteus (Benicio et al. 2011) and Physalaemus
cicada (Benicio et al. 2012) have also contributed to the increased
knowledge of the amphibian fauna of the state.

Besides species presented in this article, Freitas (2011) reports
the occurrence of Leptodactylus caatingae Heyer & Juncd, 2003,
Leptodactylus labyrinthicus (Spix, 1824), Leptodactylus sp.,
Physalaemus marmoratus (Reinhardt & Liitken, 1862 “1861”), and

Amphibian richness - Piaui state
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Figure 2. Amphibian richness for the municipalities of the State of Piaui.
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Figure 3. Amphibians Distributional Pattern in the state of Piaui: AMC = species that occur both in Amazon Rain Forest and Cerrado biomes; CA = species
that occur only in Caatinga biome; CAC = species that occur both in Caatinga and Cerrado biomes; CE = species endemic to Cerrado biome; O = species that

occur in open domains; W = widespread species.

Pristimantis fenestratus (Steindachner, 1864) for Piaui. However,
neither references nor voucher specimens are provided in order to
confirm species identification. Among species mentioned by Freitas
(2011), we consider that Leptodactylus sp. is the same species
here presented as Adenomera sp. (aff. andreae) (see Table 1), an
undescribed species broadly distributed in Piaui. We considered
that because we also consider the record of a species of Pristimantis
for the state, once that Freitas (2011) provided a photograph of a
specimen of Pristimantis from Gurgueia region. Additionally, it is
known that a species from this genus occurs in the frontier with
Maranh&o and Piaui (R.W. Avila, personal communication). However,
considering the available information is weakly supported to confirm
identification at the species level, we opted to assign the name
Pristimantis gr. conspicillatus to the species that occurs in the Cerrado
of southern Piaui. The presence of L. labyrinthicus, L. caatingae
and Physalameus marmoratus for Piaui still need further evidence
in order to confirming the presence of these species in state. For that
reason, we preferred to exclude these records in the present study.

The state of Piaui does not have any endemic species detected
so far; however, its localization between the Caatinga in the east and
the Cerrado in the west shows endemic species for both biomes. For
instance, Rhinella veredas, R. cerradensis, R. rubescens, Eupemphix
nattereri, Physalaemus centralis, and Phyllomeduza azurea occur in
savannas areas from Urucui and Ribeiro Gongalves municipalities
(Branddo et al. 2007, Maciel et al. 2007, present study), being
considered species typical from Cerrado. In contrast, Rhinella
mirandaribeiroi, Dendropsophus rubicundulus, Proceratophrys
goyana, Leptodactylus pustulatus have wider distribution in the
state, occurring in Cerrado areas but also in coastal zone and ecotonal
areas of Caatinga and Cerrado (see Silva et al. 2007, Loebmann &
Mai 2008, Loebmann et al. 2010b, Narvaes & Rodrigues 2009). For
the Caatinga endemics, Rhinella jimi occurs in the north of the state
in the coastal zone (Silva et al. 2007, Loebmann & Mai 2008) and
in the Caatinga areas of Caxingé municipality, while Ceratophrys
joazeirensis was reported in the municipality of S&o Raimundo
Nonato.

Species with influence of the Amazon Rainforest such as
Hypsiboas boans, Osteocephalus taurinus, Sphaenorhyncus lacteus,
Proceratophrys concavitympanum, Leptodactylus hylaedactylus
and Lithobates palmipes are found in ecotone areas on the border
with Maranhdo state, suggesting a possible dispersal route for these
species. The low level of endemism confirms the earlier studies

http://www.biotaneotropica.org.br/v13n1/en/abstract?inventory+bn04113012013

of Nogueira et al. (2009) for lizards and Valdujo et al. (2012) for
amphibians, however we believe that new inventories, especially
at the border of the states of Tocantins and Maranhdo on the
southwestern region, can substantially increase the diversity in
Piaui. Those region encompass one of richest amphibian diversity
areas in Cerrado, and are considered priority areas for conservation
(Diniz-Filho et al. 2005). Undescribed species such as Adenomera
sp. (aff. andreae) (A. Fouquet, unpublished data) reinforce the need
for conserving these areas to protect these species.

The lack of endangered species in the state, and only two
‘data deficient’ species, Rhinella cerradensis and Proceratophrys
concavitympanum, does not minimize the importance of conservation
of the pristine habitats, especially due to the increased deforestation
rate that occurs in Piaui, for soy and eucalyptus cultures.

Strict protection conservation units are well represented in the
state of Piaui: Estagdo Ecoldgica de Urucui-Una, Parque Nacional da
Serra da Capivara, Parque Nacional da Serra das Confusdes, Parque
Nacional de Sete Cidades, and Parque Nacional das Nascentes do
Parnaiba, however, inventories in some of these areas are available
only in gray literature, like Management Plans. Knowledge about
species diversity and composition is mandatory for the functionality
and effectiveness of a protected area and to access the efficacy of
the protected area in conserving these species (Rylands & Brandon
2005). Strict protection conservation units, such as national parks
and ecological stations aim to conserve biodiversity and promoting
scientific research. Research should be encouraged by the policy
makers and the scientific community, following the examples of
Uetanabaro et al. (2007) and Valdujo et al. (2011).We hope that in
the near future new articles related to these topics will strengthen
the conservation of these regions and, consequently, the biodiversity
present in those areas.

Acknowledgements

We thank Jodo A. de Arauljo Filho, José Guilherme G. de Sousa
and Diego A. Teles for field assistance. Anne Taffin D Heursel
Baldisseri for English review. Robson W. Avila for providing
personal data for sampled localities in Piaui. Igor J. Roberto thanks
Funcap for the Masters Degree fellowship. D.L. thanks CNPq (Proc.
140226/2006-0) and CAPES (Proc. 338632/2010) for Doctoral and
Post-doctoral fellowships, respectively. Samuel C. Ribeiro thanks
CNPQ for the Doctoral Degree scholarship.

http://www.biotaneotropica.org.br



328

Biota Neotrop., vol. 13, no. 1

Roberto, 1.J. et al.

References

ANDRADE, E.B., GUIMARAES, R., LEITE JUNIOR, J.M.A. & LEITE,
J.R.S.A. 2011. Amphibia, Anura, Leptodactylidae, Leptodactylus syphax
Bokermann, 1969: Distribution extension and geographic distribution
map. Check List 7(5):592-593.

ANNUNZIATA, B.B., FONTENELE, W.N., CASTRO, |.S., GURGEL, R.F. &
NASCIMENTO, K.A. 2007. Amphibia, Anura, Hylidae, Dendropsophus
rubicundulus: Distribution extension. Check List 3(3):242-243.

ANNUNZIATA, B.B., CASTRO, |.S. & FONTENELE, W.N. 2009. Scinax
fuscomarginatus (Brown-bordered Snouted Tree-frog). Herpetol.
Rev. 40(1):110.

AVILA, RW.,, KAWASHITA-RIBEIRO, R.A. & MORAIS, D.H. 2011. A
new species of Proceratophrys (Anura: Cycloramphidae) from western
Brazil. Zootaxa 2890:20-28.

BENICIO, R.A.,, SILVA, G.R. & FONSECA, M.G. 2011. Amphibia, Anura,
Hylidae, Sphaenorhynchus lacteus (Daudin, 1800): First record of the
genus and species for the state of Piaui, Brazil. Check List 7(2):196-197.

BENICIO,R.A., SILVA, G.R. & FONSECA, M.G. 2012. Physalaemus cicada
Bokermann, 1966 (Anura: Leiuperidae): Distribution extension. Check
List 8(4):630-631.

BRANDAO, R.A., MACIEL, N.M. & SEBBEN, A. 2007. A new species of
Chaunus from Central Brazil. (Anura: Bufonidae). J. Herpetol. 41:309-
316. http://dx.doi.org/10.1670/0022-1511(2007)41[309:ANSOCF]2.0
.CO;2

CARAMASCHI, U. & JIM, J. 1983a. Uma nova espécie de Hyla do grupo
marmorata do nordeste Brasileiro (Amphibia, Anura, Hylidae). Rev.
Bras. Biol. 43:195-198.

CARAMASCHI, U. & JIM, J. 1983b. A new microhylid frog, genus
Elachistocleis (Amphibia, Anura) from northeastern Brazil.
Herpetol. 39:390-394.

CARAMASCHI, U. 2006. Redefini¢cdo do grupo de Phyllomedusa
hypochondrialis, com redescricdo de P. megacephala (Miranda-
Ribeiro, 1926), revalidagdo de P. azurea Cope, 1862 e descri¢do de
uma nova espécie (Amphibia, Anura, Hylidae). Arg. Mus. Nac., Rio de
Janeiro. 64:159-179.

CARAMASCHI, U. 2008. Taxonomic status of Leptodactylus ochraceus (Anura:
Leptodactylidae): a forgotten species. Rev. Bras. Zool. 25(3):523-528.
http://dx.doi.org/10.1590/S0101-81752008000300020

CARDOSO, AJ. & HEYER, W.R. 2005. Advertisement, aggressive, and
possible seismic signals of the frog Leptodactylus syphax (Amphibia,
Leptodactylidae). Alytes 13:67-76.

CARNAVAL, A.C., HICKERSON, M.J., HADDAD, C.F.B., RODRIGUES,
M.T. & MORITZ, C. 2009. Stability predicts genetic diversity in the
Brazilian Atlantic forest hotspot. Science 323:785-789. http://dx.doi.
0rg/10.1126/science.1166955

DINIZ-FILHO, J.A.F., BINI, L.M., BASTOS, R.P., VIEIRA, C.M. &
VIEIRA, L.C.G. 2005. Priority areas for amphibian conservation
using biogeographical data: a comparison of greedy, rarity and
simulated annealing algorithms to define reserve networks in Cerrado.
Braz. J. Biol. 65(2):251-261. http://dx.doi.org/10.1590/S1519-
69842005000200008

FIGUEIREDO, W.M.B., SILVA, J.M.C. & SOUZA, M.A. 2006. Biogeografia
e a Conservagdo da Biodiversidade. In Biologia da Conservacéao:
Esséncias (C.F.D. Rocha, H.G. Bergallo, M. Van Sluys & M.A.S. Alves
eds.). RIMA, S&o Carlos, p.135-156.

FREITAS, M.A. 2011. Anfibios do Nordeste Brasileiro. Producéo do Autor.

FROST, D.R. 2013. Amphibian species of the world: an online Reference.
version 5.6 (9 January, 2013). American Museum of Natural History,
New York. http://research.amnh.org/vz/herpetology/amphibia/ (Gltimo
acesso em 02/02/2013)

http://www.biotaneotropica.org.br

HEYER, W.R. 1978. Systematics of the fuscus group of the frog genus
Leptodactylus (Amphibia, Leptodactylidae). Nat. Hist. L. A. Count.
Sci. Bull. 29:1-85.

HEYER, W.R. 1994. Variation within the Leptodactylus podicipinus-wagneri
complex of frogs (Amphibia, Leptodactylidae). SM. C. Zool. 546:1-124.

HEYER, W.R. 2005. Variation and taxonomic clarification of the large
species of the Leptodactylus pentadactylus species group (Amphibia,
Leptodactylidae) from Middle America, northern South America and
Amazonia. Arg. Zool. 37(3): 269-348.

INTERNATIONAL UNION FOR CONSERVATION OF NATURE - IUCN.
2012. The IUCN Red List of Threatened Species. version 2012.2. http://
www.iucnredlist.org. (Ultimo acesso em 17/10/ 2012).

LEITEJUNIOR, J.M.A,, SAMPAIO, J.M.S,, SILVA-LEITE, R.S., TOLEDO,
L.F, LOEBMANN, D. & LEITE, J.R.S.A. 2008. Amphibia, Anura,
Hylidae, Scinax fuscomarginatus: Distribution extension. Check
List 4(4):475-477.

LISBOA, B.S., SILVA, U.G. & HADDAD, C.F.B. 2010. Amphibia, Anura,
Cycloramphidae, Odontophrynus carvalhoi Savage and Cei, 1965:
Distribution extension. Check List 6(4):493-494.

LOEBMANN, D. & HADDAD, C.F.B. 2010. Amphibians and reptiles
from a highly diverse area of the Caatinga domain: composition
and conservation implications. Biota Neotrop. 10: http://www.
biotaneotropica.org.br/v10n3/en/abstract?article+bn03910032010
(Gltimo acesso em 02/06/2012).

LOEBMANN, D. & MAI,A.C.G. 2008. Amphibia, Anura, Coastal Zone, state
of Piaui, Northeastern Brazil. Check List 4(2):161-170.

LOEBMANN, D., MAI, A.C.G. & LEE, J.T. 2010a. The invasion of five
alien species in the Delta do Parnaiba Environmental Protection Area,
Northeastern Brazil. Rev. Biol. Trop. 58:909-923.

LOEBMANN, D., ORRICO, V.G.D., CASSINI, C. & GIASSON,
L.0.M. 2010b. Anfibios. In (MAI, A.C.G. & D. Loebmann, eds.). Guia
Tlustrado: Biodiversidade do Litoral do Piaui. Sorocaba: Grafica e Editora
Paratodos, p.182-211.

MACIEL, N.M., BRANDAO, R.A., CAMPOS, L.A. & SEBBEN, A. 2007.
A large new species of Rhinella (Anura: Bufonidae) from Cerrado of
Brazil. Zootaxa 1627:23:39.

NAPOLI, F.M. & CARAMASCHI, U. 1999. Geographic variation of Hyla
rubicundula and Hyla anataliasiasi, with the description of a new species
(Anura, Hylidae). Alytes 16(3):165-189.

NARVAES, P. & RODRIGUES, M.T. 2009. Taxonomic revision of Rhinella
granulosa species group (Amphibia, Anura, Bufonidae), with a
description of a new species. Arg. Zool. 40:1-73.

NOGUEIRA, C., COLLI, G.R. & MARTINS, M. 2009. Local richness and
distribution of the lizard fauna in natural habitat mosaics of the Brazilian
Cerrado. Austral Ecol. 34:83-96. http://dx.doi.org/10.1111/j.1442-
9993.2008.01887.x

RAMALHO, W.P,, VIANA, F., BENEVIDES, R., SILVA, E.P. & ALVES-
SILVA, R. 2011. First Record of Lithobates palmipes (Spix, 1824)
(Anura, Ranidae) for the State of Piaui, Northeastern Brazil. Herpetol.
Notes. 4:249-251.

ROBERTO, I.J.,, CARDOZO, D. & AVILA, R.W. 2013. A new species
of Pseudopaludicola (Anura, Leiuperidae) from western Piaui State,
northeast Brazil. Zootaxa 3636(2):348-36.

RYLANDS, A.B. & BRANDON, K. 2005. Brazilian Protected Areas. Conserv.
Biol. 19:612-618. http://dx.doi.org/10.1111/j.1523-1739.2005.00711.x

SEGALLA, M.V., CARAMASCH]I, U., CRUZ, C.A.G., GARCIA, P.C.A,,
GRANT, T., HADDAD, C.F.B. & LANGONE, J. 2012. Brazilian
amphibians — List of species. Sociedade Brasileira de Herpetologia. http://
www.sbherpetologia.org.br (Gltimo acesso em 02/06/2012).

SILVA, G.R., SANTOS, C.L., ALVES, M.R., SOUZA, SD.V. &
ANNUNZIATA, B.B. 2007. Anfibios das dunas litoraneas do extremo
norte do Estado do Piaui, Brasil. Sitientibus 7(4):334-340.

http://www.biotaneotropica.org.br/v13nl/en/abstract?inventory+bn04113012013


http://dx.doi.org/10.1670/0022-1511(2007)41[309:ANSOCF]2.0.CO;2
http://dx.doi.org/10.1670/0022-1511(2007)41[309:ANSOCF]2.0.CO;2
http://dx.doi.org/10.1590/S0101-81752008000300020
http://dx.doi.org/10.1126/science.1166955
http://dx.doi.org/10.1126/science.1166955
http://dx.doi.org/10.1590/S1519-69842005000200008
http://dx.doi.org/10.1590/S1519-69842005000200008
http://research.amnh.org/vz/herpetology/amphibia/
http://www.iucnredlist.org.
http://www.iucnredlist.org.
http://www.biotaneotropica.org.br/v10n3/en/abstract?article+bn03910032010
http://www.biotaneotropica.org.br/v10n3/en/abstract?article+bn03910032010
http://dx.doi.org/10.1111/j.1442-9993.2008.01887.x
http://dx.doi.org/10.1111/j.1442-9993.2008.01887.x
http://dx.doi.org/10.1111/j.1523-1739.2005.00711.x
www.sbherpetologia.org.br

Biota Neotrop., vol. 13, no. 1

329

Amphibians of Piaui State

SILVANO, D.L. & SEGALLA, M. 2005. Conservacao de anfibios no Brasil.
Megadiversidade 1(1):79-86.

STEVAUX, M.N. 2002. A new species of Bufo Laurenti (Anura, Bufonidae)
from northeastern Brazil. Rev. Bras. Zool. 19:235-242. http://dx.doi.
0rg/10.1590/S0101-81752002000500018

STUART, S.N., CHANSON, J.S., COX, N.A., YOUNG, B.E.,
RODRIGUES, AS.L., FISCHMAN, D.L. & WALLER, R.W. 2004.
Status and trends of amphibian declines and extinctions worldwide.
Science 306(5702):1783-1786. http://dx.doi.org/10.1126/science.1103538

UETANABARO, M., SOUZA, F.L., LANDGREF-FILHO, P., BEDA A.F. &
BRANDAO, R.A. 2007. Anfibios e répteis do Parque Nacional da Serra
da Bodoquena, Mato Grosso do Sul, Brasil. Biota Neotropica 7(3): http://
www.biotaneotropica.org.br/v7n3/pt/abstract?inventory+bn01207032007
(Gltimo acesso em 20/04/2012).

http://www.biotaneotropica.org.br/v13n1/en/abstract?inventory+bn04113012013

VALDUJO, PH., CAMACHO, A., RECORDER, R., TEIXEIRA JUNIOR,
M., GUELLERE, J.M., MOTT, T., NUNES, P.M.S. & RODRIGUES,
M.T. 2011. Anfibios da Estagéo Ecoldgica Serra Geral do Tocantins, regido
do Jalapéo, estados do Tocantins e Bahia. Biota Neotrop. 11(1): http:/
www.biotaneotropica.org.br/v11nl/pt/abstract?article+bn03511012011
(Gltimo acesso em 03/06/2012).

VALDUJO, P.H., SILVANO, D.L., COLLI, G. & MARTINS, M. 2012. Anuran
species composition and distribution patterns in Brazilian Cerrado,
a Neotropical Hotspot. S. Am. J. Herpetol. 7(2):63-78. http://dx.doi.
0rg/10.2994/057.007.0209

YOUNG, B.E., LIPS, K.R., REASER, J.K., IBANEZ, R., SALAS, AW,
CEDENO, J.R.,COLOMA, S.R.,RON, S.R., LAMARCA E., MEYER,
JR., MUNOZ, A., BOLANOS, F., CHAVES, G. & ROMO, D. 2001.
Population declines and priorities for amphibian conservation in Latin
America. Conserv. Biol. 15:1213-1223. http://dx.doi.org/10.1046/].1523-
1739.2001.00218.x

Received: 13/06/2012
Revised 20/02/2013
Accepted 27/03/2013

http://www.biotaneotropica.org.br


http://www.biotaneotropica.org.br/v11n1/pt/abstract?article+bn03511012011
http://www.biotaneotropica.org.br/v11n1/pt/abstract?article+bn03511012011
http://dx.doi.org/10.2994/057.007.0209
http://dx.doi.org/10.2994/057.007.0209
http://dx.doi.org/10.1046/j.1523-1739.2001.00218.x
http://dx.doi.org/10.1046/j.1523-1739.2001.00218.x
http://dx.doi.org/10.1590/S0101-81752002000500018
http://dx.doi.org/10.1590/S0101-81752002000500018
http://dx.doi.org/10.1126/science.1103538
http://www.biotaneotropica.org.br/v7n3/pt/abstract?inventory+bn01207032007
http://www.biotaneotropica.org.br/v7n3/pt/abstract?inventory+bn01207032007

330 Biota Neotrop., vol. 13, no. 1

Roberto, 1.J. et al.

Appendix

Appendix 1.

Ceratophrys joazeirensis — ZUEC-AMP 9141; Corythomantis greeningi — URCA 2344; Dendropsophus minusculus — UFPB 4518;
Dendropsophus minutus — URCA 2339; Dendropsophus nanus — URCA 234; Dendropsophus rubicundulus — URCA 2356; Dendropsophus
soaresi — URCA 2340; Dermatonotus muelleri — URCA 2366; Elachistocleis piauiensis — MNRJ 66848; Eupemphix nattereri —- URCA 2354;
Hypsiboas boans — MNRJ 71656; Hypsiboas multifasciatus —- URCA 2194; Hypsiboas punctatus — URCA 2225; Hypsiboas raniceps — UFPB
4522; Adenomera sp. (aff. andreae) — URCA 2229; Leptodactylus macrosternum — URCA 2193; Leptodactylus fuscus — URCA 2364;
Leptodactylus podicipinus — MZUSP 25015; Leptodactylus pustulatus — UESPI 38; Leptodactylus syphax — ZUEC-AMP 8829; Leptodactylus
troglodytes — URCA 2346; Leptodactylus vastus — UFPB 4524; Lithobates palmipes - CH-UFRRJ/ RU7278; Osteocephalus taurinus — URCA
2334; Phyllomedusa azurea — URCA 2353; Phyllomedusa nordestina — UFPB 4525; Physalaemus albifrons — CFBH 18322; Physalaemus
centralis — URCA 2359; Physalaemus cuvieri— URCA 2198; Pleurodema diplolister - MNRJ 50381; Proceratophrys cf. caramaschii — UFPB
4529; Proceratophrys concavitympanum — URCA 2358; Pseudopaludicola parnaiba — URCA 2158; Pseudopaludicola mystacalis —- URCA
2367; Rhinella granulosa — UFPB 4515; Rhinella jimi — UFPB 4517; Rhinella mirandaribeiroi — URCA 2345; Rhinella schneideri — URCA
2368; Rhinella veredas — MNRJ 39050; Scinax fuscomarginatus — URCA 2200; Scinax fuscovarius — URCA 2329; Scinax nebulosus - URCA
2224; Scinax x-signatus — UFPB 4532; Trachycephalus typhonius — URCA 2235.
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Abstract: Environmental differences occur between lentic and lotic communities’ establishment, especially
because of water time residence. Here we used a combination of field measurements and statistical analysis to
evaluate the influent factors on the aquatic macroinvertebrates’ composition and structure in 15 anthropogenic
lakes from Alto Iguagu’s region. Macroinvertebrates were sampled from the marginal vegetation (with or without
macrophytes) and sediment. Chemical parameters ranged among the anthropogenic lakes, mainly those which are
connected to the Iguacu River, beyond the presence or absence of macrophytes, interfering on the community’s
structure. Lake’s morphometric data were measured in each lake and its relation to community was tested. The
community structure was not related to the margin development index (Ds), macrophytes and altitude. Higher
equitability was associated to the macrophytes presence in more than 30% of water surface and also where the
riparian vegetation was more complex. Chironomids and oligochaetes densities were associated to lakes with
the water surface completely covered by macrophytes and complex riparian vegetation. We observed a close
association between productivity (phosphorous and nitrogen) and the community equitability (R =0.3; p <0.05)
and Oligochaeta dominance (R = 0.32; p <0.05), and not to Ostracoda’s (R =0.33; p > 0.05) and Chironomidae’s
(R =0.34; p > 0.05) dominances, although we had not weighty difference among analyzed biological indexes.
The obtained values from the BMWP’ and EPT indexes resulted in acceptable, doubtful or critical water quality,
what corroborates with the macroinvertebrate’s structure of the composition and with the environmental variables
observed in field.

Keywords: freshwater invertebrates, Iguacu River, productivity, macrophytes, tropical lakes.

KRAWCZYK, A.C.D.B., BALDAN, L.T., ARANHA, J.M.R., MENEZES, M.S. & ALMEIDA, C.V. A
comunidade de invertebrados em lagos antropicos adjacentes com diferentes fatores ambientais no Alto
Iguacu. Biota Neotrop. 13(1): http://www.biotaneotropica.org.br/v13n1/pt/abstract?article+bn00813012013

Resumo: Diferengas ambientais ocorrem entre o estabelecimento de comunidades de ambientes 1€nticos e 16ticos,
especialmente por causa do tempo de residéncia da dgua. Foi usada uma combinagdo de métricas de campo
e analise estatistica para avaliar os fatores influentes sobre a composicdo e estrutura de macroinvertebrados
aquaticos em 15 lagos antropogénicos da regido do Alto Iguagu. Os macroinvertebrados foram amostrados da
vegetacdo marginal (com ou sem macrofitas) e sedimento. Parametros quimicos variaram entre os lagos antropicos,
principalmente aqueles conectados ao Rio Iguagu, além da presenca ou auséncia das macrdfitas, interferindo na
estrutura da comunidade. Dados de morfometria de lagos foram mensurados e sua relagdo com a comunidade foi
testada. A estrutura da comunidade nao foi relacionada ao indice de desenvolvimento da margem (Ds), macroéfitas
e altitude. Maior equitabilidade foi associada a presenca de macrofitas em mais de 30% da superficie da dgua e
também onde a vegetacao riparia foi mais complexa. Densidades de quironomideos e oligoquetas foram associadas
a lagos com a superficie completamente coberta por macrofitas e complexa vegetacao riparia. Foi observada
associagdo entre a produtividade (fosforo e nitrogénio) e a equitabilidade da comunidade (R =0.3; p <0.05) e
dominancia de Oligochaeta (R = 0.32; p < 0.05) e ndo para a dominancia de Ostracoda (R = 0.33; p > 0,05) e
Chironomidae (R = 0.34; p > 0.05), apesar de ndo haver diferenca entre os indices bioldgicos analisados. Os
valores obtidos através do indice BMWP’ ¢ EPT/C resultaram em ambientes de qualidade aceitavel, duvidosa
ou critica, 0 que corrobora com a estrutura da composicdo de invertebrados e com as caracteristicas ambientais
observadas em campo.

Palavras-chave: invertebrados dulcicolas, Rio Iguagu, produtividade, macrdofitas, lagos tropicais.
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Introduction

Freshwater ecosystems are characterized by two types of
environments, lotic and lentic, which differ primarily in relation to
their flux and water residence time. In a lentic environment, water
residence time can be up to 10 years. Generally shallow tropical
environment characteristics do not contribute to physical and
chemical stratification (Esteves 1998).

Lakes can be classified according to their productivity, which
takes account the primary productivity, and this, in turn, is related
to how the nutrients arrive, and the depth. Since these data, it is
possible to determine the environment trophic state (Odum 2001).
Several researches determine the trophic state considering the
available phosphorous and nitrogen concentrations (Dodds 2003),
since these nutrients are limiting for plants (Trayler 2000). Tropical
lentic environments tend to have higher phosphorous concentration
than nitrogen, because of edaphic and climatic characteristics (Wetzel
2001). High macrophytes abundance take to nitrogen depletion,
because of dissolved oxygen reduction, leading to denitrification,
and, still in lower quantities, the production goes on in tropical
freshwaters, which means in these environments the nutrient cycling
is very efficient, as well the primary productivity (Kolding & Zwieten,
20006). Studies show a direct relationship between chlorophyll
and phosphorous (Smith 1982), and Quiros (2002) states that the
algal biomass reaches its peak with overload of total phosphorous.
Furthermore, nutrients overload lead to these environments by
runoff and point source of pollution (Rivas et al. 2000), reducing the
water column and increasing the autochthonous production (Rast &
Thornton 1996). Thus, littoral regions in lakes tend to have higher
productivity and fauna diversity than limnetic and profundal regions
(Tundisi & Matsumura-Tundisi 2008).

Biological community colonization and establishment in ponds
have a determining factor of habitat conditions (Marques et al. 1999).
Thus, the floodplain physical, chemical and morphological measures
condition these communities (Junk et al. 1989, Carignan & Neiff
1992, Neiff et al. 2001), whereas the horizontal movement of the
river could flood the ponds and, consequently, there is exchange
of water and materials. This exchange ensures selective pressure
on the species of wetland areas, allowing a community composed
by organisms with broad physiological plasticity, which survive
in an intense spatial and temporal variations habitat (Neiff 1975,
Poi de Neiff & Bruquetas de Zozaya 1989).

Anthropic lakes are remaining holes on the ground excavated for
sand extraction, which once abandoned, are drained by the catchment
area and form the water mirrors (Lelles et al. 2005). Although the
formation of water features by mining is characteristic of a changed
environment, the presence of vegetation around the lakes and the
physical chemical characteristics favor the macroinvertebrates
colonization in these lentic systems in development (Moletta et al.
2005). These shallow lakes with reduced areas are influenced by any
changes in environmental conditions, and this is reflected on water
quality and aquatic community structure. After a big flooding in 1995,
some works, like the channel’s rectification and the construction of
dikes on the floodplain and the secondary channel, were alternatives
to reduce the recurring floods that affected the population in nearby
areas (Superintendéncia... 2007). The secondary channel was
constructed in order to provide greater depth, parallel to the river.
When entering in the metropolitan Curitiba’s region, the riverbed was
modified, providing extension and depth, in many points it remakes
the riverbed or cut the natural one, transforming the meanders in to
horseshoe lakes.

Brauns et al. (2007) argue that while domestic and industrial
discharges have been reduced in recent years, due to wastewater
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treatment, the lakes still receive nitrogen from urban areas, and
phosphorous from agricultural waste, besides atmospheric deposition.
According to Vollenweider (1968) the increase of nutrients,
particularly phosphorus, enriches the environment and favors the
algal blooms, which can reduce the development of submerged
plants (Chandra et al. 2005). These, in turn, are important for
aquatic mesohabitats because they play an important ecological role
regarding the availability of food, refuge place and nutrient cycling
(Biggs & Malthus 1982, Esteves 1998, Alves et al. 2003, Thomaz
& Cunha 2010).

The aquatic invertebrates’ communities are represented by a
heterogeneous group of taxa, with approximately 0,5 mm of length,
which survives associated to the deep substratum (Mugnai et al.
2010). These communities are very important to the understanding
about aquatic ecosystems (Cummins 1992) and have been used as
pollution bioindicator in these, because of their wild distribution,
abundance and easy to collect. These animals are relatively sedentary,
and, because of this, can show a local integrity situation; besides,
they have a long life cycle, being able to register the environmental
quality (Metcalfe, 1989).

Its taxonomic diversity as well its different tolerance to organic
enrichment permits inferences about the use of this community
in environmental integrity analysis (Rosenberg & Resh 1993,
Merrit & Cummins 1996). In shallow lakes, these taxa also act like
metabolism ecosystem’s facilitator because they participate in nutrient
cycling, reducing the organic particles sizes, which improves the
decomposition process to the microorganisms (Vannote et al. 1980,
Keast 1985, Mcqueen et al. 1986, Berg et al. 1997, Silva et al. 2009).
These taxa’s occurrence in sediment and marginal/riverine vegetation
(Botts & Cowell 1993, Kurashov 1996) favors an extensive analysis
from the ecosystem conditions because of the different patterns
displayed by the community in response to the physical and chemical
parameters, making it possible to understand how the ecosystem
alterations influence the attributes richness, composition and density
(Goulart & Callisto 2003, Bonada et al. 2006).

Aquatic community classification is complicated because of lack
of information about the measures that regulate the species abundance
and distribution. Thus, Frissel et al. (1996) attribute community
regulations to geomorphological patterns, and highlight the landscape
influence in shallow aquatic ecosystems such as ponds, small lakes
and coastal waters. In this context, the assessment of environmental
parameters governing the distribution and abundance of invertebrate
taxa in the ponds can show the most closely related variables to
macroinvertebrates community (Sandin & Johnson 2004), and they
allow the selection of monitoring methods that bring faster results
and address the environmental conditions that are more related to the
macroinvertebrates community attributes.

In lakes, the littoral region is the one which shows the biggest
nutrient cycle and the highest organism’s diversity, especially
because of the vegetation, that supplies higher organisms’ richness
and diversity (Ward 1992). Callisto et al. (2000), comparing different
regions, found that occurred highest diversity at the littoral region
with secondary Atlantic forest, followed by the limnetic and littoral
regions with eucalyptus, which evidences the around importance
correlated to the fauna composition. Nascimento et al. (2011)
showed that the highest beetles’ diversity was associated to shallow
environments, especially with the macrophytes presence, which are
considered essential factors for the specie’s diversity, settlement
in shallow subtropical lakes, increasing the habitat heterogeneity,
offering resource and refugee, especially to invertebrates (Hargeby
1990, Nessimian & De Lima 1997, Albertoni et al. 2007).

Thus, this study aimed to search factors that influence
macroinvertebrates community composition and structure in
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15 anthropogenic lakes in the First Plateau region of the Iguacu River
(Upper Iguacu), Curitiba, Parana.

The assumption guiding the work is that attributes of the
invertebrates’ community suffer the effects of the morphometric
characteristics, water quality and landscape conditions of the lakes
(marginal/riverine vegetation and macrophytes).

Materials and Methods

1. Study area

The sample points were from the First Paranaense Plateau,
characterized by a broad Upper Iguacu plain surrounded by gently
rolling relief with wavy forms (Maack 1981), under the Cfb climate
influence.

This work was carried out in an area with anthropogenic lakes,
where 12 was chosen, derived from sand extraction was transformed
into a park, and three were from recently closed river branches
from the Iguacu river, formed by anthropogenic changes to bridge
construction or river course alteration in order to reduce the flooding,
in Curitiba (Parana state) (Figure 1).

2. Physical and chemical water analysis

Water and air temperature were measured in field. It was
done one water sample from each lake, during the dry period
(july/2009), and it was taken to the Laboratorio de Hidrologia
of the UFPR in order to be processed. The analyzed parameters
were: Turbidity (NTU, nephelometric method), Dissolved Oxygen
(DO) (mgO,/L, Winkler Method), hidrogenionic potential (pH),
Biochemical Oxygen Demand (BO,D) (mgO,/L, Winkler Method),
Orthophosphate (pg/L, spectrophotometer), Total Phosphate
(TP) (ng/L, spectrophotometric Stannous Chloride, Nitrite (png/L,
Sulfanilamide and N-(1-Naftil) Etilenodiamine), Nitrate (ng/L,
spectrophotometric), Ammonia Nitrogen (ug/L, Macro Kjendahl),
Total Nitrogen (TP) (ng/L, spectrophotometer) e Dissolved Organic
Carbon (mg/L, spectrophotometer). All the analyses were performed
by the methodology proposed by Standard Methods (American...
et al. 2005).

500 m

3. Invertebrates

Invertebrates were sampled from macrophytes/marginal
vegetation using a 0.05 mm-mesh screen (30 x 30 cm) and the sample
protocol included the introduction of the sieve under the marginal
vegetation’s roots and macrophytes in each replica, and all the
material was collected by the sieve in order to happen the screening
in the laboratory. The sediment sample was done using a Ponar type
Grab sampler (15 x 15 cm), with three replicas for each sample point
In each lake, the substrate sample occurred in random places, and that
the taken macrophytes had about 10 meters of distance from one to
other. All the replicas were taken during the dry period (july/2009).
The material screening was done on light box and all the organisms
were identified to the lowest possible taxonomic resolution, mostly
in genus level (Pérez 1988, Trivinho-Strixino & Strixino 1995, Merrit
& Cummins 1996, Wiggins 1996, Mugnai et al. 2010).

4. Area characterization

The fifteen lakes considered in this work are from an area with
2.05 km?, from which twelve are coming from sand extraction
and were transformed in a recreational park, two of lakes are
Iguagu River’s arms that were closed with the secondary channel’s
construction, which was held to increase the riverbed and reduce the
frequency of flooding, and one of them was established because of
a bridge construction, in Curitiba city.

The sample point’s choice was done according to environmental
different characteristics about macrophytes and riparian vegetation
(Instituto... 2004) in the lakes, being, yet, characterized according
to the geographic localization. The macrophyte proportion on the
water surface (MF), marginal/riverine vegetation (RV) and period
of lake’s establishment were measured. The macrophytes proportion
was measured by values between 0 and 100%, with the following
range of values: score 1 for 1 to 20% of macrophytes on the water
surface (*1); score 2 for 21 to 40% of macrophytes on the water
surface (*2); score 3 for 41 to 70% of macrophytes on the water
surface (*3); score 4 for 71 to 100% of macrophytes on the water
surface (*4). The riverine vegetation was measured according to the
plant’s absence, only grass presence, grass and bushes’ presence or
by grass, bush and tree’s presence, following the range of values: 1
for shrub with predominance of grass (**1); 2 for shrubs that allow
little shading (**2); 3 for intact vegetation (**3).

E Brazil

0250500 1.800
—_———

Figure 1. Location of study area. The sample points are numbered. Water bodies in black represent the sample points and the water bodies in gray, the adjacent

sample points.
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5. Morphometric characteristics of the lakes

The depth was obtained by the registered measure to dry period
(july/2009) to the area according to the area’s monitor. The lakes
and surrounding area were marked in GPS and georeferenced using
ERDAS software. The data adjust allowed the generation of a
hypsometric map.

From ground numerical model, polygons were established
in order to verify primary morphometric data, such as area and
perimeter, and from this the development margin index (Ds) was
calculated in order to determinate the lake’s form (Wetzel 1990,
Tundisi & Matsumura-Tundisi 2008). The Ds followed the equation:
Ds = L/ 2\TIA, where L represents the polygon length (from each
sample point) and A represents the circle circumference with the same
lake area. The response values can be close or far from one (1). Thus,
when the development margin index is closer to one, the lake tend to
have a circular pattern, and the values far from one tend to be more
elongated with dendritic pattern (between 3 and 5).

6. Data analysis

To the physical and chemical lakes’ characterization the mean
and standard deviation were calculated to the fifteen samples and
the variation coefficient (VC) was defined. As a sample’s variability
standard of the quantitative factors was established that the lower
variation coefficient of 20% denoted homogeneity conditions,
whereas equal or upper than 20% denoted heterogeneous factors.

The community structure was checked on parameters of
richness (number of taxa identified per sample unit - S), occurrence
frequency (OF), Shannon-Wiener diversity index, which considers
the community’s biomass in relation to taxonomic richness (H),
Margalef’s richness, that was referred about the number of genus in
the samples, (d), Pielou equitability (J*), dominance (Dm) and relative
abundance. These attributes were calculated using the statistical pack
Past® (Hammer et al. 2007).

ANOVA was applied using Past® computer program
(Hammer et al. 2007) to verify differences in community attributes
calculated for the 15 sample points. The data met the normality and
homogeneity assumptions, prior tested for variance analysis.

The correlation between nitrogen and phosphorous was done
according the Vollenweider (1983) proposal, being that the total
nitrogen related to phosphorous ratio determine the environment’s
limitation because of one of these elements. According to this method,
with a ratio higher than nine, the lakes are limited by phosphorous,
while ratio lower than nine, characterizes lakes limited by nitrogen.

In order to test the most influent environmental variables
on the community attributes, the Partial Least Squares (PLS)
(Carrascal et al. 2009) was used, with the aid of Statistica® 7.0
(StatSoft 2005) for the 15 samples points, with two dependent
variable models, equitability (J*) and the most dominant taxa obtained,
seeking the best descriptors to explain structure and composition of
the macroinvertebrates community. The statistical variables (factors)
are composed by linear offsets relationships between the observed
variables and the classification according to ecological significance,
which must be based on literature concepts (Hair et al. 2009).

To infer about the water quality using the macroinvertebrate’s
community it was done the BMWP’ index (Biological Monitoring
Work Party System), modified by Toniolo et al. (2001), which
considers the macroinvertebrate’s tolerance to organic matter, and
EPT (Ephemeroptera, Plecoptera and Trichoptera), which considers
these taxa proportions among other taxonomic groups (Silveira 2004).
In this work, the comparison of EPT was with Chironomidae taxon.
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Results

MEF1 represented the macrophytes occurrence between 0-25%
of water surface, MF2 was to an occurrence of 26-51%, MF3 was
to 52-75% of occurrence, and MF4 was to an occurrence between
76-100%. So, MF4 has occurred in 46% of the points, whereas
more than 50% of the points did not have expressive macrophytes
contribution (MF1, MF2, MF3). The vegetation presence surrounding
was carried out in four intervals according to the main composition,
where grass and shrubs composed (RV2) 46% of lakes, whereas
complex vegetation, which composition was of grass, shrubs and trees
(RV3), occurred in 40%. The exclusive grass presence in composition
(RV1) and the absence of plants around (RV0) occurred only in 14%
ofthe sampled lakes (Table 1, 2). The margin development index (Ds)
presented perfectly circular (Ds1) (26%) and circular (Ds2) (66.6%)
patterns in most. Dendritic pattern (Ds3) was the least occurrence
(6.6%) (Table 2).

There was little variation about parameters water temperature,
altitude and pH among the sampled lakes (VC=3%, 0,1% and 4%,
respectively). The other limnological variables were heterogeneous
among the lakes, being the variation coefficient to the DO=39%,
DOC=65%, total phosphate=89%, BO.D and orthophosphate=94%,
turbidity=116%, nitrite=153%, total nitrogen=164% (Table 3).

The Table 3 also shows the nitrogen phosphorous ratio,
demonstrating that eleven of the fifteen sample points are limited
by phosphorous. The highest ratio was observed in lakes without
macrophytes (PT3 and PT13). The sample points PT5, PT8, PT11
and PT14 were limited by nitrogen. The points PTS, PT11 and
PT14 had a large amount of macrophytes, which are very efficient
in nitrogen fixation.

The fauna of both lakes was composed by 9054 macroinvertebrates,
distributed in 133 taxa, between family and genus taxonomic levels
(Figure 2). The insects were identified, always that possible, in genus
level (Table 4) and the other individuals, to the lowest possible
taxonomic level (Table 5).

Oligochaeta (48.1%) and Chironomidae (17.16%) were the
most abundant in community, and both taxa were registered in all
of sampled points. Chironomidae presented the highest percentage
abundance among collected insects (17.6%). The genus Monopelopia
sp. (Diptera: Chironomidae: Tanypodinae) was a strong contributor
to macroinvertebrates community in the three most abundant sample
points.

The PT14 presented the higher abundance, with 1442 organisms,
being oligochaets (675) and quironomids (490) the most abundant
taxa, followed by points PT4 (1429) and PT15 (881). PT15 had the
highest richness (58), and also Margalef index. Oligochaeta was the
most abundant in PT15 too. It is relevant to consider that points PT14
and PT15, besides abundant macrophytes presence and complex
riparian vegetation, these points receive Iguagu river’s water during
flood period.

Ecological indexes were not weighty different among the
15 sampled points (ANOVA) (F = 0.49; df = 22.17; p = 0.90).
Each one presented a peculiar pattern about the macroinvertebrates
community attributes variation. The highest diversity was obtained
to PT15, whereas the lowest, in PT13. Lowest dominance occurred
in PT11 and PT7, as well, the highest equitability values (Table 6).

There was little range among richness, dominace, Margalef
richness and equitability. In all cases, the range was very close
to mean, being registered to richness the mean 34 (sd = 13.4), to
dominance, mean of 0.3 (sd = 0.1), to Margalef’s richness mean of
5.4 (sd = 1.5) and to equitability, the mean of 0.5 (sd = 0.1). The
individuals abundance (N) presented the highest range among the
sampled lakes, 556 (sd = 424.3) (Table 7).
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Table 1. Descriptive characteristics from the 15 sample points where MF = macrophytes presence (*1 — from 1 to 20% of water surface covering; *2 — from
21 to 40% of water surface covering; *3 — from 41 to 70% of water surface covering; *4 — from 71 to 100% of water surface covering) and RV = riparian
vegetation (**1 — bushes, with more grass; **2 — bushes that ensure little shadowing; **3 — intact vegetation).

Location

MF

RV Characteristics

PT1

PT2

PT3

PT 4

PTS5

PT6

PT7

PT8

PT9

PT 10

PT 11

PT 12

PT 13

PT 14

PT 15

25°36.406” S;
49°17.435" W

25°36.360” S;
49°17.456” W

25°36.360” S;
49°17.456” W
25°36.099” S;
45°17.299” W
25°36.100” S;
49°17.299” W
25°36.109” S;
49°17.304” W
25°36.136” S;
49°17.298” W

25°36.114 “S;
49° 17.342” W
25° 36.690 “S;
49° 17.423” W
25°38.718” S;
49°17.201” W
25° 36.700” S;
49°17.197” W
25°36.397” S;
49° 16.845” W
25°36.684” S;
49° 16.605” W
25°36.649” S;
49° 16.494” W

25°36.681” S;
49°16.491” W

All water surface *3
Near the margins*3
Absent*1
All water surface*4
Near the margins (up to 30%)*2
Near the margins (up to 30%)*2

All water surface *4

Almost all water surface (50%) *3
50% of water surface *3
40% of water surface *2

All water surface *4
Absent *1
Absent *1

All water surface *4 Diverse
macrophyte groups present

Almost all water surface *4

Trees and bushes **2  Establishment of the lagoon:30 years

Trees and bushes **2  Establishment of the lagoon: 30 years

Grass **1 Establishment of the lagoon: 30 years

Bushes and grass **1

] Brickwork on one margin

Grass **1 Brickwork all around it

Bushes and grass **1 30 years
Presence of erosion

Brickwork on the margin

Trees and bushes **2  Not deep; River’s fragment
Trees **2
Bushes and trees **2  Next to the Iguagu river canal

Old part of the river, next to the river
canal

Complex vegetation **3
Bushes and grass **1

Iguagu river’s arm; Erosion
Decomposition odor;

Complex vegetation **3

Presence of erosion
Iguacu river’s arm

Complex vegetation **3

Complex vegetation **3  Presence of erosion on one margin;

Iguagu river’s arm

Table 2. Qualitative considered variables among the 15 sampled point’s

characterization.

Rank Rank occurrence among the lakes (%)
RVO0 6.6
RV1 6.6
RV2 46.6
RV3 40
MF1 40
MF2 13.3
MF3 0
MF 46.6
Dsl1 26.6
Ds2 66.6
Ds3 6.6

http://www.biotaneotropica.org.br/v12n4/en/abstract?article+bn00813012013

Partial Least Square analysis (PLS) was conducted since
databases from each sample point, in view of the equitability (J”)
difference among the lakes. Table 8 presents the variable meaningful
and importance for each tested pit.

It is important to know how each variable contributes to the
general statistical variance, explaining the involved factors. The
productivity in a lentic environment is high when there is the
occurrence of high BOD, and phosphates and nitrates, concomitantly
(Esteves 1998, Dodds 2003). Thus, the factor analysis provided that
axis x as the environment productivity. PT2, PT5, PT6, PT9, PT11,
PT14 and PT15 were related to productivity because they presented
the highest values to those variables, as opposed to what happens in
other points (Table 3).

Equitability values were higher when the productivity
increased (Figure 3), which can be observed by the PLS analysis,
that presented high statistical significance in the first and second
principal components. The observed eigenvalues were equal in the
two principal components (2,64), with an explicability of 24%. It
can be explained by BOD,, phosphorous, ortho-phosphate, nitrite,
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Table 3. Physical and chemical parameters of water and the average values among the 15 studied points in July/2009 where T (H,0) = water temperature;
T = turbidity; DO = dissolved oxygen; pH = hydrogenionic potential; BOD, = biochemistry oxygen demand; TP = total phosphates; O-P = ortho-phosphate;
DOC = dissolved organic carbon; NO, = nitrite. NT/PT= Reason between nitrogen and phosphorous to determinante the limiting fator to the productivity in

the 15 sampled lakes.

Sample T T OD DBO,

TP O-P DOC NT NO,

points  (H0)CO) (NTU)  mgh) P! mg) gl gL mgl) gl gl N
PT1 15 21.3 7.638 7.81 2.6 26.7 9.9 12.7 444.02 6.5 16,6
PT2 15 67 8.44 7.64 2.6 54.32 16.8 4.2 529.27 7.7 9,7
PT3 15 11.8 6.4 7.65 9.4 19.9 12.3 10.5 500.85 3.8 25,2
PT4 16 16.2 4.8 6.9 6.6 24.4 9.2 4.5 292.09 3 11,9
PT5S 14.5 306 7.23 7.43 4.08 135 6.8 1.8 765.17 21.1 5,7
PT6 15 20.7 8.84 7.58 13.44 29.1 17.7 3.1 410.26 2.9 14,1
PT7 15 133 6.43 7.44 4 57.8 41.6 1.8 571.58 6.1 9,9
PT8 15 17.6 10.05 7.18 2.6 56.5 14.3 2.7 104.32 6.6 1,8
PT9 15 26.5 8.44 7.57 2.7 40.3 14.6 4 418.38 7.8 10,4
PT10 16 22.5 7.63 7.62 6.8 28.9 8.8 2.7 260.47 7 9,0
PT11 16 47.8 6.43 7.55 2.7 39.2 22.2 3.1 348.29 4.3 8,9
PT12 15 97.7 8.44 7.93 1.4 75.3 33.4 4 725.39 6.3 9,6
PT13 16 38.2 2.01 7.2 14.7 252 92.2 6.6 6252.1 67.8 24,8
PT14 15.5 46.2 1.201 6.94 28.1 165 62.4 7.6 966.08 49 5,8
PT15 15.5 117 4.02 6.86 14.8 85.8 17.7 3.6 1175.2 4.9 13,7
Mean 15.3 66.0 6.5 7.4 7.8 72.7 25.3 4.9 917.6 10.7
SD 0.5 76.7 2.5 0.3 7.3 64.8 23.7 3.2 1501.7 16.4
IC -95% 15.03 23.47 5.13 7.24 3.72 36.80 12.17 3.10 85,97 1.65
IC +95% 15.57 108.47 7.93 7.60 11.81 108.56 38.48 6.62 1749,16 19.78
100% 17— M — — — — — — —~ ~ — — — —
90% -
80% - ] — n
< 70% 4 [T
@ — || 1 o O Others
_:i; 60% — I 7| O Ostracoda
g 50% | L m Oligochaeta
E 40% || || B Wyeomyia
% . || | B Monopelopia
2 30% - L
20% -
10% -
0% -l T T T T T T

PT1 PT2 PT3 PT4 PT5 PT6 PT7 PT8 PT9 PT10 PT11 PT12 PT13 PT14 PT15
Figure 2. Taxa with more than 5% of abundance and occurrence in more than three sampled points.

and abundant ciliar vegetation grouping, opposed to DO and pH. DO
and COD were influent variables, as well as dense ciliar vegetation.

Chironomidae, Oligochaeta and Ostracoda had the higher relative
abundances. Due to this importance, the PLS was conducted to these
taxa as dependent variables, and as well as equitability response, the
productivity was the explicative factor (Figures 4, 5 and 6). The most
influent variables are ranked in Table 4.

The realized analyses to Chironomidae and Ostracoda did not
present statistical significance to the two first components, so, we
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assumed to analyze only the first principal component. The eigenvalue
to Chironomidae was 2,93, assuming an explicability of only 24%.
To Ostracoda the eigenvalue to the first component was 2,93, with
an explicability of 25%. Thus, this analysis demonstrated a low
explicability to Chironomidae and Ostracoda. It is noteworthy that
the lakes with higher macrophytes’ frequency (51-75% and 76-100%)
had higher representativeness and, because of this, had higher
explicability power. The analysis on Ostracoda was significant to
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Taxa Genus TEF (%) Taxa Genus TEF (%)
Ephemeroptera Mesoveliidae Mesovellia 13
Ephemeroptera 13 Naucoridae Pelocoris 7
Baetidae Apobaetis 27 Notonectidae Notonecta 27
Caenidae Caenis 60 Pleidae Paraplea 20
Leptohyphydae Tricorythopsis 7 Lepidoptera
Leptohyphydae Traveryphes 7 Noctuidae 13
Leptohyphydae Leptohyphodes 20 Pyralidae Crambus 27
Leptophlebiidae Traverella 13 Trichoptera
Odonata Hydroptilidae Neotrichia 20
Aeshnidae Castoaeschna 20 Polycentropodidae Cyrnellus 7
Aeshnidae Coryphaesna 7 Coleoptera
Aeshnidae Limnetron 7 Chrysomelidae Disonycha 7
Coenagrionidae Ischnura 7 Curculionidae 27
Coenagrionidae Oxyagrion 20 Curculionidae Listronotus 7
Coenagrionidae Telebasis 100 Curculionidae Lixus 27
Dicteriadidae Eleocharis 7 Dytiscidae Acilius 20
Lestidae Lestes 20 Dytiscidae Hygrospus 20
Libellulidae Erythrodiplax 73 Elmidae 7
Libellulidae Brechmorhoga 67 Elmidae Hexanchorus 13
Perilestidae Perilestes 7 Haliplidae Haliplus 13
Protoneuridae Epipleoneura 7 Hydrophilidae 7
Protoneuridae Neoneura 13 Hydrophilidae Berosus 7
Heteroptera Hydrophilidae Dibolocelus 40
Belostomatomatidae Belostoma 27 Hydrophilidae Helobata 87
Corixidae Cymatia 27 Lampyridae 60
Corixidae Tenaglobia 33 Melolonthidae 13
Hebridae Hebrus 13 Noteridae Hydrocanthus 13

Taxa Subfamily/Genus TEF (%) Taxa Subfamily/Genus TEF (%)
Noteridae Pronoterus 7 Chironomidae Caladomyia 27
Scirtidae Microcara 40 Chironomidae Chironomus 27
Staphilinidae Pontamalota 7 Chironomidae Cryptochironomus 7
Diptera Chironomidae Dicrotendipes 7
Muscidae 7 Chironomidae Harnischia 13
Ceratopogonidae Dasyhelea 27 Chironomidae Parachironomus 33
Ceratopogonidae Probezzia 80 Chironomidae Polypedilum 27
Ceratopogonidae Stilobezzia 33 Chironomidae Rheotanytarsus 7
Chaoboridae Chaoborus 7 Chironomidae Tanytarsus 27
Culicidae Aedes 13 Chironomidae Tanytarsini gen A 20
Culicidae Anopheles 27 Chironomidae Orthocladiinae 53
Culicidae Culiseta 7 Chironomidae Corynoneura 7
Culicidae Mansonia 7 Chironomidae Cricotopus 7
Culicidae Toxorhynchites 7 Chironomidae Parametriocnemus 13
Culicidae Wyeomyia 87 Chironomidae Tanypodinae 80
Dixidae Dixa 7 Chironomidae Procladini 7
Empididae 20 Chironomidae Djalmabatista 13
Ephydridae 7 Chironomidae Ablabesmyia 53
Sciomyzidae Tetanocera 13 Chironomidae Clinotanypus 7
Stratiomidae Euparyphus 53 Chironomidae Coelotanypus 27
Stratiomidae Mixosargus 7 Chironomidae Labrundinia 73
Syrphidae 7 Chironomidae Larsia 67
Tabanidae Chrysops 73 Chironomidae Monopelopia 73
Tipulidae 20 Chironomidae Pentaneura 20
Chironomidae Chironominae Chironomidae Tanypus 20
Chironomidae Aedokritus 27 Chironomidae Thienemannimyia 53
Chironomidae Beardius 7 Chironomidae Zavrelimyia 13
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Table 5. Total macroinvertebrates’ observed frequency (TF) except insects
among the 15 sampled lakes.

Taxa Genus TF (%)

Oligochaeta 100
Hirudinea 87
Glossiphoniidae 0
Bivalvia 27
Platyhelmintes 13
Nematoda 7
Mollusca 7
Mollusca Mycetopodidae Anodontites 7
Mollusca Ampullariidae Pomacea 27
Mollusca Physidae Physa 60
Mollusca Planorbidae Biomphalaria 60
Mollusca Planorbidae Drepanotrema 7
Mollusca Gastropoda 7

Mollusca Gastropoda Ampullariidae 13

Mollusca Gastropoda Ancylidae 7
Hydracarina 40
Cladocera 87
Copepoda 20
Crustacea Isopoda Hyalella 13
Amphipoda 7
Isopoda 13
Crustacea Decapoda Macrobrachium 13
Ostracoda 80
Collembola 27

Table 6. Macrofauna attributes in Alto Iguagu pits, where S = taxonomic
richness; N = total abundance; D = dominance; d = Margalef richness index,
and J’ = equitability.

Sample points S N D d J’
PT1 46 666 0.39 6.92 0.47
PT2 21 116 0.19 4.21 0.68
PT3 24 342 0.67 3.94 0.31
PT4 50 1429 0.26 6.74 0.55
PTS 32 553 0.15 491 0.67
PTo6 42 622 0.14 6.37 0.65
PT7 20 160 0.12 3.74 0.80
PT8 24 242 0.36 4.19 0.55
PT9 43 527 0.21 6.70 0.61
PT10 33 608 0.28 4.99 0.52
PT11 32 259 0.11 5.58 0.77
PT12 16 55 0.39 3.74 0.60
PT13 22 438 0.46 3.45 0.42
PT14 53 1442 0.30 7.15 0.46
PT15 58 881 0.24 8.40 0.58

Table 7. Descriptive statistics to the ecological indexes.

Confidence Confidence

Mean 295,000%  +95,000% Variance Std.Dev.
S 34.4 27.0 41.8 180.1 13.4
N 556 321 791 180050.1 4243
Dm 0.3 0.2 0.4 0.0 0.2
d 5.4 4.5 6.3 2.4 1.5
J 0.6 0.5 0.6 0.0 0.1
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the two first components, presenting eigenvalues of 3,41 and 1,70,
respectively.

In all the done analysis was possible to observe that the first
principal component defined the data variability depending on the
trophic level. In lakes with low pH, OD and reduced macrophytes’
frequency we understood as low productivity, indicating low trophic
level.

There were not environments with good or excellent water quality
according to the BMWP’. The most sample points were classified
in acceptable or questionable, while the PT2 was classified in very
critical water quality (Table 9).

The Plecoptera Order was absent in all sample points. Trichoptera
was rare in PT2, PT3, PT6 and PT10 (n = 1) as well in PT4 (n = 6).
Ephemeroptera was not sampled in PT1, PT11, PT13 and PT14,
occurring in all others (always with less than 2% of contribution to
the community). On the other hand, Chironomidae was sampled in all
sample points. All the sample points showed a reason smaller than one
to this metric, evidencing a commitment of water quality (Table 9).

Discussion

The Monopelopia sp. abundance can be related to macrophyte
abundance, due to this taxon morphological adaptation to colonize
these aquatic plants, as registered by Armitage et al. (1995). Peird
& Alvez (20006) related all the macroinvertebrates community from
the Ribeirdo das Anhumas dam’s littoral region with macrophytes
disposition, considering the food supply and shelter as advantages to
the occurrence. Indeed, the organisms’ richness was very represented
by the detected portion of aquatic plants. The vegetation in shoreline
favors the littoral zone, especially in lentic environments, because
they provide a diverse habitat, increasing the richness, and other
ecological indexes (Ward 1992, Corgosinho et al. 2004).

Assireu et al. (2009) suggest that higher margin development
index, greater the aquatic community establishment probability and
greater the catchment interference. Our study has not confirmed
this pattern, because the index was not explicative factor nor
even to community structure or to the three more dominants taxa
(Chironomidae, Oligochaeta and Ostracoda). So, this variable was
excluded from analysis, as well macrophytes and the altitude.

In spite of macrophytes exclusion from analysis, the highest
equitability values were observed in those points with more than 30%
of' water surface covered by them. The reduced macrophyte presence
in some points permitted to note the association between macrophytes
and complex riparian vegetation. However, elevated quironomid and
oligochaete density were found in lakes with all water surface covered
by aquatic plants and complex riparian vegetation surrounding. This
emphasizes the macrophytes and riparian vegetation association as an
important ecological role to macroinvertebrate’s community.

Weatherhead & James (2001) verified that depth, turbidity and
flood peaks were not influent factors on the macroinvertebrate’s
abundance and distribution; however the suspended solids modified
the macrophytes. Macrophytes are related to nutrients supply, even in
oligotrophic lakes (Weathehead & James 2001), to egg deposition and
refuge to these animals, besides to be an important factor to habitat
heterogeneity (Jackson 1997, Higuti & Takeda 2002). Macrophytes
architectonic types have explained the abundance variation of
macrofauna in lakes (Cheruvelil et al. 2000), besides to support the
distribution pattern. In shallow ecosystems these plants assume a more
relevant ecological role, since they can colonize all the environments
and increase the primary production rate (Cervi et al. 2009).

The observed macrophyte quantity and riparian vegetation density
permit to infer that the two parameters together increase the shading
on the water body, as consequence, take to lower productivity in water,
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Table 8. Partial Least Square (PLS) results to the 15 Alto Iguacu lake’s attributes community for the most explicative factors to taxa equitability (J’) and
abundance (Chironomidae, Oligachaeta e Ostracoda). The highlighted factors are the three first ones in relation to importance, pointed by the analysis.

J Chironomidae Oligochaeta Ostracoda
Variables
Pw Imp Pw Imp Pw Imp Pw Imp
T(H,0) (°C) * * * * 0.44 10 0.13 9
Turbidity * * * * 0.17 12 0.001 12
DO (mg/L) 0.81 1 0.77 2 0.79 1 0.68 2
pH 0.52 7 0.78 1 0.62 4 0.33 7
BOD, 0.61 6 0.7 3 0.57 6 0.5 5
Total Phosphate (mg/L) 0.7 4 0.31 6 0.74 2 0.76 1
Ortho-phosphate (mg/L) 0.66 5 0.29 7 0.74 3 0.65 3
DOC (mg/L) 0.77 2 0.01 11 0.18 11 0.07 10
Nitrite (mg/L) 0.36 10 0.05 9 0.59 5 0.52 4
CvV 0.72 3 0.01 10 0.08 13
R? of x 0.3 0.34 0.32 0.33
D <0.05 >0.05 <0.05 >(0.05
Variance (%) 85 81 96 38
Pw= Power (analysis influence). Imp = Importance (relevant rank).
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Figure 3. PLS analysis indicating observed variables weight on components 1 and 2, and its relationships to macroinvertebrates equitability distribution among

the points.

but in the other hand keep constant temperature and inhibit algae
bloom (Silans 2003). In natural non-eutrophic lakes, the vegetation
and shallowness are more efficient in phosphorous conversion to
biomass disposed to phytoplankton, even the primary production is
constant (Nixdorf & Deneke 1997).

http://www.biotaneotropica.org.br/v12n4/en/abstract?article+bn00813012013

Dissolved oxygen is one of the most important variables
in limnological characterization due to its chemical reaction
participation in water (Tundisi & Matsumura-Tundisi 2008), and it
can be controlled by macrophytes in as much as they metabolize 16 to
34% of Total Phospates and nitrogen in a lacustrine system (Carpenter
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Table 9. Biological indexes values to water quality in the 15 sample points
from the Alto Iguacu region. EPT/C = reason between the proportion of
Ephemeroptera, Plecoptera and Trichoptera taxa in relation to Chironomidae.
BMWP’=Biological Monitoring Work Party System, where acceptable water
quality = moderated evidences of pollution; Doubtful = polluted waters
(alterated systems), and Critical = much polluted waters (very alterated
systems).

Sample points EPT/C BMWP’

Value Value Quality
PT1 0,014 78 Acceptable
PT2 0,2 31 Critical
PT3 0,04 62 Acceptable
PT4 0,198 92 Acceptable
PT5 0,044 48 Doubtful
PTé6 0,071 65 Acceptable
PT7 0,142 46 Doubtful
PT8 0,017 31 Critical
PT9 0,03 77 Acceptable
PT10 0,02 57 Doubtful
PT11 0 54 Doubtful
PT12 0,5 27 Critical
PT13 0 48 Doubtful
PT14 0 85 Acceptable
PT15 0,077 95 Acceptable

http://www.biotaneotropica.org.br/v12n4/en/abstract?article+bn00813012013

& Adams 1977), increases the exponential growth rate, which one
provides oxidation and limits the radiation to biota because releases
phosphorous, and consequently, suspended solids (Thiébaut 2008).
Wetzel (1984) assumes that aquatic macrophytes can act increasing
or reducing DOC. In this study, we observed that, lowest macrophyte
distribution on water surface, conducted to higher DOC rate (PT1
and PT3), while highest presence of this plant on water, indicated
lowest DOC.

Profundal zones tend to homogeneity and oxygen depletion,
especially in stratified lakes. Still the littoral zone presents more
spatial heterogeneity, favoring biomass accumulation and greater
diversity. It makes the littoral zone to fluctuate more, requiring
population adaptations and fluctuations in reduced time (Tundisi &
Matsumura-Tundisi 2008).

Several studies show the relationship among productivity and
phosphorous and nitrogen availability, indicating the phosphorous
as limiting nutrient to this process (Schilling & Lockaby 2006).
Brauns et al. (2007) observed that while a community part was
related to organic matter and conductivity reduction, there was
another positively related to phosphorous. For these authors, the
relation with phosphorous infers about productivity and, therefore,
the macroinvertebrate’s composition was associated to system
productivity. Lenat & Rawford (1994) show that macroinvertebrates
abundance increases according to productivity in agricultural streams.
It is expected that the macroinvertebrate’s community variability be
great as more complex is the habitat, permitting a wild niche (Heino
2000, Harrison & Hildrew 2001).

The dominance displayed by Chironomidae and Oligochaeta
is common (Bazzanti et al. 2000, Abilio et al. 2005) including
its relationship to eutrophic environments (Buckup et al. 2007,
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O’Toole et al. 2008), since they are organisms with a wild plasticity
about available resources. Besides, another relevant factor are
these two groups biological features, like respiratory pigment
(hemoglobin) and body movement that optimizes the oxygen
catchment from environment (Higuti & Takeda 2002), even in very
depleted concentrations. According to Fuller & Cowell (1985) the
quironomids larvae are r-strategists and inhabit areas with a very
variable conditions range, what justifies their advantage among the
lake’s analyses.

Investigations about oligochaete’s abundance indicate higher
values of this taxon in lentic samples, especially in profundal zones
(sediment) (Milbrink et al. 2002), also occurring relationship between
the oligochaete’s abundance in accordance of organic pollution (Lang
1997, 1998). Corbi (2001) found that in oligotrophic reservoirs
the benthic fauna was composed of fewer than 20% oligochaetes,
whereas Pamplin (1999) registered a fauna composition of 73% by
oligochaetes in hypertrophic lentic habitats.

The taxonomic diversity shows sensibility when the communities
are exposed to habitat alterations or to any environmental stress
(Andrade 2009) like the ones in water quality. Among the analyzed
lakes, there were sample points classified as acceptable, to water
quality through the BMWP’ index (PT4 and PT15), which also had
the highest values to diversity index. According to Barbosa et al.
(2001) the presence of some groups like Baetidae, Odonata,
Ephemeroptera and Trichoptera is associated to macrophytes, so this
community reflects an elevated nutrients availability, and as already
mentioned, the Chironomidae dominance is, many times, associated
to environmental degradation (Fuller & Cowell 1985), the own
BMWP’s score is very low (1). Thus, the dataset presented here, be
the comparisons between the structure and community composition,
be the association of those with the physical and chemical water
characteristics or the water evaluation through saprobiotic index,
show that, these lakes, although the invertebrates colonization occurs,
have low degree of environmental integrity, selecting, this way, the
taxonomic groups found in each sample point.

Conclusions

The lakes presented different environmental conditions, and
especially about chemical variables, the variance was conducted
according to the connection to Iguagu River’s channel, besides
the macrophytes presence. The variable set was explained by
the ecosystem productivity. This factor was strongly influent on
distribution of macroinvertebrates community, even if we had not
significance difference among ecological indexes.
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Abstract: This study provides the first accurate records of Latrodectus geometricus C. L. Koch, 1841 for Uruguay
and extends the known distribution of this species to the Southeastern region of South America. Data and figures
of the genitalic morphology for the recognition of the species and natural history in this country are indicated.
In Uruguay L. geometricus was mainly restricted to urban areas at the west of this country and it is associated
with locations with high human activity.

Keywords: brown widow, spider, invasive alien species, Latrodectinae.

SIMO, M., DIAS, M.FR., JORGE, C., CASTRO, M., DIAS, M.A. & LABORDA, A. Habitat, redescripcion
y distribucion de Latrodectus geometricus en Uruguay (Araneae: Theridiidae). Biota Neotrop. 13(1): http://
www.biotaneotropica.org.br/v13n1/pt/abstract?short-communication+bn02813012013

Resumen: Este estudio reporta los primeros registros precisos de Latrodectus geometricus C. L. Koch, 1841 en
Uruguay y extiende la distribucion conocida de esta especie para la region sureste de Sudamérica. Datos y figuras
de las estructuras genitales para el reconocimiento de la especie e historia natural en este pais son indicados. En
Uruguay L. geometricus se encuentra principalmente restringida a areas urbanas del oeste de este pais y asociada
a sitios con elevada actividad humana.

Palabras clave: viuda marron, arafia, especie invasora, Latrodectinae.
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Introduction

The brown widow spider, Latrodectus geometricus C. L. Koch,
1841, is a medium spider of the family Theridiidae that belongs to a
species group of medical interest due to its neurotoxic venom effect
on human health (McCrone 1964, Fundagdo... 2001). Although
envenomations by L. geometricus are considered less severe than
those of other species of the genus (Vetter & Isbister 2008), the cases
reported vary from local to systemic damages (Cardoso et al. 2003,
Goddard et al. 2008, Kiriakos et al. 2008, Almeida et al. 2009). This
species has an affinity for human structures and residential buildings
(Bayram et al. 2008, Brazil et al. 2009, Vetter et al. 2012) where it
constructs a web of irregular shape. This web is characterized by the
presence of a retreat located at the top with a central disc and gumfoot
lines with fluff mass and balls of glue (Eberhard et al. 2008) The
round egg sacs show very characteristic protuberances of silk spikes
(Vincent et al. 2008). When this spider is disturbed, it will go to a
retreat located in the top of the web or exhibit a long thanatosis. These
behaviors, clearly not aggressive, contribute to the consideration
that L. geometricus is a Latrodectus species that is less dangerous to
humans (McCrone 1964, Brown et al. 2008).

Probably native from Africa, L. geometricus has expanded its
range around the world mainly in the last century as a consequence of
globalization (Garb et al. 2004), to becoming in a cosmopolitan spider
(Brown et al. 2008, Platnick 2013). Certainly human transport and
trade were the most important ways of dispersal (Garb et al. 2004).
Its adaptation to live in synanthropic habitats has also promoted its
expansion to new sites worldwide. From the 80s until today it has been
reported in Costa Rica, Hawaii, Australia, Japan, southern California
(USA), Indonesia, Papua, New Guinea, Israel, India, Pakistan and
Turkey (Garb et al. 2004, Eberhard et al. 2008, Vincent et al. 2008,
Bayram et al. 2008, Brown et al. 2008). In South America this species
has been reported from Argentina, Brazil, Chile, Colombia, Guyana,
Pert, Paraguay and Venezuela (Levi 1959, 1967, Abalos 1980,
Taucare-Rios 2011). In Uruguay the species was briefly reported
for the first time in an arachnological field guide (Aisenberg et al.
2011), but many aspects about the distribution and natural history of
this species in Uruguay were still unclear. In this paper we provide:
i, a diagnosis and a brief description of L. geometricus with data
for the recognition of both sexes; ii, the first precise records with
a distributional map; iii, data and comments about the habitats and
dispersal of this invasive species in Uruguay.

Materials and M ethods

We revised the theridid specimens deposited in the arachnological
collections of the Museo Nacional de Historia Natural (MNHN,
M. Sim¢) and Facultad de Ciencias, Universidad de la Republica
(FCE, M. Simo), both from Montevideo. These institutions conserve
the specimens of spiders collected in the last fifty years in a great
number of natural and modified habitats of Uruguay. Furthermore
we searched spiders in sampling field trips carried out in many cities
across the North, Center and South of the country between 2009 to
2011.These specimens were collected by hand, preserved in ethanol
(70%) and deposited in FCE. The identification of the exemplars was
done according to Levi (1967). Based on the georeferential data of
the records, we elaborated a distribution map of the species using
the program DIVA-GIS 7.4 (Hijmans et al. 2005). Measurements
are in millimeters.

Results

Latrodectus geometricus Koch, 1841

Latrodectus geometricus. C. L. Koch, 1841: 117, figure 684 (Type
from Colombia, South America).

http://www.biotaneotropica.org.br

Latrodectus geometricus: Bayram, Danysman, Yigit, Kunt &
Sankac 2008:99, figures 2-4; Aisenberg, Ghione & Toscano-Gadea
2011:121; Taucare-Rios 2011:40, Figure 1.

More information about the synonymic list, see Platnick (2013).

Diagnosis. Adults specimens of the brown widow Latrodectus
geometricus differs from the black widow Latrodectus mirabilis
Holmberg 1876 (for this species see Abalos 1980, Figures 1-13),
the other Uruguayan species of the genus, by the body coloration,
morphology of the copulatory organs and its adaptation to live in
urban habitats. Females can be distinguished by the dorsal brown
coloration of the abdomen with spots (Figure 1a) and by the presence
of lateral and posterior lips in the epigynum (Figure 1b). Males can

Figure 1. Latrodectus geometricus, female: a) dorsal view. Scale: 5 mm;
b) epigynum, ventral view. Scale: 0.25 mm.
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Figure 2. Latrodectus geometricus, male: a) dorsal view. Scale: 1 mm; b) bulb, ventral view. Scale: 0.25 mm.

be recognized by the dorsal longitudinal dark band of the abdomen
and by the embolus with four loops (Figure 2b).

Brief description. Female (Figure 1a). The coloration of the dorsal
abdomen varies from light brown to dark with spots that vary from
dark orange to white. In ventral view, it presents a longitudinal orange
area. The epigynum presents sclerotized lips situated posteriorly on
each side (Figure 1b). The vulva shows copulatory ducts coiled,
laterally projecting and spermatechae dumb-bell-shaped, with the
posterior end closer together (Levi 1967, Figure 58). Variation
(5 females): body length: 7.7-9.1; carapace width: 2.5-2.9; femur
I: 5.6-6.5.

Male (Figure 2a): The carapace is darker than that of the
corresponding female and the dorsal abdomen presents a longitudinal
dark band with lateral white spots. Ventral abdomen as in the
female. The bulb presents a long and coiled embolus with four loops
(Figure 2b). Variation (5 males): body length: 2.7-3.2; carapace width:
0.9-1.1; femur I: 2.4-2.9.

Material examined. We examined a total of 63 specimens of this
species, 43 females, 14 males and 6 immatures (I). Uruguay, Artigas,
Artigas city, February 1993, 19, A. Diestre (FCE 2958); 27-V-2010,
19, L. F. Garcia (FCE 2938); 31-V-2010, 19, L. F. Garcia (FCE
5824); 31-V-2010, 13, 29, L. F. Garcia (FCE 2939); Paysandu,
Constancia, 26-V-2012, 19, 11, A. Laborda (FCE 2959); Paysandu
city, 22-1V-2011, 34, 62, A. Laborda (FCE 2323); 29-111-2010, 24,
49, A. Laborda (FCE 2931); 08-V-2010, 27,49, 31, A. Laborda (FCE
2933); 08-V-2010,39, A. Laborda (FCE 2934); 30-VI-2012, 13, A.
Laborda (FCE 5820); 09-V-2010,4 9, A. Laborda (FCE 5823); 30-I11I-
2010, 19, A. Laborda (FCE 5825); 16-1X-2010, 14,39, M. Simé &
A. Laborda (FCE 2936); 03-1-2007, 14, 39, A. Laborda (FCE 2937);
29-111-2010, 19, A. Laborda (FCE 2960); Rio Negro, Nuevo Berlin,

http://www.biotaneotropica.org.br/v13n1/en/abstract?short-communication+bn02813012013

27-1V-2010, 34, 19, C. Perafan (FCE 5822); San Javier, 11-1V-2012,
19, A. Laborda (FCE 2955); Young, 15-VII-2012, 19, 1 I. Laborda
(FCE 2997); Salto, Salto city, Artigas square, 17-1X-2010, 49, 1J,
M. Sim¢, C. Jorge & A. Laborda (FCE 2932); Soriano, Route 14,
Arroyo Colold, In containment barriers, 24-1V-2010, 19, M. Sim6
& A. Laborda (FCE 2935).

Distribution. The specimens proceeded from urban localities in
the provinces of Artigas, Paysandd, Salto, Rio Negro and Soriano,
except one that was registered to one side of a route. The distribution
map (Figure 3) shows that this species is found from the northwest
to southwest of the country.

Habitat and natural history. Most individuals were observed in
urban environments outside houses, at gardens and parks (Figure 4a),
as well as at containment barriers located on both sides of the roads
(Figure 4b). The most common sites where the spiders constructed
their webs were at corners of windows, in wall crevices and under
park benches. The females mainly constructed their webs between
two meters high to near the ground with a retreat situated at the top
of'the web with a central area from where gumfoot lines are projected
to the substrate (Figure 4c). Thanatosis was observed when spiders
were disturbed (Figure 4d).

Discussion

The urban habitats occupied by Latrodectus geometricus in
Uruguay and the association of this species with synanthropic habitats
are similar to that indicated to from other cities as windows frames and
wall crevices in New Orleans and California in U.S.A. (Brown et al.
2008, Vetter et al. 2012) or under park benches in Yokohama, Japan
(Ono 1995). At the same time the web architecture is similar to that
described by Eberhard et al. (2008). The presence on the routes of

http://www.biotaneotropica.org.br
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Figure 3. Records of Latrodectus geometricus in Uruguay: urban localities
(asterisc) and route (black circle). Grey lines: main routes of the country.

L. geometricus in Uruguay would be associated with its ability to
disperse through human transport pathways, as has been mentioned
for other countries (Brown et al. 2008, Taucare-Rios 2011). The
find of this species only in Western Uruguay, the fact that it was not
found in the field trips carried out to the East, North and South of
this country and the lack of captures of this species before 1993 in
its actual distributional range in Uruguay, give a strong evidence that
its presence is a result of a recent invasion. In this sense the species
was reported to the neighboring countries, Brazil and Argentine,
several decades ago. Brown et al. (2008) reported that the presence
of L. geomerticus in New Orleans, U.S.A. was due to the accidental
transport by vehicles, ornamental plants and building materials. The
traffic of trade between countries was suggested by Taucare-Rios
(2011) as the way of invasion of this species to Chile. In the last
decades of twentieth century new terrestrial connections along the
Uruguay River were built and the transport of trade, vehicles and
people were highly increased between these countries. All these
considerations support the assumption that L. geometricus is in a
great expansion of its distributional range, as was reported for others
parts of the world (Garb et al. 2004). Recently, Vetter et al. (2012)
reported the frequent presence of the brown widow spider in urban
areas of southern California, USA, and the prevalence of this species
in cities, around buildings, in greater numbers than the native black
widow, Latrodectus hesperus Chamberlain & Ivie 19335, the latter
being more common in natural and agricultural areas. Similarly,
in Uruguay L. geometricus prevails in urban habitats in contrast to
the native L. mirabilis which lives in grasslands under stones or in
agricultural crops. Although L. geometricus shows non-aggressive
behavior and human envenomation by brown widow spiders are less
severe than those caused by other Latrodectus species (Brown et al.
2008, Vetter & Isbister 2008, Vetter et al. 2012), its presence in urban
habitats and its potential dispersal to other parts of Uruguay represents
a new agent of health and pest control interest in this country. The
high dependence of L. geometricus to live associated with humans
shows the potential condition of this species as a good bioindicator
to detect environmental disturbance in natural habitats.

http://www.biotaneotropica.org.br

Figure 4. Latrodectus geometricus in Uruguay: a) arrow indicating a wall
crevice, one site where individuals of this species can be easily found;
b) arrow indicating a containment barrier at the side of road, another habitat
of the species; ¢) the web, showing the retreat and two egg sacs; d) specimen
exhibiting thanatosis.
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Abstract: The subfamily Iguanodectinae comprises a group of small Neotropical fishes composed by two genera
and 11 nominal species widely distributed in the Atlantic drainages of South America. Piabucus is the only genus
of Iguanodectinae found in the Paraguay River basin, especially in the Pantanal of Mato Grosso State, where it is
represented by Piabucus melanostomus. Given the wide distribution and the low dispersion capacity of this species,
due the ecological constraints, it is possible that many interesting genetic features could be found in different
populations. In this way, the aim of his work was to perform the phylogeographic pattern of P. melanostomus
populations using mitochondrial DNA sequences. A total of 13 individuals from three rivers belonging the Mato
Grosso wetland were sampled. The ATP sintetase (subunits 6 and 8) gene was completely sequenced, the mean
of nucleotide base composition in the sequences was 31.2% (T), 30.2% (C), 26.9% (A) and 11.9% (G), with
no gene saturation. The population analysis in the TCS program generated a network with six haplotypes (A
to F), where the ancestral haplotype (A) has a frequency of 25% and is composed by individuals from Cuiaba
and Paraguay Rivers. The phylogenetic analysis showed the occurrence of two mtDNA lineages (1 and 2), the
distance observed between the two lineages was 0.6%. The phylogenetic and phylogeographic results as well as
the negative values of Fist for some populations, indicate a possible occurrence of gene flow among the analyzed
populations. These results highlights the importance of flood pulse existent on wetland as a vehicle that permits
a temporary connection among isolated population maintaining the species genetic variability.

Keywords: flood pulse, genetic diversity, gene flow, haplotypes.

BORBA, R.S., SILVA, E.L., PONZETTO, J.M., POZZOBON, A.P.B., CENTOFANTE, L., ALVES, A.
L. & PARISE-MALTEMPI, P.P. Estrutura genética da espécie de peixe ornamental tetra Piabucus
melanostomus Holmberg, 1891 (CHARACIDAE, IGUANODECTINAE) do Pantanal brasileiro inferida
por sequéncias de DNA mitocondrial. Biota Neotrop. 13(1): http://www.biotaneotropica.org.br/v13nl/pt/
abstract?article+bn00413012013

Resumo: A subfamilia Iguanodectinae compreende um grupo de pequenos peixes neotropicais composta de dois
géneros e 11 espécies nominais amplamente distribuidas nas drenagens do Atlantico da América do Sul. Piabucus
¢ 0 Unico género de Iguanodectinae encontrado na bacia do rio Paraguai, especialmente no Pantanal de Mato
Grosso, onde ¢ representada por Piabucus melanostomus. Dada a ampla distribui¢ao e a baixa capacidade de
dispersdo desta espécie, devido as limitagdes ecologicas, ¢ possivel que caracteristicas genéticas interessantes
possam ser encontradas em diferentes populacdes. Deste modo, o objetivo deste trabalho foi estabelecer os padrdes
filogeograficos de populagdes de P. melanostomus utilizando sequéncias de DNA mitocondrial. Foram amostrados
13 individuos de trés rios pertencentes ao Pantanal do Mato Grosso. O gene ATP sintetase (subunidades 6 e 8)
foi completamente sequenciado, a média da composicdo de base de nucleotideos nas sequéncias foi de 31,2%
(T), 30,2% (C), 26,9% (A) e 11,9% (G), ndo havendo saturagdo. A analise populacional no programa TCS gerou
uma rede com seis haplotipos (A a F), onde o haplétipo ancestral (A) tem uma freqiiéncia de 25% e é composto
por individuos dos rios Cuiaba e Paraguai. A analise filogenética mostrou a ocorréncia de duas linhagens de DNA
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(1 e 2), a distancia observada entre as duas linhagens foi de 0,6%. Os resultados filogenéticos e filogeograficos,
bem como os valores negativos de FST para algumas populagdes, indicam uma possivel ocorréncia de fluxo de
genes entre as populagdes analisadas. Estes resultados destacam a importancia do pulso de inundagdo existente
em zonas umidas como um veiculo que permite uma conexao temporaria entre a populacdo isolada, mantendo

a variabilidade genética das espécies.

Palavras-chave: pulso de inundagdo, divergéncia genética, fluxo génico, haplotipos.

Introduction

Iguanodectinae is a small characid subfamily composed by
11 nominal species in two genera: /guanodectes (Cope 1872) and
Piabucus (Oken 1817). It is comprised by fishes with elongated
bodies basally-contracted, multicuspid teeth, gill-membranes united
and free from the isthmus, and the genera are distinguished by the
presence of a long pectoral fin, and a well-developed pectoral keel
(Moreira 2003). These fishes are distributed in the Amazon (including
its main tributaries), Orinoco, Paraguay, and Tocantins River basins,
as well as the coastal drainages from the Gulf of Paria (Venezuela)
to immediately south of the mouth of the Amazon River (Vari 1977).

The Pantanal wetland corresponds to an extensive alluvial plain
drained by the Paraguay River and its tributaries, one of the largest
sedimentary plains of the globe. This region is subject to seasonal
flooding that vary in intensity, extent and permanence (Silva &
Abdon 1998, Silva 2002). The area covered and the predominance
of the flood pulse dictate the availability of habitats and food for
fish, crustaceans, birds, reptiles, mammals, aquatic plants and semi-
aquatic, conditioning their abundance and their reproductive behavior
(Bonetto et al. 1981, Catella 1992, Cordiviola de Yuan 1992, Junk &
Bayley 1989, Campos 1991, Mauro 1993).

This phenomenon is one of the factors governing the local
biodiversity, favoring animal and vegetal species related to both flood
and drought (Calheiros & Ferreira 1997). Alternatively, the presence
of temporary lakes can isolate populations during certain time, and
also put together another one favoring the gene flow among these
populations. Due to these characteristics, this system is considered
one resource of the biodiversity and fresh water of the planet due
of their importance and their exposure to environmental threats
(Gongalves et al. 2011).

The Piabucus is the only genus of Iguanodectinae found in the
Paraguay River basin, mainly in Pantanal of Mato Grosso, and the
only species occurring in this region is Piabucus melanostomus
(Britski et al. 2007) (Figure 1). This is an omnivorous species,
feeding on higher plants, algae, invertebrates, and detritus, inhabits
lentic water bodies formed by the temporary overflow of major rivers
and generally is associated with macrophytes that provide food and
shelter (Pereira & Almeida 1998). However, the other biological
aspects of this species are very scarce. The Piabucus species are the
largest used as ornamental fish in Brazil and other countries, and are
representative of the fishes group called “tetra”.

Genetic studies in Iguanodectinae are very limited, so that
studies concerning phylogenetic and phylogeographic relationships

Figure 1. Sample of Piabucus melanostomus, collected in Paraguay river.

http://www.biotaneotropica.org.br/v13nl/en/abstract?article+bn00413012013

of species and populations belong to the subfamily are inexistent.
Published data only includes details of the haploid number (n = 25)
in Iguanodectes spilurus Gunther, 1864 (Scheel 1973), estimates of
nuclear DNA content for P. melanostomus (Carvalho et al. 2002) and
arecent cytogenetic characterization in P. melanostomus (Silva et al.
2011), the subject of this study.

The wide distribution and low dispersion capacity of
P. melanostomus associated with the water dynamic in the Pantanal
wetland region may represent an interesting model of local
phylogeographic study. In this study it was analyzed the mitochondrial
DNA sequences from individuals of P. melanostomus aiming to
observe the existence of genetic variations among populations found
in the wetland region related to gene flow and discuss the results
based on the influence of the flood pulse characteristic of this region.

Materials and Methods

A total of 13 individuals of Piabucus melanostomus from
three rivers of the Mato Grosso wetland (Figure 2) were sampled:
Bento Gomes River (5 individuals), Cuiaba River (2 individuals)
and Paraguay River (6 individuals) (Table 1). Astyanax fasciatus,
A. bockmani and A. paranae from Parana River basin were used
as outgroup. The specimens were deposited in the ichthyological
collection of Laboratério de Citogenética, Universidade Estadual
Paulista (UNESP, Rio Claro, Brazil).

DNA was extracted with the phenol-chloroform-isoamyl alcohol
technique (Sambrook & Russell 2001). PCR amplification of the
ATPase 6/8 gene region was obtained from a volume of 13.5 mL
of a solution containing 6.25 mL of PCR Mix (Quiagen), 5.25 mL
of Milli Q water, 0.5 pL primer F (10 pM), 0.5 mL of primer R
(10 uM) and 1.0 mL of template DNA (200 ng). PCR was performed
in a thermocycler (Eppendorf Mastercycler) and consisted of the
following cycling conditions: an initial cycle of denaturation at 94 °C
for 40 s, followed by 35 cycles at 94 °C for 30 s, annealing at 55 °C
for 40 s, chain extension at 68°C check temperature extension for 2
minutes, and a final extension at 72 °C for 5 minutes. The following
set of primers was used: L8331 (5'-AA GCR TYR GCC TTT TAA
GC-3") and H9236 (5'-GTT AGT GGT CAK GGG CTT GGR TC-
3") (Perdices et al. 2002). The amplified DNA segments were run on
1% agarose gel and visualized in ultraviolet light. The quantification
of the amplified gene products was performed using the molecular
weight marker Lambda () DNA 50 ng and 30 ng. For the sequence
analysis, the amplified DNA was purified with the EXOSAP enzyme
and subsequently sequenced (MacroGen, Korea).

The saturation analysis of data was performed using the
Dambe 4.5.8 (Xia & Xie 2001) by plotting the transitions (s) and
transversions (v) against genetic divergence estimated by the model
of sequence evolution “Felsenstein 84.”Model Test 3.06 (Posada &
Crandall 1998) was used to find the best fitting evolution model for
our data. The model selected by the Akaike criterion was GTR+I+G
(empirical base frequencies A=0.3338, C=0.3053, G=0.1023,
T=0.2586; substitution rates: A-C=1.77, A-G=36.7617, A-T=0.5967,
C-G=2.1775, C-T=17.2043, G-T=1.0). These parameters were used
to estimate Maximum Likelihood (ML) distances in the Neighbor-
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Figure 2. Sites sample of Piabucus melanostomus in the Upper Paraguay River, evidencing the haplotypes correspondents for each location (the gray parts
correspond to flooded area). Modified from Golovatch et al. (2005).

Table 1. Identification of Piabucus melanostomus specimens collected, respective collection points at the Paraguay River basin and their haplotypes and

mtDNA lineage.

Individual code Basin Locality Haplotype mtDNA lineage
Paraguay 1 Paraguay Paraguay river A 1
Paraguay 2 Paraguay Paraguay river D 1
Paraguay 3 Paraguay Paraguay river A 1
Paraguay 4 Paraguay Paraguay river B 1
Paraguay 5 Paraguay Paraguay river B 1
Paraguay 6 Paraguay Paraguay river B 1

Bento 1 Paraguay Bento Gomes river E 2
Bento 2 Paraguay Bento Gomes river C 1
Bento 3 Paraguay Bento Gomes river E 2
Bento 4 Paraguay Bento Gomes river E 2
Bento 6 Paraguay Bento Gomes river F 2
Cuiaba 1 Paraguay Cuiaba river A 1
Cuiaba 2 Paraguay Cuiaba river E 2

http://www.biotaneotropica.org.br
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Joining (NJ) analyses in PAUP*, with 1,000 bootstrap replicates. The
maximum parsimony (MP) analysis was performed using heuristic
searches with tree-bisection-reconnection (TBR) branch swapping
and 10 random-taxon-addition replicates.

To evaluate the association among haplotypes and their
geographical distribution the program TCS v1.21 was used, this
program uses statistical parsimony (Clement et al. 2000). The genetic
structure of populations was measured by Fs¢ values with the aid of
ARLEQUIN 3.11 (Excoffier et al. 2005).

Results and Discussion

The alignment of the ATPase 6/8 gene sequences revealed
834 conserved and 9 variable base pairs, of which 5 were informative
for the Maximum Parsimony analysis. The mean of nucleotide base
composition in the sequences was 31.2% (T), 30.2% (C), 26.9% (A)
and 11.9% (G), with no gene saturation.

The population analysis in the TCS program generated a network
with six haplotypes (A to F), where the ancestral haplotype (A) has a
frequency of 25% and is composed by individuals from Cuiaba and
Paraguay Rivers. The haplotype “E” is the most frequent (33.3%) and
is composed by individuals from Bento Gomes and Cuiaba Rivers.
The remaining individuals are distributed in haplotypes B, C, D and
F (see Table 1). The haplotype sharing event was observed in “A”
with Cuiaba and Paraguay populations and “E” with Bento Gomes
and Cuiaba populations (Figure 3) (Table 1).

>

Figure 3. Haplotype network performed through TCS program.

Table 2. Fist values of pairs of the sampled population.

The sharing of haplotypes A and E in the Cuiaba River can be
associated with historical and seasonal events. Specifically in the case
of the E haplotype the sharing can be explained by the temporary
union in the flood season from Bento Gomes and Cuiab4 Rivers due
to their proximity. The presence of the haplotype shared between
the Paraguay and Cuiaba Rivers can be considered derived from an
ancient gene flow mainly by the large geographical distance between
these two points. The Cuiaba River is considered one of the most
important tributaries of the Paraguay River and has its mouth located
approximately 130 km downstream from the collection point in the
Paraguay River. Whereas P. melanostomus is a non-migratory specie
and restricted to environment of slower waters, the own Paraguay
River may act as a barrier to gene flow, as already described for the
species Oligosarcos hepsetus (Centofante et al. 2006).

The phylogenetic analysis showed the occurrence of two mtDNA
lineages: The first one (1) with individuals from populations of
Paraguay, Bento Gomes and Cuiaba Rivers, and the second (2) with
individuals from populations of Bento Gomes and Cuiab4 Rivers.
The topology of the phylogenetic tree of two methods (NJ and MP)
was similar and the variations observed were related to the bootstrap
values (Figure 4). The genetic distance performed within mtDNA
lineages showed for lineage “1”, 0.1% and for lineage “2”, 0.2%. The
distance observed between the two lineages was 0.6%.

The Fst (Table 2), phylogenetic and phylogeographic results
highlight the presence of gene flow among some populations of
P. melanostomus. This fact is due to the haplotype sharing between
individuals of Paraguay and Cuiaba Rivers and individuals from

Cuiaba 1
Paraguay 2
Paraguay 1

63/57 Paraguay 3

Bento Gomes 2
Paraguay 5

100/100 Paraguay 4

Paraguay 6
Bento Gomes 6

Bento Gomes 3

61/64 Bento Gomes 4

Bento Gomes 1
Cuiaba 2

82/55

—— A. bockmani
99/93'— A. paranae
A. fasciatus

Figure 4. Phylogenetic tree based on the ATPase 6/8 mitochondrial gene
using NJ and MP methods. Numbers on branches represents bootstrap values
for NJ, MP.

Bento 1 Bento 2 Cuiaba 1 Cuiaba 2 Paraguay 1 Paraguay 2
Bento 1 0.00000 - - - - -
Bento 2 0.64706 0.00000 - - - -
Cuiaba 1 0.25000 0.00000 0.00000 - - -
Cuiaba 2 0.25000 0.00000 —1.00000 0.00000 - -
Paraguay 1 0.66667 0.20755 —0.20000 —0.20000 0.00000 -
Paraguay 2 1.00000 0.64706 0.64706 0.64706 0.66667 0.00000
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Bento Gomes and Cuiaba Rivers. In addition, the relative low genetic
distances observed among populations indicate that the variation in
the mitochondrial sequences may be too recent.

Since the Pantanal wetland is characterized by seasonal flood
area, in the low water season, the fishes begin to form groups, due
to contraction of the environment (Ribeiro & Petrere, 1990). For this
reason it is possible to find some peculiarities in different populations.
Silva et al. (2011) e.g., observed potential NOR chromosome
markers for populations of Paraguay River, so it can be suggested
that the sharing of haplotypes between individuals of Paraguay and
Cuiaba Rivers is due to the same seasonal phenomena. Similarly
geomorphologic and climatic events through time have influenced
the genetic composition of population in the Rio Negro basin. In this
basin Cooke et al. (2009) observed high levels of polymorphism in
different populations of Paracheirodon axelrodi.

These results highlight the importance of flood pulse existent
on wetland as a vehicle that permits a temporary connection among
isolated population maintaining the genetic variability.
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Abstract: An inventory of Cerambycinae for the state of Mato Grosso, in particular the region of Sinop and
Claudia, is presented. Thirty four species, distributed in 32 genera, are recorded for the state. Among them, four
are new records for Mato Grosso: Anoplomerus rotundicollis G.-Méneville, 1844; Juiaparus mexicanus (Thomson,
1861); Poeciloxestia ochrotaenia (Bates, 1870); Thoracibidion ruficaudatum (Thomson, 1865).
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Resumo: Um inventario dos Cerambycinae para o Estado de Mato Grosso, em especial a regido de Sinop e
Claudia, ¢ apresentado neste trabalho. Trinta e quatro espécies, distribuidas em 32 géneros, sdo registradas para o
estado. Entre elas, quatro sdo novos registros para o Mato Grosso: Anoplomerus rotundicollis G.-Méneville, 1844;
Juiaparus mexicanus (Thomson, 1861); Poeciloxestia ochrotaenia (Bates, 1870); Thoracibidion ruficaudatum
(Thomson, 1865).

Palavras-chave: insecta, inventdrio, Amazonia Matogrossense.
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Introducao

Nos tropicos, os coledpteros sdo abundantes e responsaveis
por grandes prejuizos em espécies florestais, sobretudo insetos das
familias Curculionidae e Cerambycidae, pois estes desempenham
papel importante na degradagdo da madeira (Gray 1972).

Antes do século XX, as maiores contribuigdes para o conhecimento
das espécies da Amazoénia brasileira foram, segundo Martins et al.
(2000), realizadas por Adam White (Catalogue of the coleopterous
insects in the collection of the British Museum) e Henry Walter
Bates com a série (Contributions to an insect fauna of the Amazon
Valley). Durante o século XX, um nimero muito grande de espécies
foi descrita da regido Amazonica, suplantando, e muito, aquelas
descritas por Bates. Essas descri¢des iniciaram-se com Christopher
Aurivillius, no inicio do século, com espécies do Peru, Bolivia
e Brasil (regido amazonica). Ao longo do século, varios autores
acrescentarem espécies, bem como efetuaram revisdes desses
taxons. Rodrigues et al. (2006) relataram que o grupo ¢ relativamente
bem estudado, porém sdo escassos os trabalhos sobre a fauna de
Cerambycidae para os principais biomas do pais. Como exemplo
desses trabalhos, podemos citar Maia et al. (2003), 66 espécies de
Cerambycidae sendo 30 de Cerambycinae para a Caatinga; Galileo &
Martins (2006), para o Parque Copesul de Protecdo Ambiental (RS);
Monné et al. (2009a), 293 espécies de Cerambycinae para o Parque
Nacional do Itatiaia (RJ); Monné et al. (2009b), 571 espécies para a
regido da Mata Atlantica do Estado do Rio de Janeiro; e Martins et al.
(2009), 61 espécies para o cerrado maranhense e para a Regido
Amazodnica, Souza & Silva (2012) registraram 61 espécies com 33
novos registros para o estado de Rondonia.

Os Cerambycinae caracterizam-se pelas tibias anteriores
inteiramente roligas, desprovidas de sulco, pelo tltimo segmento dos
palpos frequentemente truncado no apice, subtriangular, pela cabeca
com fronte relativamente estreita e pouco inclinada em relagdo ao
vértice, raramente vertical. Woldan (2007) relata que, de forma geral,
Cerambycidae é reconhecida devido as suas longas antenas, embora
alguns géneros como, Parandra Latreille, 1802 ¢ Hypocephalus
Desmarest, 1832, tenham antenas bem mais curtas (Lima 1955).
Essencialmente sdo fitofagos e com larvas xilofagas (Martins 1997).
Algumas espécies apresentam consideravel importancia econdmica
por possuirem larvas broqueadoras de plantas cultivadas. No entanto,
a subfamilia também ¢ importante no ciclo de nutrientes em seus
habitats (Monné 2001). Devido a estreita relagdo com os recursos que
utilizam, monofilias e especificidades quanto as relagdes ambientais
e comportamentais, tornam-os candidatos a bioindicadores (Person
1994). Desta forma, Este trabalho visa fornecer subsidios para futuros
estudos envolvendo a diversidade de Cerambycinae da regido norte
do Estado de Mato Grosso.

Material e Métodos

Os cerambicideos listados neste trabalho foram coletados no
periodo 2008-2010, em duas areas florestais [Fazenda Continental
(11° 34°54.0” S ¢ 55° 17° 15.6” W), no municipio de Claudia ¢ na
Chécara Shalom (11° 87720.9” S e 55° 47’ 48.6” W), no municipio
de Sinop]. As coletas foram realizadas no periodo noturno, com
utilizagdo de armadilha luminosa Tipo “Luiz de Queiroz” (lampada
fluorescente de 20W).

No laboratorio de entomologia da UFMT, Campus Universitario
de Sinop, os insetos foram triados, montados e separados para
identificagdo das espécies. Essa ultima etapa foi realizada pelo
Dr. Miguel A. Monné do Museu Nacional, Universidade Federal
do Rio de Janeiro, Rio de Janeiro (MNRJ) e o material estudado
esta depositado na colecdo entomoldgica do Acervo Biologico
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da Amazonia Meridional da UFMT, sob numeros de registro
ABAM — E’, conforme apresentado no resultado.

Alista ¢ apresentada em ordem alfabética de género e espécie ¢ as
referéncias bibliograficas para cada espécie seguem preferencialmente
os catalogos e/ou checklist de Cerambycidae (Monné 2005, 2006,
Monné & Bezark 2011) embora outras tenha sido utilizadas. A
distribuicdo geografica de cada espécie segue as fontes mencionadas
acima, bem como outras complementares e posteriormente
adicionadas. Adotou-se o procedimento de indicar os paises cuja
ocorréncia ja tenha sido mencionada e, no caso do Brasil, quando
possivel, buscou-se apresentar os estados de ocorréncia. Vale ressaltar
que a presente lista ndo relaciona todas as espécies anteriormente
citadas para o Estado, mas sim, apenas aquelas coletadas durante o
estudo. Também, devido a divisdo do Estado (Mato Grosso e Mato
Grosso do Sul), citagdes antigas, nas quais ndo ha uma localidade
precisa, ndo podem ser confirmadas para o atual Estado do Mato
Grosso.

Resultados

Do total de 64 insetos coletados, 32 espécies foram identificadas
(59 exemplares) e apenas cinco insetos foram identificados a nivel
de género, 4 exemplares de Eburodacrys White, 1853 e 1 exemplar
de Mionochroma Schmidt, 1924,

Registramos como nova ocorréncia para a regidao de Sinop e
Claudia, no Estado de Mato Grosso, as espécies: Anoplomerus
rotundicollis G.-Méneville, 1844; Juiaparus mexicanus (Thomson,
1861); Poeciloxestia ochrotaenia (Bates, 1870); Thoracibidion
ruficaudatum (Thomson, 1865).

Diversos fatores podem determinar a diversidade das espécies.
Silveira (2010) relata que em uma escala mais ampla, os mecanismos
mais influentes na adi¢ao e manutengao da diversidade de organismos
associados sdo a area e a heterogeneidade do habitat. Da mesma
forma, a variagdo quanto a diversidade de espécies pode ser atribuida
as caracteristicas proprias de cada local, em especial ao tipo de
vegetacdo, sua conservacdao e quantidade e idade de material em
decomposicao. A diversidade de cerambicideos ¢ elevada em florestas
secundarias. As possiveis causas da elevada riqueza de espécies em
povoamentos humanos jovens incluem grandes quantidades de restos
de madeira e flores, que sdo recursos para oviposi¢ao e alimentacéo
para os adultos. A abertura do dossel e a variedade de plantas
hospedeiras também influenciam a diversidade (Makino et al. 2007).

CERAMBYCINAE

1. Achryson surinamum (Linnaeus, 1767)

Distribuigdo: Estados Unidos, México, América Central, Porto
Rico, América do Sul, Brasil (Rondénia, Goias, Mato Grosso,
Maranhdo, Piaui, Alagoas, Sergipe, Bahia, Minas Gerais, Rio de
Janeiro, Rio Grande do Sul).
Material examinado: BRASIL, Mato Grosso: Claudia,
21.VIL.2010, (ABAM - E165).

2. Acyphoderes abdominalis (Olivier, 1795)

Distribui¢@o: Nicardgua ao Panama, Guiana, Suriname, Guiana
Francesa, Equador, Peru, Brasil (Amazonas, Goids, Mato Grosso),
Bolivia.

Material examinado: BRASIL, Mato Grosso: Claudia,
09.X.2009, (ABAM — E187).

3. Ambonus interrogationis (Blanchard, 1846)

Distribuicdo: Brasil (Distrito Federal, Goids, Mato Grosso,
Mato Grosso do Sul, Piaui, Cear4, Rio Grande do Norte, Paraiba,
Pernambuco, Bahia, Minas Gerais, Espirito Santo, Rio de Janeiro,
Sdo Paulo, Parand, Santa Catarina, Rio Grande do Sul), Bolivia,
Paraguai, Argentina.
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Material examinado: BRASIL, Mato Grosso: Sinop,
19.111.2010, (ABAM — E167).

4. Anoplomerus rotundicollis G.-Méneville, 1844

Distribuigdo: Brasil (Mato Grosso, Minas Gerais, Espirito
Santo, Rio de Janeiro, Sdo Paulo, Parana, Santa Catarina),
Paraguai, Argentina.

Material examinado: BRASIL, Mato Grosso: Sinop,
11.X.2008, (ABAM — E175).

5. Batus barbicornis (Linnaeus, 1764)

Distribui¢do: Venezuela, Guiana, Guiana Francesa, Colombia,
Equador, Peru, Brasil (Amapa, Amazonas, Para, Rondonia, Goias,
Mato Grosso), Bolivia.

Material examinado: BRASIL, Mato Grosso: Sinop,
11.X.2008, (ABAM — E161).

6. Ceragenia bicornis (Fabricius, 1801)

Distribui¢do: Venezuela, Guiana, Guiana Francesa, Suriname,
Equador, Peru, Brasil (Amazonia, Goias, Mato Grosso,
Maranhio), Bolivia.

Material examinado: BRASIL, Mato Grosso: Claudia,
11.X.2008, (ABAM — E180).

7. Chlorida festiva (Linnaeus, 1758)

Distribuicdo: Estados Unidos (Florida), América Central,
Porto Rico, Brasil (Amazonas, Ronddnia, Goias, Mato Grosso,
Maranhao, Piaui, Minas Gerais, Rio de Janeiro, Sdo Paulo, Rio
Grande do Sul), Argentina.

Material examinado: BRASIL, Mato Grosso: Claudia,19.
111.2009, (ABAM — E183).

8. Chydarteres dimidiatus dimidiatus (Fabricius, 1787)

Distribuicdo: Colombia, Guiana, Guiana Francesa, Brasil
(Amazonas, Par4, Piaui, Pernambuco, Bahia, Goias, Mato Grosso,
Minas Gerais, Espirito Santo, Rio de Janeiro, Sdo Paulo, Parana,
Santa Catarina, Rio Grande do Sul), Bolivia, Uruguai, Argentina.

Material examinado: BRASIL, Mato Grosso: Sinop,11.X.2008,
(ABAM - E162).

9. Coccoderus longespinicornis Fuchs, 1964

Distribui¢do: Venezuela, Guiana Francesa, Peru, Brasil
(Amapa, Amazonas, Para, Rondonia, Maranhdo, Piaui, Distrito
Federal, Goias, Mato Grosso, Mato Grosso do Sul, Minas Gerais).

Material examinado: BRASIL, Mato Grosso: Claudia,
27.X.2010, (ABAM — E163).

10. Coleoxestia rubromaculata (Gounelle, 1909)
Distribui¢ao: Honduras, Nicaragua-Colombia, Equador, Brasil
(Rondoénia, Goias, Mato Grosso).
Material examinado: BRASIL, Mato Grosso: Claudia,
19.111.2010, (ABAM — E174).

11. Dorcacerus barbatus (Olivier, 1790)

Distribuigdo: México, Brasil (Amazonas, Para, Goias, Mato
Grosso, Maranhdo, Ceara, Rio Grande do Norte, Pernambuco,
Alagoas, Sergipe, Minas Gerais, Rio de Janeiro, Sao Paulo,
Parana, Santa Catarina, Rio Grande do Sul), Argentina, Uruguai,
Paraguai, Peru, Bolivia, Guiana Francesa.

Material examinado: BRASIL, Mato Grosso: Sinop, 23.V.2009,
(ABAM - E171).

12. Drychateres bilineatus (Olivier, 1795)

Distribuigdo: Brasil (Rondonia, Goias, Mato Grosso, Paraiba
ao Rio Grande do Sul), Bolivia, Paraguai, Argentina, Uruguai.
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Material examinado: BRASIL, Mato Grosso: Claudia,
16.X.2009, (ABAM — E182).

13. Eburodacrys campestris Gounelle, 1909
Distribui¢do: Brasil (Para, Rondonia, Goias, Mato Grosso,
Maranhao, Piaui, Bahia a Sao Paulo), Paraguai, Argentina.
Material examinado: BRASIL, Mato Grosso: Sinop,
16.X.2009, (ABAM — E164).

14. Eburodacrys sp.

Material examinado: BRASIL, Mato Grosso: Sinop,11.X.2008,
(ABAM - E178).

15. Hexoplon uncinatum Gounelle, 1909

Distribui¢do: Guiana Francesa, Peru, Bolivia, Brasil
(Maranhao, Goias, Mato Grosso, Mato Grosso do Sul, Sdo Paulo),
Paraguai, Argentina.

Material examinado: BRASIL, Mato Grosso: Claudia,
16.X.2009, (ABAM — E172).

16. Juiaparus batus batus (Linnaeus, 1758)

Distribuicdo: México ao Panama, Venezuela, Colombia,
Guiana Francesa, Guiana, Suriname, Trinidad e Tobago Brasil
(Amazonas, Amapa, Para, Rondonia, Goias, Mato Grosso,
Maranhao, Ceara, Paraiba, Alagoas, Sergipe, Bahia).

Material examinado: BRASIL, Mato Grosso: Claudia,
23.V.2009, (ABAM — E189).

17. Juiaparus mexicanus (Thomson, 1861)

Distribuig¢do: Colombia, Guiana Francesa, Peru, México ao
Brasil (Amazonas, Para, Mato Grosso, Maranhao, Ceara, Paraiba,
Pernambuco, Bahia, Minas Gerais, Espirito Santo, Rio de Janeiro,
Sao Paulo, Parand, Santa Catarina, Rio Grande do Sul), Bolivia.

Material examinado: BRASIL, Mato Grosso: Claudia,14.
1X.2008, (ABAM — E185).

18. Macrambyx suturalis (Gory, 1832)

Distribuicao: Guiana Francesa, Peru, Equador, Brasil (Amapa,
Amazonas, Pard, Mato Grosso).

Material examinado: BRASIL, Mato Grosso: Sinop,
11.X.2008, (ABAM — E170).

19. Malacopterus tenellus (Fabricius, 1801)

Distribui¢@o: Estados Unidos, México, América Central e
Antilhas (Cuba, Guadalupe), Colombia, Venezuela, Guiana,
Suriname, Peru, Brasil(Amazonas, Para, Mato Grosso), Bolivia,
Republica Dominicana.

Material examinado: BRASIL, Mato Grosso:
Claudia,11.X.2008, (ABAM - E173).

20. Mallocera amazonica Bates, 1870

Distribui¢do: Trinidad e Tobago, Guiana Francesa, Equador,
Peru, Brasil (Amazonas, Para, Rondonia, Maranhdo, Goias, Mato
Grosso), Bolivia.

Material examinado: BRASIL, Mato Grosso: Claudia,
16.X.2009, (ABAM — E186).

21. Mionochroma sp.
Material examinado: BRASIL, Mato Grosso: Sinop,
11.X.2008, (ABAM - E197).
22. Neomegaderus stigma (Linnaeus, 1758)

Distribuigdo: Nicaragua, Bolivia, Brasil (Goias, Mato Grosso,
Maranhao, Ceara, Paraiba, Pernambuco, Bahia, Minas Gerais,
Espirito Santo, Rio de Janeiro, Sao Paulo), Argentina, Uruguai,
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Guiana Francesa, Costa Rica, Antilhas, Paraguai, Panama,
Colombia, Peru, Panama, Suriname.

Material examinado: BRASIL, Mato Grosso: Claudia,
27.X.2010, (ABAM — E166).

23. Neotropidion nodicolle nodicolle (Dalman, 1823)

Distribui¢@o: Venezuela, Guiana Francesa, Equador, Peru,
Brasil (Amazonas, Acre, Para, Rond6nia, Mato Grosso, Bahia
a Sao Paulo), Bolivia.

Material examinado: BRASIL, Mato Grosso: Claudia,
14.1X.2008, (ABAM - E169).

24. Nyssicus quadriguttatus (Swederus, 1787)

Distribuicdo: Guiana Francesa, Equador, Peru, Brasil
(Amazonas, Para, Rondonia, Mato Grosso).

Material examinado: BRASIL, Mato Grosso: Sinop,
11.X.2008, (ABAM — E201).

25. Oxymerus basalis (Dalman, 1823)

Distribui¢do: Martinica, Venezuela, Guiana Francesa, Peru,
Brasil (Amazonas, Para, Rondonia, Goias, Mato Grosso,
Maranhao, Ceara a Sao Paulo),

Material examinado: BRASIL, Mato Grosso: Sinop, 23.V.2009,
(ABAM — E192).

26. Paranyssicus conspicillatus (Erichson, 1847)

Distribui¢do: Guiana Francesa, Peru, Brasil (Amazonas, Pard,
Rondoénia, Maranhdo, Mato Grosso, Goids), Bolivia, Equador.

Material examinado: BRASIL, Mato Grosso: Sinop,
16.X.2009, (ABAM — E179).

27. Poeciloxestia ochrotaenia (Bates, 1870)

Distribui¢do: Brasil (Amazonas, Para, Mato Grosso).
Material examinado: BRASIL, Mato Grosso: Sinop, 23.V.2009,
(ABAM - E176).

28. Sphallotrichus puncticollis puncticollis (Bates, 1870)

Distribui¢ao: Guiana Francesa, Brasil (Amapa, Amazonas,
Para, Mato Grosso).

Material examinado: BRASIL, Mato Grosso: Sinop,
19.111.2010, (ABAM — E168).

29. Susuacanga unicolor (Bates, 1870)

Distribuigdo: Venezuela, Colombia, Brasil (Acre, Amazonas,
Para, Rondonia, Ceara, Goias, Mato Grosso, Minas Gerais, Rio
de Janeiro, Sao Paulo,), Peru, Bolivia, Paraguai.

Material examinado: BRASIL, Mato Grosso: Claudia,
23.V.2009, (ABAM - E177).

30. Tapuruia felisbertoi Lane, 1973

Distribui¢@o: Guiana Francesa, Brasil (Amazonas, Para, Goias,
Mato Grosso), Bolivia.

Material examinado: BRASIL, Mato Grosso: Sinop, 23.V.2009,
(ABAM - EI181).

31. Thoracibidion ruficaudatum (Thomson, 1865)

Distribuicao: Venezuela, Guiana Francesa, Brasil (Amapa,
Amazonas, Pard, Rondonia, Mato Grosso), Peru.

Material examinado: BRASIL, Mato Grosso: Sinop,
14.1X.2008, (ABAM - E195).

32. Tobipuranga ruficoxis (Bates, 1870)

Distribuicdo: Equador, Peru, Brasil (Amazonas, Para,
Rondonia, Mato Grosso), Bolivia.
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Material examinado: BRASIL, Mato Grosso: Sinop,
11.X.2008, (ABAM — E207).

33. Trachyderes succinctus succinctus (Linnaeus, 1758)

Distribui¢do: Guadalupe, Costa Rica, Barbados, Nicaragua,
Honduras, Argentina, México, Costa Rica, Panama, Pequenas
Antilhas (Sao Martin, Guadalupe, Martinica), Trinidad e Tobago,
Grandes Antilhas (Sdo Tomas, Ilhas Virgens), Colémbia,
Venezuela, Suriname, Guiana, Brasil (Amapa, Para, Mato Grosso,
Maranhio, Piaui, Ceara, Paraiba, Pernambuco, Bahia, Minas
Gerais, Espirito Santo, Rio de Janeiro, Sdo Paulo, Rio Grande
do Sul), Equador, Peru, Bolivia.

Material examinado: BRASIL, Mato Grosso: Claudia,
11.X.2008, (ABAM — E215).

34. Tropidion subcruciatum (White, 1855)

Distribui¢do: Venezuela, Suriname, Guiana Francesa,
Coldmbia, Brasil (Amazonia, Goias, Mato Grosso, Mato Grosso
do Sul, Maranhdo, Paraiba ao Parand), Bolivia.

Material examinado: BRASIL, Mato Grosso: Sinop.
14.1X.2008, (ABAM — E198).
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Identificacdo das espécies brasileiras de Akodon
(Rodentia: Cricetidae: Sigmodontinae) através da microestrutura dos pelos

Fabiana Silveiral4, Ives José Shalqueiro? & Emygdio Leite de Araujo Monteiro-Filho'?

L aboratorio de Biologia e Ecologia de Vertebrados, Departamento de Zoologia,
Universidade Federal do Parand — UFPR, CP 19020, CEP 81531-980, Curitiba, PR, Brasil
2L aboratorio de Citogenética, Departamento de Genética, Universidade Federal do Parana — UFPR,
CP 19071, CEP 81531-980, Curitiba, PR, Brasil
SInstituto de Pesquisas Cananéia — IPeC, Rua Tristdo Lobo, 199, Centro,
CEP 11990-000, Cananéia, SP, Brasil
4Autor para correspondéncia: Fabiana Silveira, e-mail: fabianasilveira@ufpr.br

SILVEIRA, F.,, SBALQUEIRO, I.J. & MONTEIRO-FILHO, E.L.A. Identification of the brazilian species
of Akodon (Rodentia: Cricetidae: Sigmodontinae) through the microstructure of the hair. Biota Neotrop.
13(1): http://www.biotaneotropica.org.br/v13nl/en/abstract?article+bn00713012013

Abstract: There are 10 species of Akodon Meyen, 1833 in Brazil and most have some degree of geographic
overlap, even with records of sympatry between some species. The identification of the species is difficult and can
be performed by the analysis of the morphological structure of hair. Thus, in order to identify the microstructure
of the nine Brazilian species of Akodon, guard-hairs samples from zoological collections were used. We adopted
the method of analysis of the cuticle scales and medulla. The cuticle pattern for all species was narrow leaf
shaped. For the medulla three basic patterns have been recognized: alveolar multiseriate, multiseriate striped
and a mixture of alveolar and striped. Akodon cursor is the only species which has a predominance of four layers
of cells, the specimens 2n = 14 and 2n = 15 have an alveolar medulla and the specimen 2n = 16, has a striped
medulla and elongated cells. For Akodon paranaensis and A. lindberghi the medulla alternates between three
and four layers. The others species have three layers. Akodon mystax, have a larger spaces between the cells.
Akodon reigi shows an intermediary sector with layers of oval and well connected cells and for Akodon toba, the
cells of the central layer are found in one or two small alveolar layers. In the striped pattern, Akodon montensis
have narrow intercellular space in regard to the thickness of the cell. In a mixed pattern, Akodon azarae presents
cells with clear outline, and Akodon serrensis show cells with irregular shape. Thus, the use of the microstructure
of hairs as a tool for identification of the species of Akodon proved to be practicable.

Keywords: rodents, cuticle scales, guard hair, morphologie, medulla.

SILVEIRA, F., SBALQUEIRO, 1.J. & MONTEIRO-FILHO, E.L.A. Identificacio das espécies brasileiras de
Akodon (Rodentia: Cricetidae: Sigmodontinae) através da microestrutura dos pelos. Biota Neotrop. 13(1):
http://www.biotaneotropica.org.br/v13n1/pt/abstract?article+bn00713012013

Resumo: No Brasil ha 10 espécies de Akodon Meyen, 1833 e a maioria apresenta algum grau de sobreposicdo
geografica havendo inclusive registros de simpatia. A identificacdo das espécies ¢ dificil e pode ser feita pela
analise da estrutura morfoldgica de pelos. Assim, para a identificagdo da microestrutura de pelos de nove espécies
brasileiras de Akodon, foram utilizados pelos-guardas primarios de amostras de cole¢des zooldgicas. Foi adotado
o método de analise das escamas cuticulares e da medula. O padrio de cuticula para todas as espécies foi folidaceo
estreito. Ja para a medula foram reconhecidos trés padrdes basicos como multisseriada alveolar, multisseriada
listrada e misto de alveolar e listrada. Akodon cursor é a inica espécie com predominio de quatro fileiras sendo
que exemplares 2n = 14 ¢ 2n = 15 apresentam medula alveolar e o 2n = 16, medula listrada e células longilineas.
Para Akodon paranaensis e A. lindberghi a medula se alterna entre trés e quatro fileiras. As demais espécies
apresentam trés fileiras. Akodon mystax apresenta um maior espagamento entre as células. Akodon reigi possui o
setor intermediario com fileiras ovaladas ¢ bem ligadas ¢ Akodon toba tem as células da fileira central variando
com uma e duas células alveolares pequenas. No padrio listrado, Akodon montensis apresenta espago intercelular
mais estreito em relagdo a espessura da célula. No padrio misto, Akodon azarae apresenta células com contorno
evidente, ja Akodon serrensis as células apresentam formato irregular. Assim, o uso da microestrutura dos pelos
como ferramenta para a identificacdo das espécies de Akodon mostrou-se perfeitamente viavel.
Palavras-chave: roedores, escamas cuticulares, pelos-guarda, morfologia, medula.
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Introducéo

Os roedores pertencentes ao género Akodon Meyen, 1833, sdo
distribuidos por toda a América do Sul sendo representados por
41 espécies (Musser & Carleton 2005), cujos estudos na sua grande
maioria, sdo de carater sistematico e desenvolvidos na Argentina
(Del Valle & Busch 2003, Pereira et al. 2005, Pardifias & Teta 2007,
Braun et al., 2008, 2010, Pardifias 2009), no Brasil (Fagundes et al.
1998, Geise et al. 1998, Sbalqueiro & Nascimento 1996, Fagundes
& Nogueira 2007, Queirolo & Granzinolli 2009), na Bolivia (Myers
& Patton 1989a, Braun et al., 2008), no Chile (Simonetti et al. 1985,
Meserve etal. 1991, Antinuchi & Busch 2000), no Paraguai (Yahnke
2006, Braun et al., 2008) e, no Peru e Bolivia (Myers & Patton 1989b,
Myers et al. 1990).

Particularmente para o Brasil, sdo consideradas 10 espécies
(Paglia et al. 2012) e a exce¢do de A. toba (Thomas, 1921), todas
as espécies brasileiras apresentam algum grau de sobreposi¢ao em
suas areas de distribui¢do (Bonvicino et al. 2008), havendo inclusive
registros de simpatria (Fagundes et al. 1998, Geise et al. 1998) como
o que ocorre entre Akodon cursor (Winge, 1887) e Akodon montensis
(Thomas, 1913) nos estados do Rio de Janeiro, de Minas Gerais, de
Sdo Paulo e norte do Parand (Fagundes & Nogueira 2007) e, entre
A. lindberghi (Hershkovitz, 1990) ¢ A. cursor no Estado de Minas
Gerais (Geise et al. 1998).

A diferenciacdo dessas espécies ¢ feita com base em aspectos
morfolégicos incluindo a andlise de cranios (Geise et al. 2005,
Pardifias 2009, Braun et al., 2010) assim como com a utilizagdo de
técnicas genéticas, entre elas as andlises moleculares (Geise et al.
1998, Silva et al. 2006, Queirolo & Granzinolli 2009, Braun et al.,
2010). Entretanto, essas técnicas requerem investimentos maiores € se
tornam inviaveis na identifica¢@o individual em estudos de ecologia
de populagdes (Fagundes & Nogueira 2007).

Toda esta dificuldade na identificacdo ¢ comum para a maioria
dos roedores e deve ser considerada em estudos de cunho ecologico
onde ¢ fundamental a marcagdo e soltura dos animais (Lessa et al.
1999, Feliciano et al. 2002, Graipel et al. 2006), nos estudos de dieta
de carnivoros em que os roedores sdo frequentemente consumidos
(Bernarde et al. 2000, Magrini 2006, Martins et al. 2008, Rinaldi
2010) e até mesmo na identificacdo de espécimes em colegdes
cientificas na auséncia dos cranios, ocasidoes onde ¢ fundamental a
utilizagdo de técnicas rotineiras como, por exemplo, a identificagdo
de espécies através da estrutura morfologica de pelos. Esta técnica
¢ amplamente utilizada em diferentes partes do mundo (Keller
1986, Wallis 1992, Vanek & Keller 1993, Ingberman & Monteiro-
Filho 2006, Juarez et al. 2009, entre outros) e permite a utilizacdo
independente do pelo ser oriundo de animais vivos, ter passado por
diferentes tratamentos como os processos de decomposi¢ao, banho
acido no trato gastrintestinal ou até mesmo processos basicos de
taxidermia em colegdes cientificas (Quadros & Monteiro-Filho 1998).

Assim, considerando a grande dificuldade em diferenciar
morfologicamente as espécies de Akodon, somada a possibilidade
de ocorréncia de algumas espécies em simpatria ¢ de variagdes
cromossOmicas existentes dentro da mesma espécie (Fagundes &
Nogueira 2007), nosso intuito ¢ identificar nove espécies brasileiras
do género Akodon com base na microestrutura do pelo e avaliar
se ha alguma caracteristica morfoldgica do pelo que possa estar
relacionada com a conhecida variagdo cromossomica existente para
a espécie Akodon cursor.

Material e Métodos

As amostras de pelos foram coletadas de animais taxidermizados
e devidamente identificados de Akodon que ocorrem no Brasil, os
quais sdo provenientes dos acervos do Museu Nacional, Universidade
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Federal do Rio de Janeiro (MNRJ, Rio de Janeiro, RJ), Laboratorio de
Citogenética da Universidade Federal do Parana (LCUFPR, Curitiba,
PR) e acervo do professor Doutor Nilton C. Caceres da Universidade
Federal de Santa Maria (UFSM, URUCUM, JST, GE, JSE) (Tabela 1).
As amostras recebidas sdo de exemplares coletados em diferentes
localidades evitando assim a utilizagdo de caracteristicas que
pudessem representar potenciais variagdes geograficas. Para algumas
espécies ha um numero menor de amostras e isso se deve ao pequeno
numero de animais tombados nos acervos. Nao foi possivel obter
amostras de Akodon sanctipaulensis (Hershkovitz, 1990).

A coleta de pelos seguiu 0 método proposto por Quadros &
Monteiro-Filho (2006a) que consiste em retirar com os dedos, em
torno de dez pelos da parte dorsal entre as escapulas dos espécimes.
Os pelos foram acondicionados em envelopes de papel e identificados
com nome da espécie, dados da cole¢do de origem e informagéo
citogenética, quando existente.

Os pelos foram entdo lavados com alcool a 70% e sob uma lupa
foram escolhidos somente os pelos-guardas primarios, os quais foram
posteriormente secos em papel absorvente. Para as impressoes das
escamas cuticulares foi espalhada uma fina camada de esmalte incolor
em uma lamina, deixado secar por cerca de 30 minutos, depois os
pelos foram colocados sobre a fina camada de esmalte e prensados.
Buscando a secagem do esmalte e uma melhor impressao da cuticula,
os pelos foram retirados apo6s 12 horas e examinados em sua haste
(que ¢ a parte proximal do pelo em relagao a epiderme, delgada e
varia entre reta e ondulada, cf. Quadros & Monteiro-Filho 2006b).
Apo0s a secagem, os pelos foram retirados com os dedos ¢ imersos em
agua oxigenada cremosa comercial 30 volumes por 80 minutos com
o proposito de diafaniza-los para a analise morfologica da medula no
escudo (parte mais alargada e situa-se entre a haste e a extremidade
distal do pelo, cf. Quadros & Monteiro-Filho 2006b). Estes pelos
foram entao lavados e depois montados entre 1dmina e laminula tendo
como meio de montagem Entelan. Para obter um melhor resultado
na diafanizagao, alguns pelos foram lavados em agua com detergente
para a retirada de residuos de gordura, que impediria a perfeita
diafanizag@o. Para a diagnose correta foi necessaria a utilizagdo de
no minimo cinco pelos de cada amostra. Para a visualizagao das
impressdes cuticulares e da medula foi utilizado microscopio optico
nos aumentos de 100x e 400x.

Devido a ocorréncia de variagao do nimero cromossomico para a
espécie A. cursor, trés exemplares com 2n = 14, sete exemplares com
2n = 15 e quatro exemplares com 2n = 16 foram analisados visando
a testar se estas variagdes cromossdmicas poderiam ser detectadas
também na morfologia dos pelos.

Para a descri¢do da medula e cuticula foi utilizado os padrdes
descritos por Quadros & Monteiro-Filho (2006b).

Resultados

Foram analisadas 54 amostras de nove espécies brasileiras
do género Akodon e o niimero de amostras variou de acordo com
a disponibilidade de exemplares nas cole¢des. Para A. mystax
(Hershkovitz 1998), A. toba (Thomas 1921), A. reigi (Gonzélez et al.
1998), A. lindberghi (Hershkovitz 1990) foram obtidas duas amostras
de cada, A. azarae (Fischer 1829) quatro amostras, A. paranaensis
(Christoff et al. 2000) sete amostras, A. serrensis (Thomas, 1902)
nove amostras, A. montensis (Thomas 1913), dez amostras e A. cursor
(Winge 1887) 16 amostras.

O padrao de cuticula registrado para as nove espécies brasileiras
estudadas do género Akodon foi folidaceo estreito (Figura 1). De
uma maneira geral, a morfologia da medula também ¢ bastante
parecida, mas permite o reconhecimento de trés padrdes basicos
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Tabela 1. Espécies analisadas, local de coleta das amostras e acervos de deposito.
Table 1. Analyzed species, location of sample and collection of reference.
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Espécie

Local de coleta

Acervo de depdsito

Akodon azarae

Akodon cursor

Akodon lindberghi
Akodon montensis

Akodon mystax
Akodon paranaensis

Akodon reigi
Akodon serrensis

Akodon toba

Taim, Rio Grande, RS
Espinilho, Barra do Quarai, RS
Ilha do Rabelo, Guaraquegaba, PR.

Ilha das Laranjeiras, Guaraquegaba, PR.

indios, Guaraquecaba, PR.

Ilha Rasa, Guaraquegaba, PR.

Ilha das Gamelas, Guaraquegaba, PR
Massarapua, Guaraquegaba, PR.
Tromomo, Guaraquegaba, PR

Bom Conselho, PE

Garanhuns, PE

Simao Pereira, MG

Morretes, PR

Roga Nova, Piraquara, PR
Botuquara, Palmeira, PR

Sao Luis do Puruna, PR

Barro Preto, Sao José dos Pinhais, PR
Itatiaia, RJ

Nova Friburgo, RJ

Turvo, Derrubada, RS

Morro do Elefante, Santa Maria, RS
Parque Nacional do Caparad, MG
Curitiba, PR

ADEA, Sao José dos Pinhais, PR
Barro Preto, Sdo José dos Pinhais, PR
Itatiaia, RJ

Taim, Rio Grande, RS

Quatro Barras, PR

Piraquara, PR

Parque Nacional do Caparad, MG
Santa Cruz/ Urucum, Corumba, MS
Morro Santa Cruz, Corumba, MS

JSTII, JST20

JSE 17, JSE170
LCUFPR 636, 784
LCUFPR 666, 748
LCUFPR 758,762
LCUFPR 681
LCUFPR 736
LCUFPR 742, 749, 744, 751
LCUFPR 745, 771
MNRIJ 19117

MNRIJ 19118

MNRIJ 33686, 33687
LCUFPR 795
LCUFPR 878
LCUFPR 989
LCUFPR 1001
LCUFPR 1012
MNRJ 48031

MNRJ 55733

GES51, GE97

UFSM 527

MNRIJ 33686, 33687
LCUFPR 153
LCUFPR 884
LCUFPR 983, 987, 1024
MNRIJ: 69685, 69686
JST3, IST6

LCUFPR 828,831,833,834,835
LCUFPR 854,888
MNRIJ: 69621, 69640
UFSM 258
URUCUM 58

E—

- -——_.__.-

50.0 um

Figura 1. Padrio cuticular foliddceo estreito observado nos exemplares do
género Akodon que ocorrem no Brasil (aumento de 400%).

Figure 1. Cuticular narrow leaf shaped of the genus Akodon occurring in
Brazil (amplified 400x).

como multisseriada alveolar, multisseriada listrada e um misto entre
alveolar e listrada (Figura 2).

Foi possivel detectar variacdo na microestrutura do pelo dentro
das variagdes cromossdmicas de A. cursor. Para as variagdes 2n = 14
e 15 foi obtido um padrao alveolar, ja para a variagdo 2n = 16 ocorreu
o padrio listrado. Foi constatado que nas amostras de Akodon cursor
ocorre a presenga de muito sub-pelo que ¢ ondulado, curto e com
constri¢des, os quais ndo devem ser utilizados por serem semelhantes
entre amostras de espécies diferentes (cf. Quadros & Monteiro-
Filho 2006b). Para evitar confundir o sub-pelo com o pelo-guarda ¢
recomendado utilizar pelos com escudo bem largos.

http://www.biotaneotropica.org.br/v13nl/pt/abstract?article+bn00713012013

Akodon cursor ¢ a unica espécie que apresenta predominio de
quatro fileiras. Para Akodon paranaensis, A. lindberghi, A. azarae
e A. serrensis a medula se alterna entre trés e quatro fileiras.
Akodon mystax se diferencia das demais espécies devido ao maior
espacamento entre as células. Akodon reigi apresenta o setor
intermediario com fileiras ovaladas e bem ligadas e Akodon toba as
células da fileira central variando com uma e duas células alveolares
pequenas. Akodon montensis se distingue das demais por apresentar
espaco intercelular mais estreito em relagdo a espessura da célula
(Tabela 2). Para visualizar o padrao misto ¢ necessario olhar o pelo
em panoramica (aumento de 100%) e posteriormente utilizar o maior
aumento para diferenciar A. azarae de A. serrensis.

Discussao

O uso da microestrutura dos pelos ¢ um método de baixo custo, de
facil acesso e rapido que pode ser utilizado em estudos que enfocam
a relacdo predador/presa (Quadros & Monteiro-Filho 2010), além
dos estudos forenses (Sato et al. 2009) e levantamento de mastofauna
(Martin et al. 2009) entre tantos outros.

Alguns estudos ja descreveram a microestrutura de pelos de
algumas espécies de Akodon que ndo ocorrem no Brasil como para
A.iniscatus, A. longipilis, A. olivaceus, A. sanborni, A. xanthorhinus
(Chehébar & Martin 1989) e para Akodon molina (Fernandez & Rossi
1998). Nestes estudos a cuticula dos pelos apresenta o mesmo padrado

http://www.biotaneotropica.org.br
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50.0 um 50.0 um

SRR gy

Figura 2. Caracteristicas microestruturais diagnosticas da medula para a identifica¢do dos pelos-guarda das espécies de Akodon que ocorrem no Brasil (aumento
de 400x). a) Akodon cursor (2n = 14 e 15), b) Akodon paranaensis, ¢) Akodon mystax, d) Akodon reigi, seta A indica as células ovaladas, e) Akodon toba,
seta B indica as calulas alveolares pequenas, f) Akodon azarae, seta C indica padrdo alveolar, seta D indica padrdo listrado, g) Akodon serrensis, seta C indica
padrio alveolar, seta D indica padrio listrado, h) Akodon montensis, i) Akdon cursor (2n = 16) e j) Akodon lindberghi.

Figure 2. Microstructural characteristics of medulla of the hair-guard of Akodon species of the Brazil (amplified 400x). a) Akodon cursor (2n = 14 and 15), b)
Akodon paranaensis, ¢) Akodon mystax, d) Akodon reigi, arrow A indicates oval cells, ) Akodon toba, arrow B indicates the alveolar small cells, f) Akodon azarae,
arrow C indicates alveolar pattern, arrow D indicates striped pattern, g) Akodon serrensis, arrow C indicates alveolar pattern, arrow D indicates striped pattern,
h) Akodon montensis, i) Akdon cursor (2n = 16) and j) Akodon lindberghi.
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Tabela 2. Chave dicotomica de identificagdo das espécies brasileiras do género Akodon através da microestrutura dos pelos.

Table 2. Dichotomous key for the identification of the brazilian species of Akodon through the microstructure of the hair.

la. medula multisseriada alveolar

b. medula multisseriada listrada ou mista
2a. medula com pelo menos quatro fileiras
b. medula com trés fileiras
3a
b. medula alternando entre trés e quatro fileiras

4a. fileira central com células distribuidas de forma irregular

b. fileira central com células distribuidas em sequéncias uniformes
. setor intermediario do escudo com pelo menos trés fileiras bem ovaladas e ligadas
b. fileira central variando com uma e duas células alveolares pequenas

Sa

6a. medula mista com trés a quatro fileiras
b. medula listrada
7a
b. células com formato irregular
8a. espago intercelular estreito em relac@o a espessura da célula..
b. espago intercelular grande em relagdo a espessura da célula
9a. predominio de quatro fileiras e células longilineas
b. variagdo entre trés e quatro fileiras de células e células ovaladas

. células com contorno definido

. medula com predominio de quatro fileiras, podendo ocorrer cinco fileiras

Akodon cursor (2n = 14 ¢ 15; Figura 2a)
Akodon paranaensis (Figura 2b)
Akodon mystax (Figura 2¢)

Akodon reigi (Figura 2 d)
Akodontoba (Figura 2e)

Akodon azarae (Figura 2f)
Akodon serrensis (Figura 2g)
..Akodon montensis (Figura 2h)

Akodon cursor (2n = 16; Figura 2i)
Akodon lindberghi (Figura 2j)

existente para as espécies brasileiras mesmo considerando a utilizagdo
de outra nomenclatura e a medula, é predominantemente composta por
trés fileiras de células, assim como ocorre para a maioria dos padrdes
medulares agora descritos. Assim, é possivel que o tipo de arranjo
das escamas cuticulares existentes na haste dos pelos seja um padrio
caracteristico do género, mas o numero de fileiras, a distribui¢do e
o formato das células medulares do escudo parecem ser variaveis,
permitindo assim o reconhecimento especifico, pelo menos para as
espécies estudadas.

Para as espécies que ocorrem no Brasil so existiam as descri¢des
feitas para a estrutura dos pelos de A. cursor (Quadros 2002) e
A. montensis (Martin et al. 2009). Entretanto, como estes estudos
reconheceram uma espécie de Akodon além de outros géneros, as
diagnose utilizadas buscaram detalhar grandes grupos e, portanto,
ndo utilizaram as mesmas caracteristicas agora descritas para um
conjunto de nove espécies morfologicamente muito semelhantes.
Quando a descri¢ao ocorre dentro de um género as caracteristicas
utilizadas precisam ser mais esmiugadas como apresentada no nosso
estudo. Assim, ¢ esperado que as caracteristicas diagndsticas adotadas
para grandes grupos separados filogeneticamente e aquelas adotadas
dentro de um mesmo género acabem sendo muito diferentes.

Para o desenvolvimento de estudos que utilizam os padrdes
medulares e cuticulares como ferramenta para o reconhecimento
de espécies, sdo necessarios estudos sistematicos prévios. Contudo,
algumas propostas de carater sistematico divergem periodicamente na
dependéncia do desenvolvimento e aplicagdo de novas técnicas. Este
¢ 0 caso que ocorre com 0s espécimes nominados como A. CUrsor que
de acordo com os estudos de Geise et al. (2001) e Silva et al. (2006), os
com 2n =16 sdo entidades bioldgicas distintas dasde 2n=14e2n=15,
ou ainda, de acordo com Nogueira & Fagundes (2008) e Barros et al.
(2009) que consideram estes trés cariotipos pertencentes a uma tnica
espécie. Em nosso estudo, analisando exemplares de A. cursor com
os trés niimeros de cariétipos, detectamos que como um todo, esta
¢ a espécie com maior numero de fileiras de células e facilmente
identificada com base na estrutura da medula quando comparada aos
demais representantes do género no Brasil, mas a despeito disto, dois
padrdes distintos de medula puderam ser reconhecidos, ou seja, um
com medula alveolar (2n= 14 e 2n=15) e 0 outro com medula listrada

http://www.biotaneotropica.org.br/v13nl/pt/abstract?article+bn00713012013

(2n=16). Neste caso, a variagao encontrada na morfologia dos pelos
de A. cursor, parece refletir a variagdo genética ja documentada por
Geise et al. (2001) e de Silva et al. (2006).

Assim, o uso dos pelos como ferramenta de identificacdo das
espécies brasileiras de Akodon é perfeitamente viavel permitindo
sua utilizagdo em estudos de ecologia e na identificacdo de animais
inclusive os de museu.
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Abstract: In spite of the fact that catfish have rarely been reported as food items in the diets of freshwater stingrays,
they are commonly observed in the stomach contents of species inhabiting the Solimdes and Negro rivers in the
Brazilian Amazon. The stomach contents of six rays from the Solimdes River and 64 from the Negro River were
analyzed, and catfishes (distributed among the families Callichthyidae, Cetopsidae, Doradidae and Loricariidae)
were found in the stomach contents of four and 10 of these rays, respectively, comprising a frequency of occurrence
0f20%. These data indicate a relevant participation of catfishes in the diets of potamotrygonid rays in the Amazon,
and may reflect the regional diversity and abundance of Siluriformes in the region.

Keywords: diet, feeding, freshwater stingrays, Myliobatiformes, Siluriformes.

SHIBUYA, A. & ZUANON, J. Os bagres como presas de raias Potamotrygonidae nos rios Solimdes e
Negro, Amazonia brasileira. Biota Neotrop. 13(1): http://www.biotaneotropica.org.br/v13n1/pt/abstract?short-
communication+bn03213012013

Resumo: Apesar de ter sido reportado sobre a raridade de bagres na alimentagao de raias de 4gua doce, a presenca
deles tem sido comumente observada em contetidos estomacais de espécies dos rios Solimdes e Negro. Os
conteudos estomacais de seis individuos de raias do rio Solimdes e 64 do rio Negro foram analisados e os bagres
(distribuidos nas familias Callichthyidae, Cetopsidae, Doradidae e Loricariidae) foram consumidos por quatro e
10 raias, respectivamente, com a frequéncia de ocorréncia de 20%. A ocorréncia de Siluriformes, mesmo baixa,
indica uma participacao relevante deste grupo como presas na dieta dos potamotrigonideos.

Palavras-chave: alimentagdo, dieta, raias de dgua doce, Myliobatiformes, Siluriformes.
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Catfishes as prey items of Potamotrygonid stingrays

Introduction

Potamotrygonidae stingrays consume a wide variety of prey,
feeding on insects, mollusks, crustaceans, and teleosteans (Lasso et al.
1996, Lonardoni et al. 2006, Rincon-Filho 2006, Silva & Uieda
2007, Shibuya et al. 2009). Their diets may be directly related to
the availability of any given prey, and some species display specific
dictary habits [e.g. Potamotrygon orbignyi (Castelnau 1855) is
considered predominantly insectivorous, whereas Paratrygon aiereba
(Walbaum 1792) is mostly piscivorous] (Lasso et al. 1996, Rincon-
Filho 2006, Shibuya et al. 2009). In spite of the low occurrence of
fish in the diets of most potamotrygonid stingrays, some species are
known for their considerable consumption of these prey items (e.g.
Paratrygon aiereba). Specimens of Potamotrygon motoro (Miiller &
Henle 1841) from the Middle Negro River in the Brazilian Amazon
is known to consume principally crustaceans, although teleosteans
also appear to be an important element in its diet (Lasso et al. 1996,
Shibuya et al. 2009).

Silva & Uieda (2007) reported that the two potamotrygonid
species found in the Parana River (Potamotrygon falkneri Castex &
Maciel 1963 and P. motoro) have diversified diets, and teleosteans
were found in the stomach contents of just one specimen of each
species. In addition to these observations, Garrone-Neto & Uieda
(2009) pointed out that the rare occurrences of catfishes (Siluriformes)
in stingray diets may be considered occasional, as a consequence of
inexperience and/or an accidental predation, since one of the analyzed
specimens (a young individual of P. falkneri) had a dead catfish
stuck in its oral chamber. However, Shibuya et al. (2009) described
the diets of four species of Potamotrygonidae, and three of them
(Potamotrygon sp. “cururu”, P. motoro, and Paratrygon aiereba)
were found to have different groups of catfishes (Callichthyidae,
Cetopsidae, Doradidae and Loricariidae) in their stomachs.
Almeida et al. (2010) and Vasconcelos & Oliveira (2011) also found
catfishes in the stomach of P. motoro, in the Maraj6 Island (which has
connections with Amazonas and Tocantins Rivers) and in the Cariat
River (Amapa State), respectively.

Since catfishes compose more than 40% of the Amazon fish
species richness, it would be surprising to find that they not compose
common prey items in the diets of stingrays. Moreover, many catfish
species of different families, with varied morphologies and sizes,
share the shallow margins of the rivers inhabited by stingrays.
The present study aims to demonstrate that Siluriformes should be
considered normal prey items of potamotrygonid stingrays inhabiting
the Solimdes and Negro rivers in the Brazilian Amazon, and arguing
that catfish’s spines and body armor do not constitute barriers to its
consumption by the rays.

Materials and Methods

Stingray sampling is strongly seasonal, with an inverse
relationship between capture vulnerability and water level in the
river (see Aratjo 1998). In this sense, most of the information
available on the diet of stingrays refers to the dry season; the few
studies that present dietary data for stingrays during the flood season
were Almeida et al. (2010) and Vasconcelos & Oliveira (2011),
both developed in the lower portion of the Amazon basin where
the seasonal changes in river level are attenuated by the daily tidal
variations. The data set analyzed in this study was composed by a
combination of newly collected samples (from Solimdes River),
and by samples previously obtained in Negro River (Shibuya et al.
2009). Both sampling areas are part of the Amazon lowlands and are
subjected to a strong seasonal flood pulse (Junk et al. 1989), with
flood peak in June-July and the lowest water level in September-
October. The main difference between the sampling areas is related
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to water type and biological productivity. Solimdes River drains a
wide vdrzea floodplain of turbid waters with a nearly neutral pH and
high productivity, with a high biomass of plants and fishes mainly
concentrated in seasonally available lakes; on the other hand, the
black waters of Negro River are acidic and nutrient poor, and sustain
a comparatively much lower biomass (Junk 1984).

Specimens of Paratrygon aiereba (n=2) and Plesiotrygon iwamae
Rosa, Castello & Thorson 1987 (n = 6) were collected in
November/2011 in the Lower Solimdes River (03° 17°54” S and 60°
03’03 W) in the municipality of Careiro da Varzea, Amazonas State,
Brazil. All specimens were collected using trammel nets (50 m and
100 m length, with 40 mm mesh size) and bottom trotlines (200 m
length, with 200 hooks) by local fishermen during the night, in
shallow margins and beaches along the river channel. The rays were
euthanized using Eugenol (clove oil) and identified according to Rosa
(1985). The stomachs of these animals were removed and fixed in 10%
formalin solution. Stomach contents were analyzed with the aid of a
stereoscopic microscope. Prey items were sorted and subsequently
counted and maintained in 70% ethanol solution. Catfishes found
in the stomach contents were identified to the lowest taxonomic
level possible with the aid of identification keys (e.g. Burgess 1989)
and the help of specialists. Data concerning Potamotrygon motoro
(n=32), P. sp. “cururu” (n = 17), and Paratrygon aiereba (n = 15),
all collected in the Middle Negro River near Barcelos (Amazonas
State, Brazil) have recently been published by Shibuya et al. (2009),
and that information was updated in reference to the occurrence of
Siluriformes. The gut contents analyzes and catfish identification were
done by the same persons, in order to allow an accurate comparison
of both datasets. Results are presented as frequency of occurrence
values (i.e. the number of stomachs containing catfish remains, in
relation to the total number of the analyzed stomachs that contained
food), and as numerical frequency (number of catfish specimens
consumed in relation to the total number of fish ingested by the rays)
(Hyslop 1980).

Results and Discussion

Among the eight stingray specimens analyzed from the Solimdes
River (two Paratrygon aiereba and six Plesiotrygon iwamae), one
individual of P. aiereba (31 cm disc width) and three of P. iwamae
(ranging from 51.5 to 64.0 cm disc width) had remains of thorny
catfishes (Doradidae) in their stomachs; two stomachs were empty. In
addition, P. iwamae had also consumed freshwater shrimps (Table 1).
The Frequency of Occurrence of catfishes in the stomachs of these
six specimens was 50.0%, and the Numerical Frequency of catfishes
in relation to other prey fish was 44.4% (Table 2).

Potamotrygon motoro (n = 1), P. sp. “cururu” (n = 5), and
Paratrygon aiereba (n = 4) from the Negro River had ingested
fish from four different Siluriformes families: Callichthyidae,

Table 1. Prey items found in the stomachs of Paratrygon aiereba and
Plesiotrygon iwamae, from Solimdes River, expressed in number (N) and
occurrence (O). Numbers of obtained specimens (n), stomachs with contents
(c) and empty stomachs () are presented for each potamotrygonid species.

Paratrygon Plesiotrygon
aiereba iwamae
ITEMS m=2;c=1;e=1) (n=6;c=5;e=1)

N o N (0)
Doradidae 1 1 2 2
Hemiodontidae 1 1 1 1
Cichlidae - - 3 1
Unidentified catfishes - - 1 1
Shrimps - - 2 2
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Table 2. Total values of the stomachs with contents (N) in potamotrygonid stingrays from Solimdes and Negro Rivers. The number of stomachs with catfish
and total of fish prey and catfish prey in the analyzed stomachs are expressed in number (N) and frequency of occurrence (%).

River Stomach with food Stomach with catfish Total fish prey Total catfish prey
N N (%) N N (%)
Solimoes 6 3(50.0) 9 4(44.4)
Negro 64 10 (15.6) 114 15(13.1)

Loricariidae, Doradidae and Cetopsidae (see Shibuya et al. 2009 for
details on additional prey items consumed). All catfishes found in the
stomach contents of Paratrygon aiereba and Plesiotrygon iwamae
from the Solimdes River measured about 4-8 cm of total length.
Most of catfishes found in the stomachs of stingrays from Negro
River reached 8cm, except one Cetopsidae found in the stomach of a
specimen of Paratrygon aiereba, which was about 25 cm total length.
Among the Negro River specimens, the Frequency of Occurrence of
catfishes in the stomachs was 15.6%, and the Numerical Frequency of
catfishes in relation to other prey fish was 13.1%. Overall (Solimdes
and Negro rivers pooled), catfishes were found in 14 of the 70
stingrays with food in their stomachs, comprising a Frequency of
Occurrence of 20.0%, and a Numerical Frequency of 15.4% (Table 2).
Similar to the Heptapteridae prey found by Garrone-Neto & Uieda
(2009) in the diet of Potamotrygon falkneri, catfishes of Doradidae,
Callichthyidae, and Loricariidae have spines on their pectoral and
dorsal fins that serve as defense mechanisms — although not pungent
in the case of loricariids (Bosher et al. 2006, Kirchheim & Goulart
2010). Some doradid catfishes also have a row of bony plates along the
sides of the body, each plate armed with a sharp spine or hook that can
inflict injuries to its potential predators (q.v. Burgess 1989). Despite
these supposed obstacles to its ingestion, the catfishes consumed by
the potamotrygonid stingrays from the Solimdes and Negro Rivers
were found crushed and in an advanced state of digestion. These
catfish species are quite common in the rivers where the stingrays
were collected, and live predominantly associated with the substrate
where stingrays forage (Lowe McConnell 1987, J. Zuanon, personal
observation along the whole Solimdes-Amazonas River and Lower
Negro River, since 1987). It is possible that the differential availability
of catfish in the Parana River basin influences their infrequent
consumption by the stingrays locally, and may be responsible for
the observed differences between the diets of potamotrygonid
populations in the Amazon River basins and in the Parana River.
Therefore, additional studies comparing stingrays diets and catfish
prey availability in Parana River basin could be elucidative.
Potamotrygon motoro from the Negro River has a muscular
orobranchial system adapted to breaking rigid structures of hard
prey (Shibuya et al. 2012), which may explain the crushed condition
of doradid and loricariid preys found in the stomach contents of the
analyzed specimens. The catfishes consumed by Paratrygon aiereba
were found intact within their stomachs, which could indicate its
ingestion by suction mechanisms. One specimen of Plesiotrygon
iwamae had a catfish spine lodged in its stomach wall, indicating that
such injuries may not impair the consumption of this kind of prey.
An alternative hypothesis for the findings presented by Garrone-
Neto & Uieda (2009) is that the presence of a catfish locked in the
oral cavity of an individual of P. falkneri may have resulted from a
poorly succeeded capture attempt by that individual ray. The catfish’s
immediate attempt to escape predation after being engulfed may have
lead it to become stuck and protruding from the spiracular aperture of
the stingray, as found by those authors. However, this accident does
not imply that catfishes are necessarily infrequent preys of stingrays.
In addition to the presence of Siluriformes in the stomach contents
of stingrays in the Amazon Basin, another fact that reinforces its
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importance as stingray preys is the frequent finding of broken catfish
spines deeply inserted in the musculature around the oral region
of stingrays utilized for human consumption (J. Zuanon, personal
observation), which indicates the common occurrence of predation
attempts on catfishes.

Freshwater stingrays do not necessarily have similar feeding
habits in different hydrographic basins. Potamotrygon motoro seems
to be predominantly insectivorous in the Cristalino (a tributary
of the Araguaia River) and Parand rivers (Pantano-Neto 2001,
Lonardoni et al. 2006, Silva & Uieda 2007), while individuals
inhabiting the Negro River take crustaceans as their most important
prey, followed by teleosteans (Shibuya et al. 2009). In addition,
Almeida etal. (2010) and Vasconcelos & Oliveira (2011) also showed
the occurrence of teleosteans, including catfishes, in the diet of
potamotrygonid stingrays. Any generalization of the feeding habits
of ray species derived from studies carried out in a single population
may be misleading.

One aspect of the trophic ecology of stingrays that remains to be
studied is the possible seasonal variation in the diet of these species
in the Amazon lowlands. Vasconcelos & Oliveira (2011) stated that
food consumption was different between the rainy and dry seasons
for P. motoro, with higher consumption of mollusks during the flood.
Although Almeida et al. (2010) had collected P. motoro during dry,
rainy and transitional seasons, but they did not test for statistical
differences in its diet among seasons. Seasonal differences on the
feeding habits of fishes that occupy the seasonally available flooded
forests and floodplains are well known for several fish groups (e.g.
Goulding 1980, Claro-Junior et al. 2004, Yamamoto et al. 2004), and
there is no reason to suppose that stingrays species do not change
diets along the seasonal cycle; however, it would be necessary to
have a much more intensive collecting effort during rising and flood
periods to test this hypothesis, in function of the difficulties to obtain
enough samples to analyze.
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Abstract: This study reveals the food composition of pelagic fishes living in the southwestern Atlantic Ocean. As
such more common pelagic species are considered to be top predators, the study proposes to know what constitutes
their main food. Fish are not commonly found within their stomach contents, but instead, cephalopods are their
most common food. As can be observed, Teuthida cephalopods compose their principal diet. The stomach contents
of specimens of Xiphias gladius, Thunnus albacares, T. obesus, T. alalunga, Isurus oxyrinchus and Alopias
superciliosus caught during July 2007 to June 2009 by using tuna longliners were studied. Teuthida cephalopods
constitute the main food item for the three tuna species, while X. gladius feeds mainly on Ommastrephidae
cephalopods. Though the differences among the kinds of cephalopods exist, they constitute the principal resource
these fish use to live at least in the southern Atlantic Ocean.

Keywords: top predators, diet composition, longline fishery, stomach content analysis.

GORNI, G.R., GOITEIN, R. & AMORIM, A.F. Descriciio da dieta de peixes pelagicos no Oceano Atlantico,
Brasil. Biota Neotrop. 13(1): http://www.biotaneotropica.org.br/v13nl/pt/abstract?article+bn01113012013

Resumo: Este estudo descreve a composicao da dieta de peixes peldgicos que vivem no Oceano Atlantico
Sudoeste. Como tais espécies pelagicas sao consideradas predadoras de topo, o estudo propde conhecer o que
constitui sua principal fonte de alimento. Peixes nao sdo comumente encontrados em seus contetidos estomacais,
em vez disso, os cefalopodes sdo os alimentos mais comuns. Como pode ser observado, cefalopodes Teuthida
compreendem sua dieta principal. O contetido estomacal de espécimes de Xiphias gladius, Thunnus albacares,
T obesus, T. alalunga, Isurus oxyrinchus e Alopias superciliosus, capturados durante julho de 2007 a junho de
2009 prela frota atuneira, foram estudados. Cefalopodes Teuthida constituem o principal item alimentar das trés
espécies de atum, enquanto X. gladius alimenta-se principalmente de cefalopodes Ommastrephidae. Embora as
diferencas entre os tipos de cafalopodes existam, eles constituem o principal recurso que estes peixes usam para
viver, pelo menos no Oceano Atlantico Sudoeste.

Palavras-chave: predadores de topo, composi¢do alimentar, pesca de espinhel, andlise de conteudo estomacal.
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Introduction

One common problem to be faced when studying top sea
predators is the fact that they are caught in small numbers by scientific
expeditions. So, one should be aware that statistic significant data
are hardly available. On the other hand, by comparing distinct
species living in almost similar open seas, it may be seen as a
possible approach to distinguish their diet composition when they
are compared to other available data in the literature. So, the solely
fact that studies based on results of smaller data numbers can also
be useful to add them to other available ones and, so, reinforce what
has been discovered until that moment. There seems to exist no other
ways to study such kinds of fish, mainly in the southern hemisphere
where such studies are more incipient. Such studies may permit an
evaluation about the role each species may play among the other ones,
competitors or not in a determined system (Schoener 1974) and may
also help the understanding of their biology and population dynamics
(Zavala-Camin 1982).

By what is known about the fish species caught in the
southwestern Atlantic Ocean, the swordfish Xiphias gladius (Linnaeus
1758), is a cosmopolitan one, whose epi and mesopelagic habit has
been frequently registered for fish occurring between 45°N and 45°S
latitudes. So, its distribution comprises tropical and temperate seas,
which means toleration to a wide temperatures range (Palko et al.
1981, Nakamura 1985). As it is known to be an opportunistic
predator, the swordfish uses to show a broad alimentary spectrum,
feeding on cephalopods, fish and crustaceans (Clarke et al. 1995,
Figueiredo & Menezes 2000). Its diet composition has been studied
in the Mediterranean Sea (Bello 1991); Pacific Ocean (Ibafez et al.
2004, Castillo et al. 2007, Letelier et al. 2009); at the Indic Ocean
(Potier et al. 2007) and the Atlantic Ocean (Stillwell & Kohler
1985 Simdes & Andrade 2000, Satoh et al. 2004, Chancollon et al.
2006). For Brazilian waters, besides the studies of Zavala-Camin
(1981), Mello (1992) and Vaske-Junior (2000), few other studies
are registered.

The tuna species, which belong to the Scombridae family, are
constituted by fish attaining large sizes. There are five species off
the Brazilian coast. The most common ones are: 7hunnus albacares
(Bonnaterre, 1788) Thunnus obesus (Lowe, 1939) and Thunnus
alalunga (Bonnaterre, 1788). These three tuna species are considered
to act as opportunistic predators, whose feeding may be determined
by local prey availability. Their diet is characteristically diversified,
mainly composed by fish, cephalopod mollusks and crustaceans.
Some studies revealed the food composition of the three species in
Southern Atlantic since 1981 to 2004 (Zavala-Camin 1981, 1982,
1987, Vaske-Junior & Castello 1998, Vaske-Junior 2000, Vaske-
Junior et al. 2003; Sabati¢ et al. 2003, Satoh et al. 2004). No more
studies were registered since then.

The two studied shark species, Isurus oxyrinchus (Rafinesque,
1810) and Alopias superciliosus (Lowe, 1840) are known to be
epipelagic and active, which means, they wander during all the time
and may dive to 500 m (Cervigén 1992, Compagno 2001). Though
the economic importance played by these shark species, studies
concerning their feeding habits are rare, as happens to their ecologic
trophic importance in Brazilian waters, with the exception of the
Zavala-Camin (1981) and Vaske-Junior & Rincén-Filho (1998)
studies.

As the last, so to say, more complete studies referring to diet
compositions of such species in that region are twenty years old,
this study purpose is to describe the diet composition of X. gladius,
T albacares, T. obesus, T. alalunga, I. oxyrynchus and A. superciliosus
caught at the southwestern Atlantic Ocean. This should contribute to
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add more recent information in order to provide condition to perform
ecological studies related to this pelagic environment.

Materials and Methods

Specimens of X. gladius, T. albacares, T. obesus, T. alalunga,
1 oxyrynchus and A. superciliosus were collected every month from
July 2007 to June 2009 by the Santos (SP) tuna longliners. These boats
range their operations along the southeastern and southern Brazilian
coast, in an area comprised between 17-35° S and 27-52° W., off the
continental shelf (Figure 1). According to Arfelli & Amorim (2000),
such boats work by using the surface longline with light attraction
to the swordfish (Xiphias gladius), in fisheries, which may last 15
to 20 days.

1. Data collection

During the process of evisceration, which was performed
immediately after fish were caught, the stomachs were individually
deposited in devices with a 10% formalin solution. They were stored
in a larger recipient containing formalin. The stomach contents were
washed and seined. After this process, they were stored in individual
labeled recipients, remaining in a 70% ethanol solution. All the items
within the stomach contents were identified as to the lowest possible
identification level, using taxonomic criteria based on Figueiredo &
Menezes (1980, 2000), Menezes & Figueiredo (1980, 1985), Clarke
(1986), Nesis (1987), and Figueiredo et al. (2002).

2. Diet analyses

The Prey Relative Importance Index expressed by percentages
(%IRI) (Equation 1) (Pinkas et al. 1971, Cortés 1997) was utilized to
reveal the feeding pattern exhibited by the studied specimens. This
Index is calculated using the percentage number (%N), percentage
in weight (% W) and by the Occurrence frequency percentage (%0O)
representing the identified items within each predator stomach
contents (Hyslop 1980). The mass percentages were based on the
humid masses of prey items found in the stomachs, instead of the
reconstituted mass method.

Percentage of the Relative Importance Index:

%IRI=(((%N+%W)x%0) /(X (%N+%W x%0))) x100 (1)

Results

For the 333 analyzed stomachs, 2328 items were registered;
totalizing 43223 grams of alimentary material (see Table 1). The
stomach contents revealed the occurrence of 56 prey taxa, including
23 families of fishes, 3 orders of cephalopods, crustaceans and other 4
groups, which are shown in detail at Table 1. The highest and lowest
richness of alimentary taxa were respectively registered to 7. alalunga
(32 taxa) and A. superciliosus (7 taxa).

According to the calculation of the %IRI, the main alimentary
item for 7. albacares, T. obesus and T. alalunga was constituted
by Teuthida cephalopods. In terms of numerical percentages, the
most important prey for 7. albacares were represented by Teuthida
mollusks, followed in order by crustaceans and teleosts. A similar
pattern was shown for 7. alalunga to which mollusks are the most
important food, but fish represent the second one in importance.
T. obesus, in turn, feeds mainly on fish, followed by cephalopods and
crustaceans (Table 1). The most important food item to X. gladius
was also composed by cephalopods, from which the Ommastrephidae
represented 63.7% of the IRI. Fish were more diversified, but the
identified species did not reach more than 1% of the IRI. Crustaceans,
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Figure 1. Santos longliners fishing area (adapted from Amorim et al. 1998).

however, were represented by decapods and performed 1.3% of the
IRI.

The food composition of 1. oxyrinchus was also dominated by
cephalopod mollusks and the Teuthida order, mainly composed by
Ommastrephidae, represented 30.4% of the IRI. The group formed
by fish species was also more diversified, being dominated by non
identified teleosts, followed by Scombridae. Alopias superciliosus
consumed mainly Teuthida cephalopods (49.6% of the IRI), and
secondarily non identified fish and then Trichiuridae (26.9% and
21.3%, respectively). Crustaceans were also present within the
stomach contents, but a clear difference was observed for this
item’s importance to the feeding composition of these sharks (3.4%
and 0.6%, respectively). Unusual items were also found within the
stomach contents. Plastic bags, small box rests and even nylon treads
were noticed.

Discussion

The relatively broad trophic spectrum presented by X. gladius,
T. albacares, T. obesus and mainly 7. alalunga may corroborate
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the generalist feeding habit such fishes present. Potier et al. (2007)
emphasize tuna and similar fish predation to be described as an
opportunistic process, as such fishes live in environments containing
a relatively low organism’s concentration, as are usually known the
pelagic ocean regions. Besides the relative homogeneity of such
environments, pelagic species may present relative ecological defined
niches, which may minimize competition for resources. This may
be caused by distinct vertical and seasonal distributions the fishes
present (Zavala-Camin 1982).

The presence of Teuthida cephalopods within the gastric contents
of T. albacares, T. obesus and T. alalunga has been a commonly
known fact in such nature studies. Dragovich (1971), Perrin et al.
(1973), Pelczarski (1988) and Potier et al. (2007) state that the
squids Ommastrephidae represent the most important cephalopods
present in the diet composition of 7. albacares. Other groups, such
as Octopoda are also related as food to this tuna fish, though in a
relatively small amount. (Dragovich op. cit., Pelczarski op. cit.).
In a similar way, Ommastrephidae squids are recognized to be
the most common cephalopod food item for 7. obesus (mainly the
genera [llex and Ommastrephes) (Zavala-Camin 1981, Vaske-Junior,
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2000). Apparently, the relatively smaller size of the individuals of
T alalunga may impose limits to the ingestion of large squids, thus
justifying the presence of smaller cephalopods, as may be the case
of some octopods.

The registration of specimens, which belong to Bramidae,
Monacanthidae and Trichiuridae may reinforce the idea that
T. albacares frequently feeds near to the water column surface
(Dragovich & Potthoff 1972, Bard et al. 2002). But, on the other
hand, some mesopelagic families, such as Chiasmodontidae and
Gempylidae are also represented as food components for such species
(Figueiredo & Menezes 2000, Figueiredo et al. 2002). This may mean
that 7" albacares usually dives for incursions to search for food at
deeper waters. Graham et al. (2007), looking for information about
ontogenetic changes for feeding, reflecting in a broader amplitude
of the food components for the species, describes a diet significant
change of 7" albacares, when the individuals® furcal lengths reach 45
centimeters or more. In addition, following these authors, when the
individuals surpass this length, they use to acquire and endothermic
capacity, which permits them to get prey living in colder and deeper
waters.

The primarily teutophagic food composition shown by T obesus
may help to corroborate the results obtained by Zavala-Camin (1981),
in which cephalopod mollusks comprise approximately 83% of
the diet composition. So, the definition of a guild based on theutid
cephalopods may be considered to be a reference to these diverse
pelagic fishes. But, notwithstanding this, the data disagree from
those obtained by Vaske-Junior (2000) and Liming et al. (2005),
who observe that teleost fishes are predominant to the feeding of
the species. As the 7. obesus diet may be least affected by latitudes
or distances from the coast, when compared to other tuna species
(Dagorn et al. 2000, Bertrand et al. 2002), one may infer that such
divergences for food composition may be mainly due to local prey
availabilities.

In a similar way, 7. alalunga presented a feeding spectrum based
on cephalopod mollusks, followed by fish and crustaceans. It was
not possible, however, to establish a pattern to analyze the results
by basing them on available literature, as there are not coherent data
related to the food preference of this tuna species. Zavala-Camin
(1981) in an analysis by examining 741 stomachs, registered a
predominance for mollusks (59.9%), followed by fish and crustaceans.
Sabati¢ et al. (2003) state that crustaceans comprised the most
important contribution (43%), and then it was followed by fish and
cephalopods. Satoh et al. (2004), in contrast, suggests a predominantly
piscivorous diet of 7. alalunga, as this item was found to comprise
more than 65% of the components of the stomach contents for the
individuals of this species. A fact to be registered may consider
the existence of an opportunistic behavior of the individuals of the
species, which may feed on fish or squid shoals.

A substantial contribution of items formed by crustaceans
to the diets of 7. albacares and T. alalunga may be related to a
morphological design, which consists in a shorter distance between
their gillrakers, a fact that, as observed by Magnuson & Heitz (1971)
may permit an ingestion of smaller prey. According to a diagnosis
made by Zavala-Camin (1978), by comparing the species mentioned
above, T. obesus presents the lowest number of gillrakers, when
compared to the other species (varying from to 25 and 30), a fact
which may explain the low occurrence of crustaceans in the feeding
habit of the species.

The diet of X. gladius was predominantly composed by
cephalopod mollusks and secondarily by fish. These results are
similar to those related to this species at the South Atlantic Ocean
(Zavala-Camin 1981), at the northwest Atlantic (Stillwell & Kohler
1985) and to the Pacific Ocean (Ibaiiez et al. 2004, Castillo et al. 2007,
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Letelier et al. 2009). Meanwhile, studies made for the Mediterranean
Sea (Relini et al. 1995), at the northeast Atlantic (Chancollon et al.
2006) and at the Indic Ocean (Marsac & Potier 2001, Potier et al.
2007) show a precisely converse pattern, thus classifying the
swordfish as a primarily ictiophagic predator. The X. gladius diet may
vary consistently at distinct habitats and seasons, as a consequence of
the variations of the distinct prey population dynamics (Letelier et al.
2009).

Pelagic mollusks of the Ommastrephidae family are commonly
found as food items of X. gladius. Authors like Zavala-Camin (1981),
Stillwell & Kohler (1985), Simdes & Andrade (2000) and Vaske-
Janior (2000) have registered Illex argentinus and Ommastrephes
bartramii as the most commonly identified Ommastrephidae species.
In contrast, the stomach contents of X. gladius caught at the Pacific
Ocean were mainly composed by the species Dosidicus gigas
and Todarodes filipovae (Ibaiiez et al. 2004, Castillo et al. 2007,
Letelier et al. 2009). Other cephalopods as those who belong to the
Loliginidae family commonly represent a low importance as food
to X. gladius, as only in one stomach from 168 analyzed by Stillwell
& Kohler (1985) contained such kind of squid. Simdes & Andrade
(2000) and Potier et al. (2007) also observed a low occurrence for
Octopoda individuals as items for the stomach contents of this fish,
a result which agrees to these study results.

In a similar way, crustaceans are reported to constitute a less
important item to the fish diet related to these species, and may
also be considered as an accidental item (Letelier et al. 2009).
Notwithstanding this idea, decapod crustaceans have also been
reported by Zavala-Camin (1981) and Chancollon et al. (2006).

Teleost fishes have been represented as the most diverse group,
and were recognized as being formed by 12 taxa. Species of the
family Myctophidae, as well as individuals of the genera Synagrops,
Brama, Cubiceps and Gempylus may corroborate what has been
registered by Zavala-Camin (1981), Stillwell & Kohler (1985),
Vaske-Junior (2000), Chancollon et al. (2006), Potier et al. (2007)
and Letelier et al. (2009). As the elevated variety of prey species
indicates, previous studies concerning the food composition of X.
gladius suggest this species to be an opportunistic and generalist
feeder. Such presumptions may, however, be taken cautiously. As
Cortés (1997) states, a predator may be recognized as a specialist by
choosing its prey by size and even behavior, instead of by species
representations, mainly as this should be the fact to influence the
feeding rate.

The organisms identified as the food items of X. gladius may
corroborate the assumption about the daily vertical displacement
pattern presented by the individuals of this species, which has
been described by Carey & Robison (1981) and Takahashi et al.
(2003). Such a fact could be evaluated in this way by the reason
that both mesopelagic and epipelagic (Myctophidae in general and
Ommastrephidae) were commonly found within the fish stomachs, as
happened to Brama sp., Auxis sp. and Euthynnus alleteratus (Nesis
1987, Figueiredo et al. 2002). The occurrence of species, which
usually occupy both strata (epi and mesopelagic), such as Thunnus
alalunga and Gempylus serpens, reinforce the idea to this kind
of movement considered to happen to this fish. Another observed
characteristic for this feeding strategy may be linked to the act of
chasing for cephalopods or fish, which use to form shoals. This fact
is thoroughly discussed by the studies of Simoes & Andrade (2000),
Ibafiez et al. (2004) and Chancollon et al. (2006), who try to relate
the fact to a lesser effort in relation to the capture success.

The importance of Teuthida cephalopods to the feeding of
1. oxyrinchus and A. superciliosus has also been related in the
literature. Following the data furnished by Vaske-Junior & Rincon-
Filho (1998), Polo-Silva (2007) and Preti et al. (2008), the squids ///ex
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argentinus (Ommastrephidae), Dosidicus gigas (Ommastrephidae),
Histioteuthis sp. (Histioteuthidae), Loligo sp.(Loliginidae) and
Gonatus sp. (Gonatidae) are the species most commonly eaten by
these sharks.

Specimens of Scombridae and Lepidocybium flavobrunneum
(Gempylidae) appear to be important items (mainly in weight
measurements) to the diet of /. oxyrinchus. Lepidocybium
flavobrunneum is a fish species whose individuals may grow to large
sizes, as are some specimens caught by fishery equipments. According
to Vaske-Junior & Rincén-Filho (1998) some specimens, when caught
by the fishery activities are frequently marked by bite marks caused
by sharks. This may happen during the process of fishing and to the
opportunistic behavior of these sharks. The absence of elasmobranchs
in the diet of 1. oxyrinchus helps to corroborate results obtained by
Maia et al. (2006). As Pikitch et al. (2005) state, this absence may
be credited to the low densities such sharks and other ones present in
the oceanic environment, when compared to more complex habitats.
Other large predators, such as X. gladius, should also be considered as
potential prey for 1. oxyrinchus (Stillwell & Kohler 1982, Maia et al.
2006), but this fact was not observed in this study.

According to Polo-Silva (2007) and Preti et al. (2008), Alopias
superciliosus is also a fish feeder and the specimens representing
the Paralepididae, Merluccidae and Sciaenidae are known to be the
most representative to this shark's diet. This information however
is in disagreement to these present studies. It may be detached that
such disagreements relating the literature and the present study can
be due to the reason that many teleost fishes were found in a profound
digestion state, which may be a common situation when the study
reveals facts happening within the stomach contents of sharks.

The low incidence of crustaceans for the food composition
of I. oxyrinchus may reveal a probable incidental ingestion of
such organisms. Following Maia et al. (20006), a regular ingestion
of crustaceans may be more related to young individuals of this
elasmobranch. As seen by the IRI 0.6%, this item may be even less
important to individuals of A. superciliosus, in a way to corroborate
data obtained by Preti et al. (2008), who found such prey in only one
stomach. As a common observation of objects originated by human
activities and even so, found within the stomach contents of sharks,
this one may also be an accidental fact such as this one shown by the
crustaceans (Hazin et al. 1994, Vaske-Jinior & Rincon-Filho 1998).

The ecological feeding details of top predators, such as these
studied species, are important components for modeling trophic
relationships and their implications to the pelagic stratum dynamics of
the Southwest Atlantic Ocean. So, it may be seen as a necessary step
for more studies involving great predators who live in this region, in
order to get information to build more multi-specific models, which
are important to conservation and better use purposes.
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Abstract: Bees of the tribe Euglossini are known as orchid-bees. In general, areas with more vegetation cover
have greater abundance and diversity of these bees. This study investigated the effects of forest fragmentation on
assemblages of the euglossine bees in the region of Rio Branco municipality, State of Acre, and surrounding areas.
Ten forest fragments with varying sizes were selected for the study and were classified as urban or rural. The bees
were sampled between December 2005 and August 2006. A total of 3,675 bees in 36 species and 4 genera were
collected. In general abundance and richness of bees did not differ statistically between urban and rural fragments.
The index of edge in fragments was a predictor of richness and diversity of bees. The connectivity estimated was
also an adequate predictor for richness. Fragments with greater similarity in relation to their landscape structure
were also more similar in relation to faunal composition.

Keywords: Euglossini, conservation, diversity, Acre State.

STORCK-TONON, D., MORATO, E.F., MELO, A.W.F. & OLIVEIRA, M.L. Abelhas das orquideas de
fragmentos florestais na Amazonia Sul-Ocidental. Biota Neotrop. 13(1): http://www.biotaneotropica.org.br/
v13nl1/pt/abstract?article+bn03413012013

Resumo: As abelhas pertencentes a tribo Euglossini sdo conhecidas como abelhas das orquideas. Em geral,
areas com maior cobertura de vegetacdo apresentam maior abundancia e diversidade dessas abelhas. Esse estudo
investigou os efeitos da fragmentagao florestal sobre as assembleias de abelhas Euglossini na regido do municipio
de Rio Branco, Acre e arredores. Os fragmentos florestais com tamanhos variados foram selecionados para a area
de estudo e classificados como urbanos e rurais. As abelhas foram coletadas entre dezembro de 2005 e agosto
de 2006. Um total de 3.675 machos pertencentes a quatro géneros e 36 espécies foi coletado. De modo geral,
abundancia e riqueza de Euglossini ndo foram estatisticamente diferentes entre fragmentos urbanos e rurais. O
indice de borda do fragmento foi preditor de riqueza e diversidade das abelhas. A conectividade estimada também
foi preditora da riqueza. Fragmentos com maior similaridade em relagdo a estrutura paisagistica foram também
mais similares em relag@o a composi¢ao faunistica.

Palavras-chave: Euglossini, conservagdo, diversidade, Estado do Acre.
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Introduction

Deforestation in the state of Acre has continually increased in
the last decades, resulting in forest fragmentation (Salimon & Brown
2000). One of the main consequences of forest fragmentation is
edge effects and these effects are responsible for biotic and abiotic
alterations in the ecosystem (Lovejoy et al. 1986, Murcia 1995,
Kapos et al. 1997, Nascimento & Laurance 2006). According to
Kapos et al. (1997) and Turton & Freiburger (1997), the effects on the
microclimate are limited to between 15 and 60 m of edge. However,
for the biota, the effects can reach longer distances (Lovejoy et al.
1986, Laurance & Bierregaard Junior 1997).

The connectivity between fragments does not depend exclusively
on the distance between them, but also on the existence of corridors
that facilitate movement of species and the resistance level of the
matrix, that also hinders this movement (Rosenberg et al. 1986).

Insects are highly susceptible to forest fragmentation effects
(Didham et al. 1996). For this reason, many researchers are using
this group as bioindicators of preserved and disturbed areas
(Rosenberg et al. 1986, Davies & Margules 1998, Davis 2000).

Euglossine bees are commonly known as orchid bees,
encompassing slightly over 200 described species distributed into five
genera (Dressler 1982, Nemésio & Rasmussen 2011). According to
Roubik (1989), Euglossine males and females pollinate and collect
food from at least 23 botanical families. The males also visit flowers
from other families, especially Orchidaceae, from which they collect
fragrance substances. Thus, the Euglossine play a very important role
in seed production and maintenance of reproductive isolation and
genetic variability of botanical populations (Roubik & Hanson 2004).

Generally, areas with more forest cover have more abundance
and diversity of Euglossini (Dressler 1982, Roubik 1989). For this
reason, these bees are considered as bioindicators with respect to the
conservation status of the respective area (Morato 1994).

Due to the ecological importance of the euglossine bees the effects
of forest cover loss in fragmented landscapes upon their assemblies
is of utmost relevance. These studies may provide subsidies for the
management and biology of native and cultivated botanical species of
economic potential and that are pollinated by these bees. The objective
of'this work was to investigate the effects of forest fragmentation and
of loss of vegetative cover on Euglossine bees’ assemblages in the
region of Rio Branco, Acre, Brazil.

Materials and Methods

1. Study areas

The state of Acre is located in the extreme west of the northern
region of Brazil. It is comprised of an area of 164,221.36 Km?,

approximately 4% of the Amazon Region and 1.9% of the Brazilian
area (Acre 2006). The annual average temperature varies between 22°
and 24 °C and the annual total average precipitation varies between
1,600 and 2,750 mm, January being the rainiest month and July the
driest (Duarte 2005). Open Rain Forest, bamboos, palm trees and
dense forest predominate in the region (Silveira 2005, Acre 2006).

Sampling was done in ten forest fragments located in the
municipality of Rio Branco and surrounding areas, in the state of
Acre. These fragments were characterized according to their location
as urban forest or rural forest (Table 1). Fragment sizes varied from
60 to 3,665 ha and the shortest and longest distance between sampling
points were 2 km and 48 km, respectively.

2. Sampling

Sampling was performed during the moist season (of greater
activity for most species) and extended to the dry season, during
the months of December 2005 to September 2006, similarly to the
sampling procedure used in the Amazon state by Morato (1994).
Sampling efforts were approximately 36 hours in each fragment. The
bees were attracted by use of six odoriferous substances: vanillin,
cineol (eucalyptol), eugenol, methyl salicylate, benzyl acetate and
skatole (Oliveira & Campos 1996).

In each fragment three sampling points were selected and that
were 300 m distant from each other. At points 1 and 3, sets of six
traps consisting of 500 mL mineral water bottles were placed. At
point 2 sets with six odoriferous baits made of cotton swabs were
placed and the collection were made with entomological nets. At the
three points, the traps or baits were tied with a nylon thread, at 1 m
distance from each other and at approximately 1.5 m height from
the ground surface.

In each fragment, 6 collection were made with entomological nets
in the period of 7:00 AM to 1:00 PM, interval of greater activity of
these bees in tropical forests (Dodson et al. 1969). In each fragment,
the traps were set up in the first day of sampling and removed in the
last, remaining in place during the 6 days of collection and being
re-charged with the odoriferous substances daily. Bees were killed
with ethyl acetate and deposited at the Collection of the Universidade
Federal do Acre (UFAC).

3. Geoprocessing

The fragments polygons were mapped by use of CBERS images
from 2005 and the sites were GPS (Global Positioning System)
referenced. The distances between fragments were estimated by
imagery analysis by ArcGis 9.0 Software. Areas (ha) and perimeters
(Km) of the fragments were estimated by their respective polygons.

In this study, edge was analyzed through an index, which by
definition is the relation between the perimeter and the area of each

Table 1. Location and classification of the forest fragments sampled in the municipality of Rio Branco and surroundings, Acre.

Site Site code Classification Coordinates
Humaita Reserve HUM Rural 9°45°17” S and 67° 40’ 15” W
Catuaba Experimental Farm CAT Rural 10°4°40” S and 67° 37° 35" W
Forestry School ESF Rural 9°59°58” S and 67° 59’ 14" W
Bujari Private Area BUJ Rural 9°49°02” S and 67° 58’ 18” W
Pro-Indian Commission of Acre Area CPI Rural 10°00°29” S and 67° 54° 6" W
Zoobotanical Park PZ Urban 9°57°21” S and 67° 52° 22” W
Military Circle CML Urban 9°57°24” S and 67° 48’ 16" W
Horto Florestal HOR Urban 9°56’41” S and 67° 49’ 45” W
Chico Mendes Park PCM Urban 10° 02’ 8” S and 67° 47 44" W
Environmental Protection Area of Amapa APA Urban 10°1°29” S and 67° 48’ 33" W
Urban Center of Rio Branco CURB Urban 9°5819” S and 67° 48’ 27" W
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fragment. Connectivity was defined as the inverse of the average
distance between the sampled fragment edge and the edge closest
to all existing surrounding fragments within an up to 5 km radius.

4. Data analysis

Correlations were calculated by Pearson (r) coefficient and
simple linear regressions (Sokal & Rohlf 1995). Diversity indices of
Shannon-Wiener (H”) and of individual dominance of Berger-Parker
(Magurran 1988) were calculated for all fragments studied.

The similarity between fragments in relation to the Euglossine
fauna and the landscape structure of the fragments was calculated
through the Bray-Curtis index (Beals 1984, Ludwig & Reynolds
1988). In the latter, a data matrix standardized by the standard
deviation of the variables was used. The matrix generated by Bray-
Curtis index as related to the faunistic composition was also correlated
with a similarity matrix generated by the qualitative index of Jaccard
(Pielou 1984).

The faunistic similarity and landscape structural matrices
between the areas were correlated with the matrix of the spatial
distance between them. The significance of the coefficients of these
correlations was tested by Mantel permutation test (Sokal & Rohlf
1995). One thousand permutations were used for the calculation of
Z, as recommended in Fortin & Gurevitch (1993).

Based on their faunistic similarity and landscape structural
matrices, forest fragments were grouped in dendrograms by the
UPGMA method (Pielou 1984, Ludwig & Reynolds 1988).

By definition, landscape structural similarity is the similarity
between the fragments in relation to area size, perimeter, edge index,
connectivity, standard deviation of the connectivity and number of
surrounding fragments and the quantity of forest cover existing within
the radius of up to 5 km from the sample collection point.

In this work, species that presented more than 11 individuals were
considered as common species.

Partial correlations of first order were calculated between the
faunistic similarity, the structural similarity and the spatial distance
between the fragments (Sokal & Rohlf 1995). This procedure was
performed to verify the influence of a variable on the correlation
between two others.

Results

In this study 3,675 euglossine males belonging to 4 genera
and 36 species were collected (Table 2). Eulaema cingulata
(Fabricius) (24.6%), Eulaema meriana (Olivier) (14.6%),
Euglossa amazonica Dressler (10.5%), Eulaema nigrita Lepeletier
(9.7%), Eulaema pseudocingulata (Oliveira) (7.2%) e Euglossa
modestior Dressler (6%) were the most abundant and were present in
all fragments. The richness and abundance of euglossine males in the
sampling areas correlated significantly (r = 0.78; p = 0.005; df =9).
The more abundant species occurred in a greater number of fragments.

From the total number of individuals, 1,945 (52.9%) were
collected in urban fragments and 1,730 (47%) in rural fragments.
Approximately 51.4% of the individuals belonging to the
genus Eulaema Lepeletier and 42.4% of those from Exaerete
Hoffmannsegg were collected from rural fragments whereas 62.3% of
Euglossa Latreille and 63.1% of Eufriesea Cockerell came from urban
fragments. Among the most abundant species Eufiiesea surinamensis
(Linnaeus) and Euglossa prasina Dressler occurred exclusively in
the urban fragments (Table 2). There was no significant difference
in richness between the urban and rural fragments.

The data referring to the fragments’ area, perimeter, edge,
connectivity, connectivity standard deviation, number of surrounding
fragments, as well as the abundance, richness, diversity and dominance

http://www.biotaneotropica.org.br/v13nl/en/abstract?article+bn03413012013

of euglossine bees are presented in Table 3. The correlations between
landscape variables with richness, abundance and diversity are
presented in Table 4. Significant correlations were obtained between
richness and edge index (r=—0.85; p=0.001; df = 9) (Figure 1a) and
diversity and edge index (r =—0.74; p = 0.009; df = 9) (Figure 1b).

None of the most abundant species correlated positively with
the fragments’ edge index. Fragment perimeter correlated with
abundances of Fuglossa despecta Moure (r = 0.62; p = 0.04),
Euglossa cognata Moure (r = 0.89; p = 0.00), Fulaema mocsaryi
(Friese) r=0.61; p=0.04) and Exaerete frontalis (Guérin-Méneville)
(r=0.911; p = 0.00). Fragment area correlated with abundance of
Euglossa despecta (r = 0.76; p = 0.06), Euglossa cognata (r = 0.84;
p = 0.00), and Exaerete frontalis (r = 0.91; p = 0.00). Connectivity
was correlated with abundance of Euglossa bidentata Dressler
(r=0.85;p=0.00), Euglossa imperialis Cockerell (r=0.68; p=10.01),
E. cingulata (r = 0.76; p = 0.02), E. mocsaryi (r = 0.62; p = 0.04)
and Exaerete smaragdina (Guérin-Méneville) (r = 0.91; p = 0.00).
Euglossa allosticta Moure was the only species that correlated
positively with the number of surrounding fragments (r = 0.74;
p=0.00).

The Catuaba Experimental Farm, Zoobotanical Park, Amapa’s
Area of Environmental Protection and Humaita Reserve were the
fragments that presented the greatest richness (Table 3). Catuaba
Experimental Farm, Amapa’s Area of Environmental Protection,
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Figure 1. (a) Relation between Euglossine richness (S) and fragment borders in
Southwest Amazonia (y =-31.92x +23.85; p=0.001; r>=0.73). (b) Relation
between Euglossine diversity (H”) and fragment border index of the southwest
Amazonia (y =- 1.25x +2.39; p=0.009; r* = 0.54). HUM = Humaita Reserve;
CAT = Catuaba Experimental Farm; ESF = Forestry School; BUJ = Bujari
Private Area; CPI = Pro-Indian Commission of Acre Area; PZ = Zoobotanical
Park; CML = Military Circle; HOR = Horto Florestal; PCM = Chico Mendes
Park; APA = Environmental Protection Area of Amapa and CURB = Urban
Center of Rio Branco.
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Table 3. Structural characteristics, richness and abundance of Euglossine bees in forest fragments of Southwest Amazonia.

Connectivity Number of

Perimeter Area Edge Connectivity Standard

Richness Abundance Dominance Diversity

Collection Location (Km) (ha) Index (Km) Deviation surrounding S) N) (D) (H)
(Km) fragments

Humaita Reserve 58.55 3,665 0.02 0.54 864.56 8 23 223 0.38 2.35

Catuaba 3276 1281 0.03 1.09 683.73 12 27 665 0.46 2.15

Experiemental Farm

Forestry School 27.33 698 0.04 0.76 905.68 15 21 224 0.20 2.49

Bujari Private Area 10.67 290 0.04 0.46 126.98 9 20 277 0.39 2.08

Pro-Indian

Commission of Acre 6.13 69  0.09 0.47 118.94 14 21 341 0.30 2.26

Area

Zoobotanical Park 11.95 221  0.05 0.64 1216.61 12 25 480 0.20 2.44

Military circle 11.70 119  0.10 0.63 1155.34 8 17 268 0.17 2.28

Horto Florestal 5.15 61 0.08 0.43 1257.14 19 20 284 0.29 2.29

Chico Mendes Park 5.17 65  0.08 0.40 1334.27 9 21 216 0.22 2.48

Environmental

Protection Area of  8.90 120 0.07 0.41 1035.14 12 24 606 0.27 2.35

Amapa

Urban Center of Rio 0.37 0.83 045 0.30 1232.02 12 10 91 0.35 1.79

Branco

Table 4. Relation between landscape variables from the forest fragments
in Southwest Amazonia and Euglossine richness, abundance and diversity.

Predicting Predicted
variable variable P gl
Area Richness 0.34 0307 9
Abundance  —0.01 0.963 9
Diversity 0.14 0.68 9
Perimeter Richness 046  0.155 9
Abundance 0.1 0.757 9
Diversity 0.25 0.45 9
Edge index Richness -0.85  0.001 9
Abundance  —0.47  0.145 9
Diversity -0.74  0.009 9
Connectivity Richness 0.57  0.061 9
Abundance 0.54 0.08 9
Diversity 0.19  0.568 9
Number of surrounding Richness 0.02  0.944 9
fragments Abundance  0.09  0.779 9
Diversity 0.05  0.877 9

Zoobotanical Park and Pro-Indian Commission of Acre Area
possessed the greatest abundance of euglossine males. The greatest
dominance was verified for Catuaba Experimental Farm, Bujari
Private Area, Humaita Reserve and the Urban Center of Rio Branco.
The lowest species diversity was verified for the Urban Center of Rio
Branco, when compared with the other fragments (Table 3).

The urban fragments presented the greatest average landscape
structural similarity among themselves (81.5%) when compared
with the rural fragments (72.5%). The average similarity between all
fragments was 75.1%. Among the urban fragments, Chico Mendes
Park and Environmental Protection Area of Amapa were the most
similar (92.4%) and the most different were those of Environmental
Protection Area of Amapa and Urban Center of Rio Branco (72.8%).
Among the rural fragments, the most similar were the Forestry School

http://www.biotaneotropica.org.br/v13nl/en/abstract?article+bn03413012013

and Catuaba Experimental Farm (86.9%) and the least similar were
the Pro-Indian Commission of Acre Area and Catuaba Experimental
Farm (63.4%). Considering all fragments, Chico Mendes Park and
Bujari Private Area were the most similar (93.8%) and the most
different were Humaita Reserve and Urban Center (52.9%). The
formation of two groups as related to the landscape structure of the
fragments is depicted by a dendogram (Figure 2a).

In relation to faunistic similarity, the rural fragments presented
greater average similarity among themselves (61.9%) than the urban
(51.7%). The average similarity between all fragments was 50.5%.
The fragments with most similarity with respect to euglossine male
composition were Pro-Indian Commission of Acre Area and Bujari
Private Area (81.2%) and the least similar were Urban Center of Rio
Branco and Catuaba Experimental Farm (21.4%).

Similarity between fragments as related to composition of
euglossine is depicted by a dendrogram (Figure 2b). There was a point
formation within two main groups. One of these groups was composed
solely by urban fragments, and the Urban Center of Rio Branco was
the one that differed most. The other group was composed by the rural
fragments and by the urban Zoobotanical Park and Environmental
Protection Area of Amapa. Within this group, Catuaba Experimental
Farm and Environmental Protection Area of Amapa fragments were
the most different.

The structural landscape similarity of the fragments was positively
correlated with the faunistic similarity (r = 0.41; t =2.29;
p =0.002; df = 53) (Figure 3).

There was a correlation between Jaccard qualitative similarity
index and the Bray-Curtis quantitative similarity index (r = 0.63;
p = 0.000; df = 53) but there was no correlation between spatial
distance of the fragments and faunistic similarity index (r =0. 07,
oy = - 021, p=0.573; g.1 = 53).

The partial correlation between faunistic similarity and distance
maintaining the fragments structure constant was not significant (r
distance x faunistic similarity. structure 0.04; t = 0.34; p = 0.73; df = 52). There
was a partial significant correlation between faunistic similarity
and structure that maintained constant distance (r stetwre x faunistic similarity
distnce = (0. 41; t = 3.32; p = 0.00; df = 52).

Mantel
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Figure 2. (a) Similarity dendogram between forest fragments of Southwest
Amazonia as related to the landscape structure. (b) Similarity dendogram
between the collection points as related to composition of Euglossine males.
R =Rural; U= Urban; HUM = Humaita Reserve; CAT = Catuaba Experimental
Farm; ESF = Forestry School; BUJ = Bujari Private Area; CPI = Pro-Indian
Commission of Acre Area; PZ = Zoobotanical Park; CML = Military Circle;
HOR = Horto Florestal; PCM = Chico Mendes Park; APA = Environmental
Protection Area of Amapa and CURB = Urban Center of Rio Branco.

Discussion

The fragments that presented greater abundance of euglossine
males also presented the greatest richness. Becker et al. (1991) and
Morato (1994) also determined greater richness at the sampling sites
where abundance was greatest.

The most abundant species were amply distributed within the
region, and were present in nearly all fragments. Thus, communities
of euglossine bees in the region are not characterized by abundant and
dominant species for a locality. According to Hanski (1982) species
that present ample regional distribution are less subject to extinction.

The greatest abundance and richness of euglossine were recorded
for the urban fragments. Zanette et al. (2005) determined greater
richness of bees and wasps in urban ecosystems in the state of Minas
Gerais. According to Saure (1996) these fragments may serve as
shelter, centers for dispersion, stepping stones and green islands for
rare species.

Most of the species belonging to the genera Euglossa and
Eufriesea were collected from the urban fragments. Furthermore,
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Figure 3. Relation between landscape structural similarity (%) and faunistic
similarity (%) of Euglossine in forest fragments in southwest Amazonia
(y = 0.50x + 13.41; p = 0.00; 1> = 0.17). Each point represents one pair of
compared areas.

the presence of five species exclusively in these fragments, among
them Exaerete dentata (Linnaeus) that had not yet been recorded
in the region, are evidence of the importance of these areas for the
maintenance of these bees communities.

Parra-H & Nates-Parra (2007) studied the variation in
communities of Euglossini in urban, rural, and conservation
environments and considered Eulaema bombiformis (Packard) and
E. frontalis to be associated with very conserved areas, a result that
was similar to the one obtained in the present study.

The hypothesis tested herein that areas or fragments of larger size
possess greater abundance and richness of euglossine bees was not
corroborated. Generally, the size of the fragments was not an adequate
predictor of abundance and richness of Euglossini. However, the
Catuaba Experimental Farm, the second largest fragment, presented
greater abundance and richness of these bees and the Urban Center
of Rio Branco, the smallest area fragment, presented the lowest
abundance and richness. Other studies have also demonstrated
that the fragment size has no influence on abundance and richness
of Euglossini (Peruquetti et al 1999, Tonhasca Junior et al. 2002,
Nemésio & Silveira 2010). In contrast, Brosi (2011) found that
Euglossini abundance and richness was significantly positively related
to fragment area in southern Costa Rica. Nemésio & Silveira (2007),
in Southeastern Brazil, verified that abundance of orchid bees tend to
increase with fragment size, although no correlation between species
richness and fragment size was obtained.

Becker et al (1991) sampled the same area as Powell &
Powell (1987), and did not determine the existence of a relation
between fragment size and abundance and richness of Euglossini.
However, they registered the presence of Eufriesea pulchra (Smith),
E. amazonica, E. modestior and E. mocsaryi exclusively in small
fragments (1 and 10 ha). Conversely, however, this study registered
the presence of E. pulchra in fragments of larger area, E. mocsaryi was
only absent in the Horto Florestal and E. amazonica and E. modestior
were collected in all fragments.

In the present study, as observed in those by Becker et al.
(1991) and Powell & Powell (1987), Euglossa intersecta (Latreille),
Euglossa crassipunctata Moure, Euglossa iopyrrha Dressler,
E. meriana e E. frontalis were present in the larger size fragments.

Peruquetti et al (1999) recorded greater richness of Euglossini in
smaller fragments in the Atlantic Forest, and inferred that the results
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may be explained by the model of disturbance gradients in which the
environments with intermediate rates of disturbance present greater
richness of species as also inferred by others (White & Pickett 1985,
Pickett & White 1985).

Baldi (2008) detected greater heterogeneity of habitats in
smaller areas and determined that the richness of different groups of
arthropods is more influenced by the heterogeneity of habitats than
the size of the area.

The Humaitd Reserve, fragment of largest area in this study,
was not the one to contain the greatest abundance and richness of
species. In that location, 223 individuals belonging to 23 species
were collected. Nemésio & Morato (2004) collected 254 individuals
belonging to 22 species in this same area, although these authors
conducted eight samplings on a monthly basis and from different
sites within the same area. The similarity between results from this
study and that of Nemésio & Morato (2004) indicates the necessity
of several collection points within the same area to determine the
euglossine fauna of a fragment. Few samplings at fixed points may
not be sufficient to accurately represent the populations of these bees.
Nemésio & Morato (2006) collected 1024 individuals belonging to 29
species at Catuaba Experimental Farm and 720 individuals belonging
to 27 species at the Zoobotanical Park. Results from the present study
were similar for richness of Euglossini in both areas. Thus, the large
quantity and richness of individuals collected in fragments of smaller
size demonstrates the importance of conservation of small forest areas
in an urban matrix. In other parts of the world, in different biomes,
studies have been demonstrating the importance of these vegetation
islands in urban matrices for the conservation of bees’ populations
(Matheson et al 1996).

The hypothesis that fragments with greater edge areas possess
different abundance and richness from those with smaller edge areas
was partially corroborated. The abundance of euglossine bees was
not affected by fragment edge area. However, fragments that had
smaller edge areas were the ones that presented greater richness and
diversity of euglossine bees.

Powell & Powell (1987) verified that orchid bee visitation
indices decreased after areas in the Biological Dynamics of Forest
Fragments Project, Manaus, Amazonas, were isolated. Morato (1994)
collected greater abundance of Euglossini in forest areas than in edge
areas and in cleared areas in Central Amazonia and did not detect
significant differences regarding richness of bees in any of these three
environments. The results indicated that some species present certain
preference patterns. According to Nemésio & Silveira (2006) the
specific responses of euglossine bees are more important to evaluate
edge effects than their abundance and richness.

Morato (1994) verified Euglossa securigera Dressler and E.
mocsaryi preference for edge areas and cleared areas. However,
in this study, presence of E. securigera occurred in two fragments
with large edge areas, and in two with smaller areas. Presence of E.
mocsaryi was not registered only in the Horto Florestal, fragment
with the greatest edge area.

Nemésio & Silveira (2006) collected more abundance of Euglossa
analis Westwood in the interior of the forest and of E. cingulata close
to the edge. The only individual of E. analis registered in this study
was collected in the Zoobotanical Park, a fragment with intermediary
edge size. With respect to E. cingulata the majority of the individuals
(70.5%) were collected in rural fragments that possess, on average,
smaller edge areas than the urban ones.

In general, insects respond in a different manner to the different
types of environmental disturbance (Schowalter 1985, Samways
1994). The difference between results from the present study and those
of Morato (1994) and Nemésio & Silveira (2006) may be associated
with factors other than edge effects. According to Armbruster (1993)
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the environmental heterogeneity may also explain local distribution
patterns of the euglossine species.

The hypothesis that fragments with greater connectivity have
greater abundance and richness of bees was partially corroborated.
In general, abundance of individuals was not significantly affected
by connectivity of the areas. However, the more connected fragments
presented greater richness of Euglossini. Nevertheless, the quantity
of surrounding fragments sampled did not interfere with species
richness. This may be related to the greater flight capacity of these
species (Janzen 1971, Raw 1989). Thus, small cleared areas do not
constitute effective barriers for these communities.

The Catuaba Experimental Farm, the site that presented the
highest connectivity, was the fragment that had the greater abundance
and richness of species whereas the Urban Center of Rio Branco,
area of lowest connectivity, had the lowest abundance and richness.

The great majority (74.8%) of individuals belonging to the E.
nigrita species in this study were collected in urban fragments. The
greatest and smallest proportions of this species were collected,
respectively, in the Urban Center of Rio Branco and Humaita
Reserve. The presence of E. nigrita in the National Park of Serra
do Divisor, state of Acre, was not registered by Morato (2001), and
this another indication that this species does not occur within areas
of conservation.

According to Janzen (1983) certain groups of animals that occur
in fragments can forage in more open environments and impacted
edges. Therefore, the quantity of vegetation patches in an urban
matrix can be very important for the conservation of euglossine bees.

Tonhasca Junior et al. (2002) verified a decrease in faunistic
similarity associated with the euglossine fauna with the increase
in distance between the sampled fragments. In the present study,
the closest fragments were the ones that presented most similarity
in association with the landscape structure. Therefore, the distance
between the fragments had no effect in the faunistic similarity between
them. The closest fragments were not necessarily those with more
similarity in regards to species composition.

Fragments that presented greater structural landscape similarity
also possessed greater faunistic similarity. The correlation between
distance and faunistic similarity between the fragments, maintaining
the structural similarity of the landscape constant, was not significant.
But, when the distance is maintained constant, a significant correlation
was obtained between faunistic similarity and fragments structure.
Hence, the structure of the fragments explains to a great extent the
faunistic composition of a given site.

Other factors such as availability and diversity of food sources,
nesting sites, sources of odoriferous substances and availability of
mating sites may have influenced the results obtained in this study,
and consequently the euglossine population structure.

Thus, forest cover and the quality of the matrix surrounding the
fragments is much more important for the understanding of the effects
of forest fragmentation upon the euglossine bees than the structural
characteristics of the fragments that have been previously studied,
such as the area. Therefore, hypotheses considering the internal
structure and the floristic composition of the fragments should be
evaluated in future studies.
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Mirim, Sao Paulo State, Brazil. Biota Neotrop. 13(1): http://www.biotaneotropica.org.br/v13nl/en/
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Abstract: A two and a half year survey was conducted at a dam in southeastern Brazil. Shannon Traps were used
for sampling. Kruskal-Wallis test showed little relation between rainfall and abundance. The data clearly show
three abundance peaks, all of them in the end of the dry season, in consonance with the scarce literature existent.
Although Kruskal-Wallis Test did not find a clear preference for the dry season, Pairwise Wilcoxon Rank Test
revealed a significant difference between Fall and Spring samples. Ma. titillans population had a peak on late
winter/early spring, close to the begin of wet season.

Keywords: mansoniini, insect vector, artificial lake.

D’AVILA, F.A. & GOMES, A. C. Sazonalidade de Mansonia titillans durante a constru¢ao de uma represa,
Biritiba-Mirim, Estado de Sdo Paulo, Brasil. Biota Neotrop. 13(1): http://www.biotaneotropica.org.br/v13n1/
pt/abstract?article+bn01213012013

Resumo: Uma pesquisa de dois anos e meio foi realizada em uma represa no sudeste do Brasil. Foram utilizadas
Armadilhas de Shannon para coleta. O teste Kruskal-Wallis mostrou pouca correlagdo entre a precipitagao e
abundéncia. Os dados mostram claramente trés picos de abundancia, todos eles no final da estacdo seca, em
consonancia com a escassa literatura existente. Apesar do teste de Kruskal-Wallis ndo ter encontrado uma clara
preferéncia pela estagdo seca, o Teste de Wilcoxon par-a-par revelou uma diferenca significativa entre as amostras
do Outono e da Primavera. A populagdo de Ma titillans tem um pico no fim do inverno/inicio da primavera,
proximo ao inicio da estagao chuvosa.

Palavra-chave: mansoniini, inseto vetor, lago artificial.
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Introduction

Culicidae is one of the most studied insect family. Since late 19
century, when its role on yellow fever transmission (Franco 1969)
was discovered. Since than many others illness were attributed as
mosquito-borne, such as malaria, filariasis, and most of the caused
by arboviruses.

Mansonia titillans (Walker 1848) is widely distributed in the
Anmericas, occurring in tropical and subtropical Western Hemisphere
from Southern USA to Argentine, including Caribbean Islands
(Walter... 2011). It has some medical importance, as an irritating
nuisance and as possible vector of Venezuelan Equine Encephalitis,
which may cause sudden death and/or central nervous system
disorder in these animals and also humans (Carpenter & La Casse
1955, Méndez 2001).

Mansoniini tribe has, while immatures, an unique breathing
form. After hatching, the larvae attach their siphons, and themselves,
to submerged roots of aquatic plants, obtaining oxygen from its
aerenchymas. The pupae also remain attached to the roots of the plants
until time for emergence of the adults. Water lettuce (Pistia stratiotes
L.) and water hyacinth (Eichornia crassipes Kinth) are the principal
host plant (Harbach 2011). Due to this specificity, Mansoniini species
are quite dominant where aquatic plants are abundant, normally
eutrophized lakes and lagoons, frequently artificials.

Although its abundance, studies on Ma. titillans abundance and
seasonality are scarce. This study describes the population fluctuation
of this mosquito in artificial dam surroundings, near a metropolis in
southeastern Brazil.

Materials and Methods

A 32-month survey was conducted from May 2002 to December
2004 at Biritiba-Mirim Dam (23° 31° 74” S and 45° 57” 14” W), in
construction at the time, as part of its environmental impact analysis.
At homonymous city and river, this dam is part of a water provision
and flood control complex, Producer System of High Tieté (SPAT,
in portuguese), in the ‘Rio Tieté’, about 70 km east from Sao Paulo
city. It is a tropical region characterized by seasonal flooding, with
a well defined rainfall season from November to March, accounting
more than 60% of the total annual rainfall of about 1,400 mm, and
a dry season from April to October. Average annual temperature is
25.9 °C (Centro... 2011).

Native vegetation on High Tieté Basin is majorly ‘Mata Atlantica’
rainforest. At the dam surrounding is common to find a mosaic of
native vegetation and human activities, such as agriculture, loam and
sand mines and eucalyptus reforestation (Centro..., 2001).

Mosquito catches were realized monthly, in a forest fragment
near the construction site. Captures were carried out with Shannon
Traps (Shannon 1939), gas-lamp lighted, two men operated, during
the first 4 hours after dusk. Cloroform-filled deadly tubes were used
to capture each specimen, it was then stored in labeled entomological
boxes and carried to ‘Laboratério de Entomologia em Saude Publica
(LESP) — FSP/USP’. All specimen were indentified according to
Forattini key (2002).

Monthly records of rainfall were obtained from a weather station
near the study site. Statistical analysis was performed using data
from monthly catches and climatic data through Spearman’s Rank
Correlation Coefficient, Pairwise Wilcoxon Rank Sum Test and
Kruskal-Wallis H tests (Lowry 2012, Sachs 1992, Siegel & Castellan
1988, Spearman 1904), non-parametric, to evaluate the significance
level of seasonal differences in insect abundance, and assess the
influence of climatic parameters on population dynamics. Shapiro-
Wilk Test (Shapiro & Wilk 1965) was used for normality test. All
analysis was performed using R Statistical Computing Environment.

http://www.biotaneotropica.org.br/v13nl/en/abstract?article+bn01213012013

Results

A total of 8,783 Culicidae were caught during the study period.
Mansoniini totalized 4,098 specimens, from the following species:
Coquillettidia albicosta Peryassui 1908, Coquillettidia chrysonotum
Peryassui 1922, Cogquillettidia hermanoi Lane & Hermanoi
1940, Cogquillettidia juxtamansonia Chagas 1907, Coquillettidia
venezuelensis Theobald 1912, Mansonia flaveola Coquillett 1905,
Mansonia indubitans Dyar & Shannon 1925 and Mansonia titillans
Walker 1848.

Ma. titillans (n=2,401) was 27.3% of all culicideans and 58.8%
of Mansoniini. Its abundance was equally important among the
capture sites. Ma. titillans females (98,4%) were more frequently
seen than males in the traps.

Interspecific competition with Coquillettidia and other Mansonia
species did not play a major role in this study, since relative abundance
of all species of this genus was consistently lower then Ma. titillans
during the two and a half years studied.

The weather was typical for the region during the studied
period. The dry season take place between late fall and early spring,
during 4 months, with some period variation. Rainy season began
in September-October, and the heaviest rainfall period was from
December to February (Figure 1).

Three population peaks were recorded (Figure 2), all of them
occurred in September [2002] or October [2003/2004], coinciding
with the end of the dry season and beginning of the wet one at this
region.

First of all, the normality of the samples distribution was tested
through Shapiro-Wilk Test and, as expected, normality of the sample
was rejected (p <0.001 , W =0,67)

The Kruskal-Wallis Test was performed to search for preference
among the seasons. The null hypothesis, that the samples from
different seasons have the same median, was accepted (H ="7.6779,
p =0.05316, df = 3), indicating that the seasonality of Ma. titillans
was not directly determined by rainfall.

Spearman’s rank correlation coefficient showed little correlation
between rainfall and Ma. titillans abundance (p =0.173), and also was
little when compared Other Mansoninii with rainfall (p = 0.008) and
Ma. titilans and other Mansoninii abundance (p = 0.017).

On Pairwise Wilcoxon Rank Sum Test, a significant difference
was found between the Fall and Spring samples (0.049), while all
other comparisons were non-significant.

Discussion

Although statistical insignificance, Kruskal-Wallis’ p-value was
placed at the boundary of H,acceptance. This data is complemented
by Pairwise Wilcoxon, which had significant difference. The
combination of both tests can be interpreted by Ma. titillans having
a relative stable abundance along the year, with one peaks of great
abundance. So is clear that there are cyclical peaks of abundance,
somehow related to the seasons of the year.

The statistical analysis of the data did not reveal a connection
between abundance and rainfall; this result can be explained by its
ecology. Ma. titillans immature stages live on permanent breeding
sites, which abundance and quality are not directly dependent of
rainfall allowing Ma. titillans to be abundant throughout the year.
An explanation on abundance peaks can be its breathing technique;
using aerenchymas allow Mansoniini, and Ma. titillans specifically,
to find they optimum environment, while others, Iwhen also living
on eutrophized waters, find hard times during dry season. De Kruijf
(1975) also registered an abundance peak at similar season.

http://www.biotaneotropica.org.br
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Figure 1. Rainfall data in the Biritiba-Mirim Dam, State of Sao Paulo, Brazil, May 2002 to December 2004.
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Figure 2. Seasonal fluctuation of Mansonia titillans in the Biritiba-Mirim Dam, State of Sdo Paulo, Brazil, May 2002 to December 2004.

Ma. titillans is dependent of aquatic plants, which are normally
perennial, so dry season may be when interspecific competition is
less important and less strong.

Remarkable differences have been described regarding abundance
of Ma. titillans in modified and primeval areas, while Taddei
(1996) found relative frequency of 94%, studies in other ‘Mata
Atlantica’ areas found much lower abundances (Guimarées et al.
2004, Reis et al. 2010, Forattini et al. 1986). This data indicates that
Ma. titillans is a species mainly found in man-made environment,
bringing, commonly, nuisance more than bearable to man and cattle,
like in Tucurui.

In conclusion, when living in optimum environment, Ma. titillans
shows a behavior with population peak in late winter/early spring,
close to the begin of wet season.

http://www.biotaneotropica.org.br
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BARBANTI, B., CAIRES, R. & MARCENIUK, A.P. The ichthyofauna of the Bertioga Channel, So Paulo,
Brazil. Biota Neotrop. 13(1): http://www.biotaneotropica.org.br/v13nl/en/abstract?inventory+bn02913012013

Abstract: The Bertioga Channel, on the coast of the S&o Paulo state, is delimited by the continental shore and the
island of Santo Amaro, and represents a secondary connection of the Santos-S&o Vicente estuarine complex to the
ocean and adjoins the municipalities of Santos, Guaruja and Bertioga. In the present study collections were made
between December 2009 and November 2010 in the northern stretch of the Bertioga Channel (23° 517 23,83” S,
46° 07’ 58, 87” W to 23° 53” 31,72” S, 46° 11’ 17,74” W) in order to provide an inventory of the ichthyofauna
of the region. A total of 1,429 specimens were collected, belonging to 78 species, 67 genera, 39 families and
14 orders. The most species rich families were Sciaenidae (nine spp.), Carangidae (nine spp.), Haemulidae (seven
spp.), and Ariidae (five spp.). The most abundant species were Stellifer rastrifer (n = 243), Harengula clupeola
(n = 182), Cathorops spixii (n = 144), Oligoplites palometa (n = 109) and Mugil curema (n=102). The species
Achirus lineatus, Atherinella brasiliensis, Cathorops spixii, Chaetodipterus faber, Citharichthys spilopterus,
Genidens genidens, Micropogonias furnieri and Stellifer rastrifer, were collected in all seasons of the year. Of
the species encountered, six were considered constant, 19 accessorial and 53 occasional. In relation to habitat
association, 40 species are marine-estuarine, 26 species marine, 11 species estuarine and one species freshwater,
being 52 demersal species and 26 pelagic species. Eleven species are included in red lists. Additionally, an
identification key to the species of the northern stretch of the Bertioga Channel is presented.

Keywords: Estuary, biodiversity, conservation, identification key, Santos-Sdo Vicente estuarine complex.

BARBANTI, B., CAIRES, R. & MARCENIUK, A.P. A ictiofauna do Canal de Bertioga, Sdo Paulo, Brasil.
Biota Neotrop. 13(1): http://www.biotaneotropica.org.br/v13nl/pt/abstract?inventory+bn02913012013

Resumo: O Canal de Bertioga, localizado no litoral do estado de Sdo Paulo, é delimitado pelo continente e
pela ilha de Santo Amaro, constituindo a unidade natural que conecta os municipios de Santos, Guaruja e
Bertioga, representando uma segunda conexdo do complexo estuarino de Santos-S&o Vicente com o0 oceano.
No presente estudo foram realizadas coletas, entre dezembro de 2009 a novembro de 2010, no trecho norte do
Canal de Bertioga (23° 51’ 23,83” S e 46° 07’ 58,87 O e 23° 53" 31,72” S e 46° 11’ 17,74” O), com 0 objetivo
de inventariar a ictiofauna da regido. Foram coletados 1.429 exemplares, pertencentes a 78 espécies, incluidas
em 14 ordens, 39 familias e 67 géneros. As familias mais especiosas foram Sciaenidae (nove spp.), Carangidae
(nove spp.), Haemulidae (sete spp.), e Ariidae (cinco spp.), e as espécies mais abundantes foram Stellifer rastrifer
(n = 243), Harengula clupeola (n = 182), Cathorops spixii (n = 144), Oligoplites palometa (n = 109) e Mugil
curema (n = 102), sendo que Achirus lineatus, Atherinella brasiliensis, Cathorops spixii, Chaetodipterus faber,
Citharichthys spilopterus, Genidens genidens, Micropogonias furnieri e Stellifer rastrifer, ocorreram em todas
estacdes do ano. Das espécies encontradas, seis foram reconhecidas constantes, 19 acessérias e 53 ocasionais.
Em relacgdo aos seus habitos, 40 espécies sdo marinho-estuarinas, 26 marinhas, 11 estuarinas e uma de agua doce,
sendo 52 espécies demersais e 26 peldgicas. Onze espécies sdo relacionadas em listas de espécies ameacadas.
Adicionalmente, ¢ apresentada uma chave de identificag@o para as espécies do trecho norte do Canal de Bertioga.
Palavras-chaves: Estudrio, biodiversidade, conservagdo, chave de identificagdo, complexo estuarino de Santos-
Sdo Vicente.
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Peixes do Canal de Bertioga

Introducédo

O Canal de Bertioga esta inserido na porgéo norte da regido
metropolitana da Baixada Santista, litoral sul do estado de S&o Paulo
(Figura 1), delimitado pelo continente e pela ilha de Santo Amaro
(Bernardes 2001, Santos et al. 2007). Enquanto a desembocadura sul
conecta o Canal de Bertioga ao complexo estuarino de Santos-S&o
Vicente, a desembocadura norte representa uma segunda conexao do
complexo estuarino com o oceano (Miranda et al. 1998). O Canal de
Bertioga tem aproximadamente 25 km de extensao, largura média
variando entre 200 a 700 m, e profundidade média variando entre 3
a 6 m, podendo atingir profundidades de até¢ 12 m, na confluéncia
com os tributarios (Miranda et al. 1998). Seu principal tributario é o
rio Itapanhau, com uma descarga fluvial média de aproximadamente
10 m® s-1 (Miranda et al. 1998). A porcéo central, conhecida como
Largo do Candinho, é resultado do encontro das correntes de maré
provenientes da desembocadura norte e da desembocadura sul,
formando o “tombo das aguas”, que serve como uma barreira para
o fluxo das aguas provenientes das por¢des norte e sul do canal
(Bernardes 2001). O sistema bioldgico é o ecossistema de manguezal,
com espécies vegetais adaptadas a grande variacéo de salinidade, e
sedimentos lodosos, com baixo teor de oxigénio (Schaeffer-Novelli
& Cintron 1986, Schaeffer-Novelli 1991).

O estado de Sao Paulo esté incluido na Provincia Zoogeografica
Argentina, que se estende de Cabo Frio, no estado do Rio de Janeiro,
a Peninsula de Valdés, na Argentina (Figueiredo 1981). Essa provincia
¢ uma area de transi¢ao faunistica, sofrendo a influéncia das aguas
quentes da Corrente do Brasil e das aguas frias da Corrente das
Malvinas, incluindo os extremos meridionais de distribui¢do de
espécies tropicais e 0s extremos setentrionais de espécies temperadas,
com cerca de 10% de espécies endémicas (Figueiredo 1981). A
ictiofauna do estado de S&o Paulo é composta por espécies restritas a
Provincia Argentina, quanto por espécies com ampla distribui¢éo no
Atléntico, ou em outros oceanos. Segundo Castro & Menezes (1998),
a ictiofauna marinha do estado de S&o Paulo é bem conhecida e sua
taxonomia confidvel, sendo citadas para regidio cerca de 512 espécies
de peixes, pertencentes a 32 ordens e 120 familias, com uma parcela
delas apresentando parte do ciclo de vida associado a sistemas

Figura 1. Complexo estuarino de Santos-Séao Vicente (verde claro) e Canal de
Bertioga em destaque (verde escuro). A. Largo do Candinho; B. rio Itapanhad;
C. barra do canal.

Figure 1. The estuarine complex of Santos-S&o Vicente (light green), and
the Bertioga Channel highlighted (dark green). A. Largo do Candinho; B.
Itapanhad river; C. mouth of the Bertioga Channel.

http://www.biotaneotropica.org.br/v13nl/pt/abstract?inventory+bn02913012013

estuarinos (Carvalho-Filho 1999, Figueiredo & Menezes 1978, 1980,
2000, Menezes & Figueiredo 1980, 1985).

O complexo estuarino de Santos-Séo Vicente é considerado um
dos maiores criadouros naturais de peixes da regido sudeste do Brasil
(Paiva-Filho et al. 1987). O primeiro levantamento da ictiofauna
do complexo estuarino de Santos-S&o Vicente foi realizado por
Luederwaldt (1919), enquanto desde o final da década de 60 diversos
estudos abordaram aspectos da pesca, ecologia e biologia das espécies
encontradas naregido (Puzzi & Silva 1981, Paiva-Filho 1982, Goitein
1984, Goitein & Mesquita Filho 1985, Puzzi et al. 1985, Paiva-
Filho et al. 1986, Giannini & Paiva-Filho 1990, 1992, 1995, Paiva
Filho & Giannini 1990, Fundacdo... 1991, Fagundes et al. 2007),
com menor nimero de trabalhos de inventariamento (Vazzoler 1969,
Paiva-Filho 1982, Paiva-Filho & Toscano 1987, Giannini & Paiva-
Filho 1990, Fundag&o... 2006). Trabalhos de inventariamento da
ictiofauna do trecho sul do Canal de Bertioga foram realizados pela
Fundacéo... (1991) e de Rocha (2009), no entanto, faltam estudos a
respeito da ictiofauna do trecho norte do Canal de Bertioga.

O presente trabalho tem como objetivo o inventariamento da
ictiofauna do trecho norte do Canal de Bertioga, com dados de
distribuicdo e abundancia das espécies nas diferentes épocas do ano
e diferentes ambientes amostrados, ¢ a documentagdo fotografica
das espécies e das localidades de coleta. Complementarmente, é
apresentada uma chave de identificacdo para as espécies da regido.

Material e M étodos

A area de estudo abrangeu a porcéao norte do Canal de Bertioga,
entre a barra do canal, em Bertioga e Guaruja (23° 51’ 23,83” S e
46° 07’ 58,87 O), e 0 bairro do Caruara, em Santos (23° 53’ 31,72
Se46° 11’ 17,74” O) (Figura 1). As coletas tiveram como objetivo
amostrar 0 maior nimero possivel de espécies nestas areas, realizadas
com licenga do IBAMA, nimero 22841-1. Pescadores profissionais
da Colonia de Pescadores Z-23 (Bertioga), colaboraram com
informacdes a respeito das caracteristicas ambientais da regido e das
diferentes espécies de peixes existentes na regido. Coletas mensais
foram realizadas entre dezembro de 2009 e novembro de 2010,
em trés areas amostrais com caracteristicas ambientais distintas, a
primeira na por¢do mais interna do trecho norte Canal de Bertioga
(area 1, 23°53’28,73” S e 46° 11’ 05,63” O) (Figura 2b), a segunda
na confluéncia do rio Itapanhat com o Canal de Bertioga (area 2, 23°
51" 32,11” S e 46° 09’ 17,03” O) (Figura 2c), e a terceira no limite
norte, préximo a boca da barra (area 3, 23° 51’ 24,33” S e 46° 51’
24,33” O) (Figura 2a). Na area 1 foram utilizadas quatro técnicas
diferentes de coleta: rede de arrasto manual tipo picaré (Figura 2d),
com 4 m de comprimento por 2 m de altura e malha de 10 mm entre
nos opostos; rede de espera (emalhe), com 100 m de comprimento por
4 m de altura e malha de 70 mm entre n6s opostos; a mesma rede foi
utilizada na forma de caceio; rede de arrasto de fundo com portas, com
boca de 3 m e malha de 30 mm entre n6s opostos. Na area 2 e 3 foram
utilizadas as mesma técnicas descritas para area 1. Somente na area 3,
diferentes técnicas de coleta foram utilizadas devido as caracteristicas
ambientais encontradas na area, sendo também utilizada: tarrafa,
com raio de 2 m e malha de 40 mm entre nos opostos; covo com
isca, confeccionado com malha de 30 mm, 1 m de altura por um
metro e meio de comprimento; espinhel de anzéis com 80 m e 25
anzois de aco com farpa simples entre 1,5 a 7 cm; e pesca com linha
de mdo. Os parametros fisico-quimicos dos pontos de coletas foram
registrados com objetivo de caracterizar a area de estudo, através da
sonda multipardmetro da marca HANNA, calibragdo e certificacao da
1SO NBR. Os pardmetros avaliados foram o potencial de hidrogénio
(pH), oxigénio dissolvido (OD), salinidade e temperatura. O estadio
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Figura 2. Trecho norte do Canal de Bertioga: (a) barra do Canal de Bertioga (4rea 3); (b) praia lamosa na porgdo mais interna do canal (4rea 1); (¢) confluéncia
com o rio Itapanhau (area 2); (d) coleta com picaré em praia arenosa (area 1).

Figure 2. Northern stretch of the Bertioga Channel: (a) mouth of the Bertioga Channel (area 3); (b) muddy shore of innermost portion of the Bertioga Channel
(area 1); (c) confluent with Itapanhat River (area 2); (d) seine net collection on sandy shore (area 1).

de maturacdo dos exemplares foi determinado através de exame das
gobnadas sob microscopio estereoscopico

As espécies foram identificadas com base nas descrigdes e
chaves de identificagdo propostas por Figueiredo & Menezes (1978,
1980 e 2000), Menezes & Figueiredo (1980, 1985), Food... (2003)
e Marceniuk (2005), assim como através da comparacdo com
exemplares da colegdo ictiologica do Museu de Zoologia da USP.
A nomenclatura adotada seguiu Menezes et al. (2003) e Eschmeyer
(2011). A eficiéncia do esforgo amostral foi avaliada pela curva de
acumulacéo, ou curva do coletor, (Palmer 1990, Colwell et al. 2004),
através dos estimadores de riqueza Jacknifel, Jacknife2, Bootstrap,
Michaelis Menton e UGE (Colwell & Coddington 1994). As espécies
foram classificadas como constantes, acessorias ou ocasionais, com
base na frequiéncia de ocorréncia (respectivamente, igual ou maior
que 50%, igual ou maior que 25%, e menor que 25%), calculada
segundo Dajoz (1973). A diversidade e abundancia das espécies no
trecho norte do Canal de Bertioga foi determinada pela aplicacéo dos
indices de diversidade de Shannon-Wiener e riqueza de espécies de
Margalef. O célculo dos diferentes indices e curvas foram realizados
pelo programa Primer 6.0 (Primer-E 2004).

Na tabela e nas figuras, a sequéncia das ordens, familias e
subfamilias, seguem a classificag@o evolutiva adotada por Eschmeyer
(2011), enquanto os géneros e espécies estdo em ordem alfabética
dentro de cada familia. As espécies sdo reconhecidas como marinhas,
estuarinas e marinha-estuarinas com base em Figueiredo & Menezes
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(1978, 1980, 2000), e Menezes & Figueiredo (1980, 1985). As
espécies com algum grau de ameaca sao aquelas incluidas na lista
da fauna ameacada de extingdo do estado de S&o Paulo (S&o Paulo
2009). Exemplares representativos de cada uma das espécies coletadas
foram depositados na colegéo Zooldgica do Laboratério de Biologia
e Genética de Peixes da Universidade Estadual Paulista em Botucatu
(LBP), com amostras de tecido dos exemplares depositados na mesma
colecdo (Anexo I).

Resultados

Foram inventariadas 78 espécies de Teledsteos no trecho norte
do Canal de Bertioga (Figuras 3, 4, 5), distribuidos em 14 ordens e
39 familias, com 1.429 exemplares coletados (Tabela 1). A curva do
coletor atingiu a assintota, com a riqueza total de espécies obtida ao
termino esforco amostragem (Figura 6). Representantes da classe
Chondrichthyes néo foram coletados.

As ordens com maior nimero de representantes foram
Perciformes (49 spp.), Siluriformes (6 spp.), Tetraodontiformes
(5 spp.), e Clupeiformes (quatro spp.). As familias com maior
riqueza de espécies foram Carangidae (nove spp.), Sciaenidae (nove
spp.), Haemulidae (sete spp.), e Ariidae (cinco spp.). As espécies
mais abundantes foram Stellifer rastrifer (n = 243), Harengula
clupeola (n = 182), Cathorops spixii (n = 144), Oligoplites palometa
(n=109), Mugil curema (n = 102), Citharichthys spilopterus (n = 90),
Atherinella brasiliensis (n = 65), Diapterus rhombeus (n = 60),
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Figura 3. Espécies de peixes das ordens Clupeiformes, Siluriformes, Aulopiformes, Batrachoidiformes, Lophiiformes, Atheriniformes, Beloniformes,
Beryciformes, Syngnathiformes, Scorpaeniformes e Perciformes, do Canal de Bertioga.

Figure 3. Fish species of the orders Clupeiformes, Siluriformes, Aulopiformes, Batrachoidiformes, Lophiiformes, Atheriniformes, Beloniformes, Beryciformes,
Syngnathiformes, Scorpaeniformes, and Perciformes, from the Bertioga Channel.

Albulidae: (a) Albula vulpes, exemplar néo preservado, 36 mm CT. Clupeidae: (b) Harengula clupeola, LBP 10064, 92 mm CT; (c) Sardinella brasiliensis, exemplar
ndo preservado, 46 mm CT. Engraulidae: (d) Lycengraulis grossidens, LBP 10065, 134 mm CT,; (e) Anchoviella lepidentostole, exemplar ndo preservado, 35
mm CT. Ariidae: (f) Aspistor luniscutis, LBP 40502, 214 mm CT; (g) Bagre bagre, LBP 40597, 372 mm CT; (h) Cathorops spixii, LBP 40605, 276 mm CT; (i)
Genidens barbus, exemplar néo preservado, 130 mm CT; (j) Genidens genidens, LBP 10038, 110 mm CT. Callichthyidae: (k) Callichthys callichthys, exemplar
ndo preservado, 116 mm CT. Synodontidae: (I) Synodus foetens, exemplar n&o preservado, 38 mm CT. Batrachoididae: (m) Porichthys porosissimus, LBP 10034,
285 mm CT. Ogcocephalidae: (n) Ogcocephalus vespertilio, exemplar n&o preservado, 174 mm CT. Atherinopsidae: (0) Atherinella brasiliensis, LBP 40562,
109 mm CT. Belonidae: (p) Strongylura marina, exemplar ndo preservado, 590 mm CT; (q) Strongylura timucu, LBP 10057, 214 mm CT. Holocentridae: (r)
Holocentrus adscensionis, exemplar ndo preservado, 156 mm CT. Syngnathidae: (s) Syngnathus folletti, ndo preservado, 173 mm CT. Triglidae: (t) Prionotus
punctatus, LBP 10084, 85 mm CT. Centropomidae: (u) Centropomus parallelus, LBP 40501, 137 mm CT; (v) Centropomus undecimalis, LBP 40602, 284 mm
CT. Serranidae: (x) Diplectrum radiale, LBP 10069, 124 mm CT; (y) Epinephelus marginatus, n&o preservado, 174 mm CT; (w) Mycteroperca acutirostris,
ndo preservado, 322 mm CT; (z) Serranus flaviventris, LBP 10079, 101 mm CT. Pomatomidae: (aa) Pomatomus saltatrix, LBP 10082, 78 mm CT.
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Figura 4. Espécies de peixes da ordem Perciformes (continuacéo), do Canal de Bertioga.
Figure 4. Fish species of the orders Perciformes (continued), from the Bertioga Channel.

Carangidae: (a) Caranx latus, LBP 40535, 11,4 mm CT; (b) Chloroscombrus chrysurus, exemplar néo preservado, 34 mm CT; (c) Hemicaranx amblyrhynchus,
LBP 10054, 287 mm CT; (d) Oligoplites palometa, LBP 10053, 298 mm CT; (e) Oligoplites saliens, exemplar néo preservado, 313 mm CT; (f) Selene setapinnis,
LBP 10083, 46 mm CT; (g) Selene vomer, LBP 10046, 35 mm CT; (h) Trachinotus carolinus, LBP 10067, 235 mm CT; (i) Trachinotus falcatus, LBP 1044,
278 mm CT. Lobotidae: (j) Lobotes surinamensis, LBP 10052, 35 mm CT. Gerreidae: (k) Diapterus rhombeus, LBP 10078, 140 mm CT; () Eucinostomus
melanopterus, ndo preservado, 84 mm CT; (m) Eugerres brasilianus, exemplar ndo preservado, 250 mm CT. Haemulidae: (n) Anisotremus surinamensis,
LBP 10059, 250 mm CT; (0) Anisotremus virginicus, exemplar ndo preservado, 190 mm CT; (p) Conodon nobilis, exemplar ndo preservado, 196 mm CT; (q)
Genyatremus luteus, LBP 10033, 267 mm CT; (r) Haemulon steindachneri, LBP 10058, 298 mm CT; (s) Orthopristis ruber, exemplar ndo preservado, 197
mm CT; (t) Pomadasys corvinaeformis, exemplar ndo preservado, 126 mm CT. Sparidae: (u) Diplodus argenteus, LBP 10068, 221 mm CT. Sciaenidae: (V)
Bardiella ronchus, LBP 40524, 123 mm CT; (w) Cynoscion acoupa, LBP 40599, 390 mm CT; (x) Cynoscion microlepidotus, LBP 40588, 378 mm CT; (y)
Isopisthus parvipinnis, LBP 10072, 194 mm CT; (z) Larimus breviceps, exemplar n&o preservado, 115 mm CT; (aa) Menticirrhus americanus, LBP 10073,
165 mm CT; (ab) Micropogonias furnieri, LBP 10070, 340 mm CT.
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Figura 5. Espécies de peixes das ordens Perciformes (continuagéo), Pleuronectiformes e Tetraodontiformes, do Canal de Bertioga.
Figure 5. Fish species of the orders Perciformes (continued), Pleuronectiformes and Tetraodontiformes, from the Bertioga Channel.

Perciformes: (a) Stellifer rastrifer, LBP 10074, 117 mm CT; (b) Umbrina coroides, exemplar néo preservado, 304 mm CT. Polynemidae: (c) Polydactylus virginicus,
LBP 1060, 35 mm CT. Kyphosidae: (d) Kyphosus saltatrix, LBP 10048, 314 mm CT. Chaetodontidae: () Chaetodon striatus, exemplar ndo preservado, 201 mm
CT. Mugilidae: (f) Mugil curema, LBP 10004, 143 mm CT; (e) Mugil liza, LBP 10051, 310 mm CT. Pomacentridae: (h) Abudefduf saxatilis, LBP 40579, 135 mm
CT. Labrisomidae: (i) Labrisomus nuchippinis, exemplar ndo preservado 185 mm CT. Gobiidae: (j) Bathygobius soporator, LBP 40568, 114 mm CT. Ephippidae:
(k) Chaetodipterus faber, LBP 40510, 142 mm CT. Trichiuridae: (I) Trichiurus lepturus, LBP 10036, 493 mm CT. Scombridae: (m) Scomberomorus brasiliensis,
LBP 10035, 415 mm CT. Stromateidae: (n) Peprilus paru, LBP 10045, 188 mm CT. Paralichthyidae: (0) Citharichthys spilopterus, LBP 40505, 125 mm CT; (p)
Etropus crossotus, LBP 10088, 96 mm CT. Achiridae: (g) Achirus lineatus, LBP 40512, 114 CT. Cynoglossidae: (r) Symphurus tesselatus, LBP 10076, 135 mm
CT. Monacanthidae: (s) Aluterus monoceros, LBP 40534, 253 mm CT. Tetraodontidae: (t) Lagocephalus laevigatus, LBP 10087, 61 mm CT; (u) Sphoeroides
greeleyi, LBP 10086, 93 mm CT; (v) Sphoeroides testudineus, LBP 10062, 120 mm CT. Diodontidae: (w) Chilomycterus spinosus, LBP 40572, 135 mm CT.
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Tabela 1. Ictiofauna do trecho norte do Canal de Bertioga. A. Numero de exemplares, com comprimento maximo e minimo em milimetros. B. Espécies com
algum grau de ameaca segundo a Fauna Ameacgada de Extingéo no Estado de S&o Paulo: sobrexplotada (SE); ameagada de sobrexplotacéo (AS). C. Freqiiéncia
de ocorréncia: constantes (C); acessorias (A); ocassionais (O). D. Habitos de vida: demersal (D); pelagico (P). E. Habitats preferenciais: agua doce (AD);
estuarino (E); marinho (M); marinho-estuarino (ME).

Table 1. Ichthyofauna of the northern stretch of the Bertioga Channel. A. Number of individuals, with maximum and minimum sizes in millimeters. B. Species
under some degree of risk of extinction according to the Sao Paulo state Threatened Species List: overexploited (SE); threatened with overexploitation (AS).
C. Frequency of occurrence: constant (C); accessorial (A); occasional (O). D. Lifestyle: demersal (D), pelagic (P). E. Habitat preference: freshwater (AD);
estuarine (E); marine (M); marine-estuarine (ME).

Ordem Familia Subfamilia Espécie A B C D E
Albuliformes Albulidae Albulinae Albula vulpes (Linnaeus 1758) 2 (50-50) O P M
Clupeiformes Clupeidae Harengula clupeola (Cuvier 1829) 182 (42-180) A P M

Sardinella brasiliensis (Steindachner 1879) 1 (46) SEO P M
Engraulidae Lycengraulis grossidens (Spix & Agassiz 1829) 4 (110-146) A P M
Anchoviella lepidentosteo (Fowler 1911) 58 (21-41) O P M
Siluriformes Avriidae Aspistor luniscutis (Valenciennes 1840) 8 (123-219) A D ME
Bagre bagre (Linnaeus 1758) 1(372) O D M
Cathorops spixii (Agassiz 1829) 144 (60-288) A D E
Genidens barbus (Lacepede 1803) 2(119-170) SE O D ME
Genidens genidens (Valenciennes 1840) 36 (65-225) C D ME
Callichthyidae Callichthys callichthys (Linnaeus 1758) 2 (80-85) O D AD
Aulopiformes Synodontidae  Synodontinae  Synodus foetens (Linnaeus 1766) 1(38) O D M
Batrachoidiformes Batrachoididae Porichthyinae Porichthys porosissimus (Valenciennes 1837) 1 (288) O D ME
Lophiiformes Ogcocephalidae Ogcocephalus vespertilio (Linnaeus 1758) 1(174) O D M
Atheriniformes Atherinopsidae Atherinopsinae Atherinella brasiliensis (Quoy e Gaimard 1824) 65 (30-139) AS A P E
Beloniformes Belonidae Strongylura timucu (Walbaum 1792) 11 (355-406) O P E
Strongylura marina (Walbaum 1792) 1 (590) O P E
Beryciformes Holocentridae  Holocentrinae Holocentrus adscensionis (Osbeck 1765) 1 (190) O D M
Syngnathiformes ~ Syngnathidae  Syngnatinae  Syngnathus folletti Herald 1942 1(173) O D ME
Scorpaeniformes  Triglidae Prionotus punctatus (Bloch 1793) 15 (60-147) A D ME
Perciformes Centropomidae Centropomus parallelus Poey 1860 3(100-221) AS A D ME
Centropomus undecimalis (Bloch 1792) 1 (340) AS O D ME
Serranidae Serraninae Diplectrum radiale (Quoy e Gaimard 1824) 8 (85-220) O D ME
Epinephelus marginatus (Lowe 1834) 2(174-176) SE O D M
Mycteroperca acutirostris (Valenciennes 1828) 1 (322) O D M
Serranus flaviventris (Cuvier 1829) 3 (89-100) O D M
Pomatomidae Pomatomus saltatrix (Linnaeus 1766) 1(78) ASO P M
Carangidae Caranx latus Agassiz 1831 11 (140-220) A P ME
Chloroscombrus chrysurus (Linnaeus 1766) 1(35) O P M
Hemicaranx amblyrhynchus (Cuvier 1833) 1(287) O P M
Oligoplites palometa (Cuvier 1832) 109 (55-122) O P ME
Oligoplites saliens (Bloch 1793) 1(313) O P ME
Selene setapinnis (Mitchill 1815) 2 (40-46) O P ME
Selene vomer (Linnaeus 1758) 8 (32-290) O P ME
Trachinotus carolinus (Linnaeus 1766) 24 (78-248) A P ME
Trachinotus falcatus (Linnaeus 1758) 19 (30-265) A P ME
Lobotidae Lobotes surinamensis (Bloch 1790) 1 (305) O D ME
Gerreidae Diapterus rhombeus (Cuvier 1829) 60 (138-190) A D E
Eucinostomus melanopterus (Bleeker 1863) 3 (82-106) O D ME
Eugerres brasilianus (Valenciennes 1830) 1 (250) O D ME
Haemulidae Anisotremus surinamensis (Bloch 1791) 2 (204-256) O D M
Anisotremus virginicus (Linnaeus1758) 1 (190) O D M
Conodon nobilis (Linnaeus 1758) 1 (150) O D ME
Genyatremus luteus (Bloch 1790) 1 (267) O D ME
Haemulon steindachneri (Jordan & Gilbert 1882) 9 (98-260) A D ME
Orthopristis ruber (Cuvier 1830) 1(197) O D M
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Tabela 1. Continuagéo...

Ordem Familia Subfamilia Espécie A B C D E
Pomadasys corvinaeformis (Steindacher 1868) 16 (30-160) O D ME
Sparidae Diplodus argenteus (Valenciennes 1830) 1 (110) O D M
Sciaenidae Bairdiella ronchus (Cuvier 1830) 4 (90-125) O D ME
Cynoscion acoupa (Lacepede 1801) 1 (450) AS O D ME
Cynoscion microlepidotus (Curvier 1830) 1(311) AS O D ME
Isopisthus parvipinnis (Curvier 1830) 3 (168-188) O D ME
Larimus breviceps Cuvier 1830 1(170) O D ME
Menticirrhus americanus (Linnaeus 1758) 7 (118-314) A D ME
Micropogonias furnieri (Desmarest 1823) 6(146-492) SE A D ME
Stellifer rastrifer (Jordan 1889) 243 (50-198) C D ME
Umbrina coroides Cuvier 1830 1(281) O D ME
Polynemidae Polydactylus virginicus (Linnaeus 1758) 3 (100-126) O D ME
Kyphosidae Kyphosinae Kyphosus sectatrix (Linnaeus 1758) 2 (240-290) O D M
Chaetodontidae Chaetodon striatus Linnaeus 1758 1 (145) O D M
Mugilidae Mugil curema Valenciennes 1836 102 (19-280) A P ME
Mugil liza Valenciennes 1836 3(301-385) SE O P ME
Pomacentridae Abudefduf saxatilis (Linnaeus 1758) 2 (135-180) O D M
Labrisomidae Labrisomus nuchippinis (Quoy e Gaimard 1824) 2 (180-185) O D M
Gobiidae Gobionellinae  Bathygobius soporator (Valenciennes 1837) 9 (51-156) O D ME
Ephippidae Chaetodipterus faber (Broussonet 1782) 11 (40-160) cC P M
Trichiuridae Trichiurus lepturus Linnaeus 1758 5 (123-1150) A P ME
Scombridae Scomberomorus brasiliensis Collette et al. 1978 1 (415) O P M
O P
C D
A D
C D
A D
O P
C D
O D
A D
O D

Stromateidae Peprilus paru Linnaeus 1758 2 (188-265) ME

Pleuronectiformes Paralichthyidae Citharichthys spilopterus Gunter 1862 90 (54-159) E

Etropus crossotus Jordan & Gilbert 1882 14 (65-122) E
Achiridae Achirus lineatus (Linnaeus 1758) 57 (56-132) ME

Cynoglossidae  Symphurinae  Symphurus tesselatus (Quoy e Gaimard 1824) 6 (81-170) E

Monacanthidae Aluterus monoceros (Linnaeus 1758) 1 (248) M
Tetraodontidae Lagocephalus laevigatus (Linnaeus 1766) 13 (52-110) ME

Sphoeroides greeleyi Gilbert 1900 3 (93-195) E

Sphoeroides testudineus (Linnaeus 1758) 3 (85-120) E

Diodontidae Chilomycterus spinosus (Linnaeus 1758) 2 (129-165) E
100 - Anchoviella lepidentostole (n = 58), e Achirus lineatus (n = 57)
: (Tabela 1). Das espécies encontradas, seis foram reconhecidas como
80 Y constantes, 19 acessorias e 53 ocasionais (Tabela 1). Em relag&o aos
@ rfrf"' - seus habitos, 40 espécies sdo marinho-estuarinas, 26 sdo marinhas,
8 = T g 11 estuarinas e uma de agua doce, com 52 espécies demersais e 26
g 601 i P :d_ar-"' a pelégicas (Tabela 1). Onze espécies sdo incluidas na lista de espécies
S i P ameacadas de extin¢do do estado de S&o Paulo (S&o Paulo 2009),
S 40 ;/://k todas com importancia para pesca comercial e/ou esportiva das

§ - S5 regiées_sude_ste e sul do Brasi_l (Tabela 1): _ _
20 ad ook Adiversidade e abundancia das espécies variaram nas diferentes
"4 oMy areas de coleta e estagdes do ano, como descrito a seguir.
0+, . : . 1. Areas de estudo
0 5 10 15

Numero de amostras
Figura 6. Curvas de suficiéncia da amostragem no trecho norte do Canal de
Bertioga através dos estimadores nio paramétricos de Jacknife 1, Jacknifre
2, Bootstrap, Michaelis Menton e UGE.
Figure 6. Sampling efficiency curves for the northern stretch of the Bertioga
Channel using the non-parametric estimators Jackknifel, Jackknife2,
Bootstrap, Michaelis Menton, and UGE.
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As trés areas de coleta apresentaram diferentes caracteristicas
fisico-quimicas e composigao de espécies, porém nao foi observada
variagao significativa de temperatura nas areas amostradas (Tabela 2).

Adérea 1 (Figura 2b), localizada na por¢éo mais interna do canal,
apresentou os maiores valores médios anuais de salinidade (19,9%),
e 0s menores valores de pH (7,4) e oxigénio dissolvido (67,2%), na
superficie, e 0 maior valor médio de oxigénio dissolvido (62,3%),
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Tabela 2. Parametros fisico-quimicos das localidades de coleta, média, valores minimo e maximo na superficie e fundo.
Table 2. Physico-chemical parameters of collection localities, mean, minimum and maximum values from the surface and bottom.

Areal Area 2 Area 3
pH - superficie 7.4 (6,3-8,1) 7,5 (7,0-7,9) 7,6 (7,2-7,8)
pH - fundo 7,7 (7,0-8,1) 7,7 (7,4-8,0) 7,7 (7,6-8,1)

OD (%) - superficie
OD (%) - fundo

67,2 (45,2-92,2)
62,2 (45,2-75,4)

Salinidade (%o) - superficie
Salinidade (%o) - fundo

19,8 (14,6-27,07)
24 (17,9-29,25)

Temperatura (°C) - superficie
Temperatura (°C) - fundo

25,9 (22,3-27,5)
24,4 (21,9-26,9)

67,3 (49,4-80,2)
55,3 (38,2-75,0)

16,5 (12,4-21,9)
25,1 (19,5-27,9)

24,8 (22,1-26,4)
24,4 (21,4-26,4)

69,4 (57,9-79,2)
57,3 (38,2-70,4)

17,5 (13,8-20,9)
25,7 (19,9-30,8)

24,7 (22,1-26,4)
24,2 (21,6-26,7)

e 0s menores valores de pH (7,7) e salinidade (24,0%), no fundo
(Tabela 2). Na é&rea, foram registrados valores intermediarios dos
indices de riqueza de Margalef (d) e de diversidade de Shannon-
Wiener (H”), respectivamente d = 9,358 e H’ = 3,526. As espécies mais
abundantes foram Stellifer rastrifer (n = 181), Cathorops spixii (n =
111) e Diapterus rhombeus (n = 60), com Centropomus undecimalis,
Cynoscion acoupa, C. microlepidotus, Diapterus rhombeus, Genidens
barbus, Oligoplites saliens, Porichthys porosissimus e Selene
setapinnis, coletadas somente nesta area.

Adarea 2 (Figura 2c), localizada na confluéncia com o rio Itapanhat,
apresentou valores médios anuais mais baixos de salinidade (16,5%),
e oxigénio dissolvido (67,3%), na superficie, e o valor médio mais
alto de pH (7,7), no fundo (Tabela 2), com os menores indices de
riqueza de espécies de Margalef (d) e de diversidade de Shannon-
Wiener (H’), respectivamente d = 6,569 e H’= 3,045. As espécies
mais abundantes foram Stellifer rastrifer (n = 39), Cathorops spixii
(n = 31) e Citharichthys spilopterus (n = 26), sendo que Syngnathus
folletti e Eugerres brasilianus foram encontradas somente nesta area.

A area 3 (Figura 2a), préxima a barra do canal, apresentou uma
grande variagdo de salinidade conforme o regime de marés. Na &rea
foram registrados os maiores valores médios anuais de pH (7,7) e
oxigénio dissolvido (69,4%), na superficie, com os maiores valores
médios anuais de pH (7,7) e salinidade (25,7%), no fundo (Tabela 2).
A érea 1 apresentou os maiores indices de riqueza de Margalef (d)
e de diversidade de Shannon-Wiener (H’), respectivamente d =
12,33 e H’= 3,892. As espécies mais abundantes foram Harengula
clupeola (n =182), Oligoplites palometa (n=108) e Mugil curema (n
=100), com outras espécies, tipicas de costdo rochoso, encontradas
somente nesta area.

2. Estagdes do ano

Os indices de riqueza de Margalef (d) e de diversidade de Shannon-
Wiener (H”), foram maiores no outono e inverno, respectivamente,
d=9,767 e 8,736, e H’ = 3,584 e 3,434, com valores mais baixos na
primavera e verdo, respectivamente d = 7,889 e 7,673, e 3,296 e 3,258.
As espécies encontradas em todas estagdes do ano foram Achirus
lineatus, Atherinella brasiliensis, Cathorops spixii, Chaetodipterus
faber, Citharichthys spilopterus, Genidens genidens, Micropogonias
furnieri e Stellifer rastrifer. No verdo, as espécies mais abundantes
foram Stellifer rastrifer (n=30), Cathorops spixii (n = 16), Caranx
latus (n = 9), Citharichthys spilopterus (n = 9) e Genidens genidens
(n=9), no outono, Cathorops spixii (n = 76), Mugil curema (n = 72),
Harengula clupeola (n = 37) e Citharichthys spilopterus (n = 23), no
inverno, Harengula clupeola (n = 144), Stellifer rastrifer (n = 119),
Oligoplites palometa (n = 108), Atherinella brasiliensis (n = 20),
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Citharichthys spilopterus (n = 20), e na primavera, Stellifer rastrifer
(n = 93), Diapterus rhombeus (n = 60), Anchoviella lepidentostole
(n =58) e Achirus lineatus (n = 46).

Discussao
1. Alictiofauna

O trecho norte do Canal de Bertioga é caracterizado pela
dominancia de poucas espécies (as espécies constantes representaram
7,7% do total das espécies, Tabela 1), com um nimero moderado de
espécies freqiientes (as espécies acessorias representaram 24,3% do
total de espécies, Tabela 1), e um grande nimero de espécies raras
(as espécies ocasionais representaram 68% do total das espécies,
Tabela 1), condicdo comum em estudos da ictiofauna estuarina
(Pinheiro 1999, Corréa 2000, Santos et al. 2002, \endel et al. 2003).
Das 78 espécies encontradas no trecho norte do Canal de Bertioga,
Stellifer rastrifer, Cathorops spixii e Citharichthys spilopterus
destacaram-se pela abundéncia, sendo que a predominancia numérica
de Stellifer rastrifer, Cathorops spixii, Mugil curema, também foi
observada no complexo estuarino de Santos-Sao Vicente (Vazzoler
1969, Paiva-Filho 1982, Paiva-Filho et al. 1987, Giannini & Paiva-
Filho 1990, Fundagdo... 2006). Apenas Sardinella brasiliensis é
restrita a Provincia Zoogeografica Argentina, sendo que as demais
espécies apresentam uma ampla distribuicéo.

O Canal de Bertioga pode ser considerado uma area de criadouro
devido a predominancia de exemplares juvenis de espécies marinho-
estuarinas (Tabela 1), enquanto espécies tipicamente marinhas
ocorreram principalmente na area 1, onde os padrdes hidrograficos
representam um continuo do ambiente marinho adjacente. A baixa
ocorréncia de espécies residentes ou constantes pode ser justificada
pelas dificuldades de adaptag@o a variagdo dos parametros ambientais
num curto espago de tempo (Day et al. 1989). Variagdo significativa
dos indices de diversidade de Shannon-Wiener e riqueza de espécies
de Margalef foi observada nas estagdes do ano, com maior diversidade
¢ abundancia no outono e inverno, final do periodo chuvoso e inicio
do periodo de seca na regido (Bernardes 2001). O tamanho médio
dos exemplares permite interpretar que as espécies mais abundantes,
excecdo feita a Cathorops spixii, sdo representadas por individuos
jovens (Tabela 1), que utilizam a regido para alimentagdo, crescimento
e protecdo.

Das espécies capturadas no trecho norte do Canal de Bertioga,
Centropomus parallelus, C. undecimalis, Anisotremus surinamensis,
Chaetodipterus faber, Cynoscion acoupa, C. microlepdotus,
Epinephelus marginatus, Eugerres braslianus, Genidens barbus,
Isopisthus parvipinnis, Micropogonias furnieri, Mugil liza,
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Mycteroperca acutirostris, Pomatomus saltatrix, Sardinella
brasiliensis, Scomberomorus brasiliensis, Trachinotus carolinus,
T. falcatus, e Umbrina coroides sdo aquelas com maior interesse
para pesca comercial que atua na plataforma continental adjacente,
enquanto que Centropomus parallelus, C. undecimalis, Cynoscion
acoupa, Trichiurus lepturus, Micropogonias furnieri e Epinephelus
marginatus, sdo espécies alvo de pescadores esportivos que atuam
no Canal de Bertioga. As espécies Bagre marinus (Mitchill 1815),
Cynoscion jamaicensis (Vaillant & Bocourt 1883), Cynoscion
leiarchus (Cuvier 1830), Cynoscion virescens (Cuvier 1830),
Hippocampus reidi Ginsburg 1933, Macrodon ancylodon (Bloch
& Schneider 1801), Pogonias cromis (Linnaeus 1766), e Umbrina
canosai Berg 1895, incluidas na lista de espécies ameacadas do estado
de S&o Paulo (Séo Paulo 2009), ndo foram encontradas no trecho
norte do Canal de Bertioga. Foram encontradas na area estudada, as
seguintes espécies incluidas na lista de espécies ameacadas do estado
de Sé&o Paulo (S&o Paulo 2009): Atherinella brasiliensis, Centropomus
parallelus, C. undecimalis, Cynoscion acoupa, C. microlepidotus,
Genidens barbus, Epinephelus marginatus, Micropogonias furnieri,
Mugil liza, Pomatomus saltatrix e Sardinella brasiliensis (Tabela 1).

A presenca de Callichthys callichthys no canal de Bertioga,
é interpretada como ocasional, ap6s periodo de chuva intensa.
Os exemplares observados possivelmente sdo originarios do rio
Itapanhad.

2. O Canal de Bertioga

Estuarios geralmente estdo localizados em éreas sujeitas a grande
pressdo ambiental, decorrente da urbanizacdo, industrializacdao
e atividades portuarias, assim como do turismo, levando a uma
crescente preocupagdo com a conservacdo destas areas. O complexo
estuarino da Baixada Santista, no qual o Canal de Bertioga esta
inserido, ha muito tempo sofre forte pressdo ambiental decorrente
da dindmica de ocupacao humana e contaminagédo de seu complexo
hidrico pelo complexo industrial de Cubatdo e pelo complexo
portuério de Santos, com areas de manguezal altamente degradadas
(Companhia...1991, Rodrigues et al 1995, Silva et al. 2008, Cunha-
Lignon et al. 2009). Até bem pouco tempo, o dificil acesso a regido
de Bertioga minimizou o efeito de a¢des antropicas sobre o complexo
hidrico da regido.

Nos dias atuais, o trecho sul do Canal de Bertioga esta sujeito a
diferentes fontes de pressdo ambiental, enquanto no trecho norte, que
ndo sofre influencia das 4guas provenientes do trecho sul (Bernardes
2001), encontramos areas menos degradadas, mas que nas ultimas
décadas vém sofrendo importantes alteracdes na paisagem natural
decorrentes do aterro dos manguezais para construgdo de marinas e
moradias, intenso trafego de embarcagBes de médio a grande porte
e atividade pesqueira de habitantes locais e turistas (Rodrigues et al.
1995). A construcdo da rodovia SP-55 e do oleoduto da Petrobras
permitiram o avancgo da ocupagdo humana em areas de floresta
atlantica, restinga e manguezal na margem continental, enquanto
que na margem insular (ilha de Santo Amaro), aproximadamente
107,3 ha de area de manguezal, o equivalente a 78,4% da cobertura
de manguezal original, foi desmatada e substituida por estruturas de
apodio nautico (Cunha-Lignon et al. 2009). Apesar disso, o trecho norte
do Canal de Bertioga é considerado importante como referéncia em
estudos de contaminagdo do complexo hidrico da Baixada Santista
(Lamparelli et al. 2007).

Ao contrario das demais areas do complexo estuarino de Santos-
S&o Vicente, a ictiofauna do trecho norte do Canal de Bertioga
ainda ndo havia sido inventariada. Considerando que levantamentos
faunisticos sdo a primeira etapa para o desenvolvimento de estudos
ecologicos e bioldgicos em qualquer ambiente, a fim de estimar a
potencialidade de exploracdo destes recursos, os resultados obtidos
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sdo de grande importancia para elaboragdo de planos de gestdo e
conservagao dos recursos naturais da regido, assim como podem servir
como fonte de consulta para identificacao das espécies de peixes em
futuros estudos de biologia e/ou ecologia na regiéo.

Chave de | dentificacdo para as Espécies do Trecho
norte do Canal de Bertioga

1a. Nadadeira dorsal com raios moles, ou com um Gnico espinho;
nadadeira anal sem espinhos ... 2

1b. Nadadeira dorsal com mais de um espinho; nadadeira anal
com espinhos ... 25

2a. Corpo marcadamente comprimido; olhos no mesmo lado da
cabeca ... 3

2b. Corpo ndo marcadamente comprimido; olhos hunca no mesmo
lado da cabeca ... 6

3a. Olhos geralmente do lado direito da cabeca; margem do
pré-opérculo ndo visivel, coberta por pele ... (Achiridae) ... Achirus
lineatus (Figura 4q)

3b. Olhos geralmente do lado esquerdo da cabeca; margem do
pré-opérculo visivel, ndo coberta por pele... 4

4a. Nadadeiras dorsal e anal distintas da nadadeira caudal ...
(Paralichthyidae) ... 5

4b. Nadadeiras dorsal e anal indistintas da nadadeira caudal ...
(Cynoglossidae) ... Symphurus tesselatus (Figura 5r)

5a. Boca muito pequena, a extremidade posterior ndo alcancando
a margem anterior do olho; rastros branquiais no primeiro arco
branquial curtos e espinhosos ... Etropus crossotus (Figura 5p)

5b. Boca grande, a extremidade posterior alcancando a margem
anterior do olho; rastros branquiais no primeiro arco branquial longos
e ndo espinhosos ... Citharichthys spilopterus (Figura 50)

6a. Corpo globoso e inflavel, as vezes com espinhos; escamas
verdadeiras ausentes ... (Tetraodontiformes) ... 7

6b. Corpo nio globoso e nao inflavel, sempre sem espinhos;
escamas verdadeiras presentes ou ausentes ... 11

7a. Corpo sem tubérculos e com espinhos ... (Diodontidae) ...
Chilomycterus spinosus (Figura 5w)

7b. Corpo com tubérculos e sem espinhos ... 8

8a. Dentes fundidos em duas placas dentarias em cada maxila;
espinho dorsal ausente ... (Tetraodontidae) ... 9

8b. Dentes ndo fundidos em cada maxila; espinho dorsal
conspicuo e ereto presente ... (Monacanthidae) ... Aluterus monoceros
(Figura 5s)

9a. Nadadeiras dorsal e anal com 13-14 raios cada uma...
Lagocephalus laevigatus (Figura 5t)

9b. Nadadeiras dorsal e anal com 7-10 raios cada uma ... 10

10a. Presenca de dois ou trés flaps pequenos e achatados em cada
lado do corpo; corpo com manchas grandes, escuras e arredondadas,
contornadas por uma linha mais clara; regido interorbital escura,
com duas faixas transversais cor creme ... Sphoeroides testudineus
(Figura 5v)

10b. Flaps ausentes em cada lado do corpo; corpo com
manchas pequenas, pouco mais escuras do que o restante do corpo;
regido interorbital sem faixas transversais ... Sphoeroides greeleyi
(Figura 5u)

11a. Escudos 6sseos restritos a regido ventral do corpo presentes;
maxilas geralmente pequenas, com dentes ndo visiveis a olho nu, ou
sem dentes; uma Unica nadadeira dorsal; nadadeira adiposa ausente ...
(Clupeidae) ... 12

11b. Escudos 6sseos na regido ventral do corpo ausentes ou, se
presentes, formando duas séries na face lateral do corpo; maxilas
de tamanho varidvel, com dentes visiveis a olho nu; uma ou duas
nadadeiras dorsais, nadadeira adiposa presente ... 13
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12a. Corpo comprimido; menos de 45 rastros no ramo inferior
do primeiro arco branquial; nadadeira pélvica com oito raios ...
Harengula clupeola (Figura 3b)

12b. Corpo rolico; mais de 45 rastros no ramo inferior do primeiro
arco branquial; nadadeira pélvica com nove raios ... Sardinella
brasiliensis (Figura 3c)

13a. Corpo sem escamas, mas as vezes com duas series laterais
de placas 6sseas; nadadeira dorsal e nadadeira peitoral com um
espinho forte; dois a trés pares de barbilhdes carnosos em torno da
boca sempre presentes ... 14

13b. Corpo com ou sem escamas, mas nunca com placas 6sseas;
nadadeira dorsal e nadadeira peitoral sem um espinho; barbilhdes
carnosos em torno da boca ausentes ... 19

14a. Corpo revestido por duas séries de placas 6sseas; nadadeira
adiposa ausente ... (Callichthyidae) ... Callichthys callichthys
(Figura 3k)

14b. Corpo nu; nadadeira adiposa presente ... (Ariidae) ... 15

15a. Dois pares de barbilhdes, o par maxilar em forma de fita e
um par mental ... Bagre bagre (Figura 3g)

15h. Trés pares de barbilhdes, o par maxilar cilindrico e dois
pares mentais ... 16

16a. Placa nucal muito grande, arredondada ou quadriculada ...
Aspistor luniscutis (Figura 3f)

16b. Placa nucal pequena, na forma de uma meia-lua ... 17

17a. Dentes molariformes grandes nas placas acessorias de
dentes; nadadeira adiposa pequena, sua base cabendo duas vezes
ou mais no comprimento da base da nadadeira anal ... Cathorops
spixii (Figura 3h)

17bh. Dentes conicos pequenos nas placas acessdrias de dentes;
nadadeira adiposa de tamanho moderado, sua base cabendo 1,5 vezes
no comprimento da base da nadadeira anal ... 18

18a. Placas acessorias de dentes sobre projecdes carnosas moveis
... Genidens genidens (Figura 3j)

18b. Placas acessorias de dentes fixas no palato ..
barbus (Figura 3i)

19a. Boca inferior; nadadeiras pélvicas em posi¢do abdominal, com
7-14 raios; nadadeira adiposa ausente; 10-15 raios branquiostégios ...
(Albulidae) ... Albula vulpes (Figura 3a)

19bh. Boca geralmente terminal; nadadeiras pélvicas anteriores,
com 6-7 raios; nadadeira adiposa presente ou ausente; menos de 10
raios branquiostégios... 20

20a. Nadadeira adiposa presente; extremidade posterior da
maxila ultrapassando a linha vertical que passa pela borda posterior
do olho; nadadeira dorsal posicionada atras da nadadeira pélvica...
(Synodontidae) ... Synodus foetens (Figura 3L)

20b. Nadadeira adiposa ausente; extremidade posterior da maxila
geralmente ndo alcangando a linha vertical que passa pela borda
posterior do olho; nadadeira dorsal posicionada a frente da nadadeira
pélvica... 21

21a. Focinho longo, com maxilas fixas, estendidas para frente;
nadadeiras pélvicas abdominais; linha lateral préxima & margem
ventral do corpo ... (Belonidae) ... 22

21b. Focinho curto, com maxilas méveis, ndo estendidas para
frente; nadadeiras pélvicas ndo abdominais; linha lateral distante da
margem ventral do corpo ... 23

22a. Escamas pequenas, em 215-304 séries transversais, entre a
borda posterior do olho e a origem da nadadeira dorsal; sem uma faixa
escura na regido mediana do tronco ... Strongylura marina (Figura 3p)

22b. Escamas grandes, em 120-185 séries transversais, entre a
borda posterior do olho e a origem da nadadeira dorsal; com uma faixa
escura naregido mediana do tronco ... Strongylura timucu (Figura 3q)

. Genidens
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23a. Focinho longo e tubular; dentes ausentes; corpo revestido
por anéis 6sseos; nadadeiras pélvicas ausentes ... (Syngnathidae) ...
Syngnathus folletti (Figura 3s)

23b. Focinho obtuso e nédo tubular; dentes presentes; corpo
ndo revestido por anéis 6sseos; nadadeiras pélvicas presentes ...
(Engraulidae) ... 24

24a. Dentes da mandibula grandes e espagados ... Lycengraulis
grossidens (Figura 3d)

24h. Dentes da mandibula pequenos e ndo espacados ...
Anchoviella lepidentostole (Figura 3e)

25a. Nadadeiras pélvicas inseridas a frente da nadadeira dorsal;
primeira nadadeira dorsal com trés a quatro espinhos ... 26

25b. Nadadeiras pélvicas inseridas atrds da nadadeira dorsal;
primeira nadadeira dorsal com quatro ou mais espinhos ... 27

26a. Pele com denticulos grossos e conicos; nadadeira peitoral
modificadas para apoiar no substrato; apéndice carnoso acima
da cabeca presente; linha lateral ausente ... (Ogcocephalidae) ...
Ogcocephalus vespertilio (Figura 3n)

26b. Pele sem denticulos; nadadeira peitoral ndo modificadas
para apoiar no substrato; apéndice carnoso acima da cabeca ausente;
linha lateral presente ... (Batrachoididae) ... Porichthys porosissimus
(Figura 3m)

27a. Nadadeiras dorsais separadas por uma distancia maior que
0 comprimento da base da primeira nadadeira dorsal ... 28

27b. Nadadeiras dorsais separadas por uma distancia menor
que o comprimento da base da primeira nadadeira dorsal, as vezes
constituindo uma Unica nadadeira ... 30

28a. Boca ndo protratil; olhos recobertos por palpebras adiposas;
base da nadadeira anal aproximadamente do mesmo comprimento da
base da segunda nadadeira dorsal ... (Mugilidae) ... 29

28b. Boca protratil; olhos ndo cobertos por palpebras adiposas;
base da nadadeira anal muito maior do que a base da segunda
nadadeira dorsal ... (Atherinopsidae) ... Atherinella brasiliensis
(Figura 30)

29a. Segunda nadadeira dorsal e nadadeira anal cobertas por
escamas; geralmente com 38-39 escamas na série longitudinal; corpo
sem faixas longitudinais escuras ... Mugil curema (Figura 5f)

29b. Segunda nadadeira dorsal e nadadeira anal nao cobertas por
escamas; geralmente com 30-34 escamas na série longitudinal; corpo
com faixas longitudinais escuras ... Mugil liza (Figura 5g)

30a. Pré-opérculo e opérculo com margens serrilhadas e um
espinho alongado; sete raios na nadadeira pélvica ... (Holocentridae)
... Holocentrus adscensionis (Figura 3r)

30b. Pré-opérculo e opérculo com margens nao serrilhadas ou,
se serrilhadas, sem um espinho alongado; seis raios na nadadeira
pélvica ... 31

3la. Raios inferiores da nadadeira peitoral destacados ... 32

31b. Raios inferiores da nadadeira peitoral unidos... 33

32a. Cabeca grande, coberta de espinhos e com duas projecoes
arredondadas pequenas na margem anterior; raios da nadadeira
peitoral espessos, formando apéndices para caminhar no substrato
... (Triglidae) ... Prionotus punctatus (Figura 3t)

32b. Cabega pequena sem espinhos e/ou proje¢fes na margem
anterior; raios das nadadeiras peitorais delgados e filamentosos, ndo
formando apéndices para caminhar no substrato ... (Polynemidae) ...
Polydactylus virginicus (Figura 5c)

33a. Nadadeira anal com dois espinhos ... (Carangidae) ... 34

33b. Nadadeira anal sem espinhos ... 42

34a. Escamas na porcdo posterior da linha lateral modificadas
em escudos ... 35

34b. Escamas na por¢ao posterior da linha lateral ndo modificados
em escudos ... 39
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35a. Corpo muito comprimido, perfil ventral muito mais convexo
do que o perfil dorsal; nadadeira peitoral ultrapassando a linha
vertical que passa pela base da nadadeira pélvica; cinco a 15 escudos
diminutos na linha lateral ... 36

35b. Corpo pouco comprimido, perfil dorsal e ventral igualmente
convexos; nadadeira peitoral ndo ultrapassando a linha vertical que
passa pela base da nadadeira pélvica; mais de 23 escudos grandes
da linha lateral ... 38

36a. Nadadeira anal com 25 a 28 raios; perfil ventral do corpo
mais convexo do que o perfil dorsal; mancha escura no pedinculo
caudal presente ... Chloroscombrus chrysurus (Figura 4b)

36b. Nadadeira anal com 16 a 20 raios; perfil dorsal e ventral
do corpo igualmente convexo; mancha escura no pedinculo caudal
ausente ... 37

37a. Perfil da cabega aproximadamente vertical na regido dos
olhos; 31 a 35 rastros no primeiro arco branquial; raios anteriores
das nadadeiras dorsal e anal prolongados ... Selene vomer (Figura 4g)

37b. Perfil da cabega concavo na regido dos olhos; 34 a 44 rastros
no primeiro arco branquial; raios anteriores das nadadeiras dorsal e
anal ndo prolongados ... Selene setapinnis (Figura 4f)

38a. Maxila superior com uma unica série de dentes; quilhas no
pedlnculo caudal ausentes; porcéo anterior da linha lateral sinuosa,
com menos da metade do comprimento da porgdo reta ... Hemicaranx
amblyrhynchos (Figura 4c)

38b. Maxila superior com varias séries de dentes; duas quilhas
em cada lado do pedunculo caudal; porgdo anterior da linha lateral
sinuosa, com mais da metade do comprimento da porcéo posterior
reta ... Caranx latus (Figura 4a)

39a. Boca grande, o comprimento da maxila superior contido
menos de duas vezes no comprimento da cabega; raios posteriores
da nadadeira dorsal e da nadadeira anal destacados ... 40

39b. Boca pequena, o comprimento da maxila superior contido
mais de duas vezes no comprimento da cabeca; raios posteriores da
nadadeira dorsal e da nadadeira anal unidos... 41

40a. Maxila superior com uma unica série de dentes; perfil ventral
da maxila inferior muito saliente; 17 a 20 rastros branquiais no ramo
inferior do primeiro arco branquial, excluindo os rudimentos ...
Oligoplites saliens (Figura 4e)

40b. Maxila superior com duas séries de dentes; perfil ventral da
maxila inferior retilineo; 11 a 15 rastros branquiais no ramo inferior
do primeiro arco branquial, excluindo os rudimentos ... Oligoplites
palometa (Figura 4d)

41a. Olho muito menor do que o comprimento do focinho; 17 a
21 raios na nadadeira dorsal; 16 a 19 raios prolongados na nadadeira
anal ... Trachinotus falcatus (Figura 4i)

41bh. Olho pouco menor do que o comprimento do focinho; 22
a 27 raios na nadadeira dorsal; 20 a 24 raios pouco prolongados na
nadadeira anal ... Trachinotus carolinus (Figura 4h)

42a. Ultimos raios da segunda nadadeira dorsal e da nadadeira
anal destacados e ramificados; pedunculo caudal com dois a trés
quilhas de cada lado ... (Scombridae) ... Scomberomorus brasiliensis
(Figura 5m)

42b. Ultimos raios da segunda nadadeira dorsal e da nadadeira
anal ndo destacados e ramificados; pedinculo caudal geralmente
sem quilhas ... 43

43a. Corpo em forma de fita; nadadeira pélvica ausentes;
dentes em forma de punhal ... (Trichiuridae) ... Trichiurus lepturus
(Figura 5L)

43b. Corpo nunca em forma de fita; nadadeira pélvica presentes;
dentes nunca em forma de punhal ... 44

44a. Boca protratil, formando um tubo; segunda nadadeira dorsal
com uma bainha de escamas na base ... Gerreidae ... 45
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44b. Boca geralmente ndo protratil, nunca formando um tubo;
segunda nadadeira dorsal geralmente sem uma bainha de escamas
na base ... 47

45a. Margem do pré-opérculo serrilhada; primeira nadadeira
dorsal sem uma mancha escura ... 46

45h. Margem do pré-opérculo lisa; primeira nadadeira dorsal
com uma mancha escura ... Eucinostomus melanopterus (Figura 4L)

46a. Regido pré-orbital serrilhada; corpo com vérias faixas
longitudinais escuras; nadadeira anal geralmente com trés espinhos
e sete raios; ramo inferior do primeiro arco branquial com 10 a 12
rastros... Eugerres brasilianus (Figura 4m)

46b. Regido pré-orbital ndo serrilhada; corpo sem faixas
longitudinais escura; nadadeira anal geralmente com dois espinhos
e nove raios; ramo inferior do primeiro arco branquial com 16 a 18
rastros ... Diapterus rhombeus (Figura 4k)

47a. Linha lateral alcancando a extremidade posterior da
nadadeira caudal ... 48

47b. Linha lateral alcancando a base da nadadeira