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Abstract: Main trophic relationships that occur along the exposed sandy shores in southernmost Brazil

(,336 S) are established taking into account several biological compartments operating at

morphodynamically distinct environments. Beaches are predominantly of the intermediate type but

some stretches of coastline are truly dissipative (Cassino Beach) or tending-to-reflective (Concheiros

Beach), presenting thus diverse biological compartments and inhabitant macrobenthic assemblages.

Dense concentrations of the surf-zone diatom Asterionellopsis glacialis are responsible - at least for the

intermediate shorelines - for the most year-round primary production, sustaining several consumers up to

tertiary level. Among them, bivalves Amarilladesma mactroides, Donax hanleyanus and the hippid crab

Emerita brasiliensis can account for more than 95% of all the surf-zone secondary production, in addition

to the elevated biomass of the suspension-feeder polychaete Spio gaucha and the scavenger isopod

Excirolana armata. Crabs, whelks, carnivorous polychaetes, seabirds and surf-zone fishes may also be

present and occupy superior trophic levels depending on the beach morphodynamics. Based on the high

species richness, abundance and the role of macrobenthic fauna in transferring matter and energy to

seabirds and the surf-zone fish assemblages, we address this important issue on the Southwestern Atlantic

ecology. Conservation efforts should be implemented for the southernmost Brazilian sandy shores, at

least for those non urbanized areas.
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Resumo: As principais relações tróficas observadas ao longo da costa arenosa exposta do extremo sul do

Brasil (,336 S) são estabelecidas levando-se em consideração os vários compartimentos biológicos que

operam em ambientes morfodinamicamente distintos. Estas praias são predominantemente do tipo

intermediário, embora alguns trechos sejam dissipativos (Praia do Cassino) ou apresentem tendências

reflectivas (Praia dos Concheiros), possuindo compartimentos biológicos diversificados e associações

macrobentônicas residentes. Densas concentrações da diatomácea Asterionellopsis glacialis são

responsáveis - pelo menos para as praias intermediárias - por grande parte da produtividade primária

anual, sustentando vários consumidores até o nı́vel terciário. Entre estes, os bivalves Amarilladesma

mactroides, Donax hanleyanus e o crustáceo Emerita brasiliensis são responsáveis por mais de 95% de toda

a produção secundária da zona de surfe, em adição à elevada biomassa do poliqueta suspensı́voro Spio

gaucha e do isópode necrófago Excirolana armata. Caranguejos, gastrópodes, poliquetas carnı́voros, aves

marinhas e peixes da zona de surfe também podem estar presentes, ocupando nı́veis tróficos superiores

dependendo da morfodinâmica praial. Baseado na alta riqueza de espécies, na abundância e no papel da

macrofauna bentônica em transferir matéria e energia para as aves marinhas e as assembléias de peixes da

zona de surfe, esta importante questão ecológica do Atlântico Sudoeste foi investigada. Esforços de

conservação devem ser implementados nas praias arenosas do extremo sul do Brasil, pelo menos naquelas

áreas não urbanizadas.

Palavras-chave: praia exposta, estágios intermediários, produção primária, consumidores secundários,

conservação.
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Introduction

Coastlines around the globe are dominated by sandy shores,

dynamic environments largely controlled by physical factors

like waves, tides, sand grain size and slope (McLachlan &

Brown 2006). Processes and interactions of such factors can

result in a wide range of morphodynamic states - from reflective

to dissipative - although most beaches are intermediate between

these extremes (Short 1996): reflective beaches are coarse-

grained, steep and narrow environments whereas dissipative

beaches present finer sediments, flat slopes, large wave periods

and extensive surf zones.

Species richness, total abundance and biomass of the

macrobenthic fauna along sandy shores tend to increase from

reflective to dissipative states (Defeo & McLachlan 2005, 2011,

McLachlan & Dorvlo 2005). Both Swash Exclusion Hypothesis

(SEH: McLachlan et al. 1993) and latter the Habitat Harshness

Hypothesis (HHH: Defeo et al. 2001, 2003) have already

predicted such variations in population dynamics and life

history traits. The Habitat Favorability Hypothesis (HFH)

further suggests that benign (i.e. dissipative) environments or

sites undisturbed by human activities may significantly favor

intraspecific interactions and density-dependent processes

(Caddy & Defeo 2003) being therefore considered more suitable

to the inhabiting macrofauna (McLachlan et al. 1995).

Threats to sandy beach ecosystems are amplified by human

over-exploitation of resources and population shifts towards

the cost (Roberts & Hawkins 1999), inducing a wide source of

stressors ranging from local (e.g. trampling, sewer discharge) to

global impacts (e.g. sea-level rise, global warming) acting at

multiple spatial-temporal scales (Defeo et al. 2009). Such

human-induced threats can significantly endanger the sandy

beach macrobenthic fauna and subsequently affect their

complex food webs (McLachlan et al. 1981, Lercari et al.

2010) given their critical role in transferring energy and

regenerating nutrients (Soares et al. 1997, Cisneiros et al. 2011).

Food webs at sandy environments are mainly based on

marine sources like wrack and carrion (Colombini & Chelazzi

2003, Dugan et al. 2003), microphytobenthos (Delgado 1989)

and surf-zone diatoms (Odebrecht et al. 2013) which support (i)

an independent interstitial food web; (ii) a surf-zone microbial

loop; and (iii) a macroscopic food web (McLachlan et al. 1981,

Heymans & McLachlan 1996). The knowledge about the food

web structure and trophic relationships on sandy shores has

growing with the implementation of stable isotopes (SI)

techniques (Colombini et al. 2011) and recent studies have

evidenced that the number of trophic pathways and food web

complexity are strongly linked to morphodynamics, increasing

significantly from reflective to dissipative environments

(Lercari et al. 2010, Bergamino et al. 2011, 2013).

Early quali-quantitative studies on both intertidal and surf

zones indicated that the sandy beaches from southernmost

Brazil are among the richest and highly productive sandy

environments (Gianuca 1997a) but secondary production data

are still lacking to build trophic pathways similar to those

reported nearby e.g. the Uruguayan coastline (Lercari et al.

2010). This comprehensive review includes both published and

unpublished data aiming to evidence the major trophic

relationships and empirically trace the flows of matter through

the food web compartments along the southern Brazilian sandy

shores, serving as background information for further SI

research or management of stakeholders.

Study area overview

1. Beach morphodynamics

Subtropical exposed sandy shores in southernmost Brazil

extend along 220 km of a continuous NE-SW coastline between

Rio Grande (32610’ S) and Chuı́ (33645’ S) and present distinct

morphodynamic patterns (Calliari et al. 1996, Pereira et al.

2010): (i) immediately south of 326 S, Cassino Beach presents

fine sandy substrates and dissipative characteristics; (ii) along

,40 km of coastline - between 33620’ S and 33635’ S -

Concheiros Beach presents bimodal substrates (shell fragments

and medium/fine sands) and tending-to-reflective beach states;

and (iii) the remaining coastline, presenting extensive beach

widths (40-120 m), large swash zones (10-50 m), gentle slopes

(1/15-100), fine quartz sands (,3.0 phi) and intermediate

morphodynamic states with intermediate/moderate low mobi-

lity (Figure 1).

2. Coastal occupation & sandy shore threats

The Brazilian southern state of Rio Grande de Sul (RS) has

one of the least developed shores in the country and less than

10% of the state population (,11 106 habitants) living along

620 km of an almost continuous coastline: most of developed

coastal cities are concentrated in its northern region while just a

few balnearios-like-towns are found southwards separated by

long and ‘‘wild’’ shore segments (Esteves et al. 2000). The

southern urbanized beaches of Cassino, Hermenegildo and

Barra do Chuı́ are moderately used by local habitants and

fishermen the year-round but heavily frequented by tourists

between late austral spring and early autumn (December-April)

(Figure 2).

Figure 1. Subtropical sandy shores along the southernmost Brazil,
presenting three sectors with distinct morphodynamic patterns: north-
ern dissipative beaches (striped coastline); tending-to-reflective envir-
onments southwards the Albardão Lighthouse (AL), near the
Concheiros Beach (dark coastline); and the remaining intermediate
sandy shores (grainy coastline). The urbanized areas of Cassino Beach
(Cass), Hermenegildo (Herm) and Barra do Chuı́ (Barr) are located.
PLE: Patos Lagoon Estuary; Mi: Mirim Lagoon; Ma: Mangueira
Lagoon.
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Despite the relatively low human occupation, several

human-induced threats have exponentially endanger the

macrobenthic fauna along this coastal area: artisanal over-

fishing, mainly over the yellow clam Amarilladesma

(= Mesodesma) mactroides and the ghost shrimp Sergio mirim;

grooming and tourist trampling during the summer months;

heavy traffic of vehicles including regular cars, ORVs and

heavy trucks; inland freshwater discharge from agricultural and

ranching activities; silviculture of exotic trees like Pinus sp.;

intense harbor activities and dredge operations within the

nearby Patos Lagoon estuary, increasing respectively the

potential risk of biological invasions and mud depositions on

Cassino Beach; and offshore oil-drilling operations to be

implemented in the near future.

In addition, the sea-level rise due to global warming and the

risk of macrobenthic strandings due to extreme weather events

can potentially increase the list of local threats. Exotic macro-

benthic species were not reported yet in the Southwestern

Atlantic sandy shores but this may reflect a poor sampling

coverage rather than lack of biological invasions (Orensanz

et al. 2002, Defeo et al. 2009).

3. Wave climate & weather events

The southern Brazilian beaches are exposed to moderate/

strong wave action (Hb: 0.5-5.5 m; T: 6-18 s) under the

influence of mixed-diurnal microtides (, 1 m; annual average

,0.5 m) and thus classified as wave-dominated (Relative Tide

Range , 3; sensu Masselink & Short 1993).

Wave climate can be divided into three major groups

(Tomazelli & Villwock 1992, Figueiredo 2013): (i) swell waves

of high amplitude and long period (mainly from S-SE); (ii) sea

waves of short period (mainly from NE-E); and (iii) rare storm

waves of high energy generally associated to storm surges. A bi-

seasonal behavior is found superimposed on those overall

morphodynamic patterns owing to the wave climate (Calliari &

Klein 1993): spring/summer accretion profiles (low swell) versus

autumn/winter erosive profiles (storm waves).

Extreme weather events such as storm surges and waves

associated or not to cyclogenesis (Parise et al. 2009) are

responsible for significant beach erosion rates (40-63 m3 m-1)

and dune field retractions (up to ,5 m), raising temporally the

sea-level to the base of dunes (. 2.0 m) especially when

associated to spring tides (Calliari et al. 1998, Barletta &

Calliari 2003, Tabajara et al. 2004). The wind regime over the

region (Krusche et al. 2003) presents predominance of NE

winds during the spring/summer seasons (October-March) and

strong southerly winds during the autumn/winter seasons

(April-September). The rainfall regime is highly influenced by

frontal systems and cyclogenesis (Rao & Hada 1990, Diaz et al.

1998) and positively improved by ENSO El Niño phenomena

(Grimm et al. 1998).

Macrobenthic compartments

1. Zonation patterns

The vertical distribution of the macrobenthic fauna along

the southern Brazilian coast follows a typical zonation pattern

(Borzone & Gianuca 1990, Gianuca 1997a): foredunes, as the

terrestrial/marine interface; supralittoral zone (or supratidal),

dry-sand areas only inundated during extreme weather events

(e.g. storm surge/waves); mesolittoral zone (or intertidal)

including here the swash zone, frequently inundated by regular

tides; and the infralittoral (or surf zone), divided into the inner

surf zone (from the lower swash towards the 2 m isobath) and

the outer surf zone (2-10 m isobaths).

Macrobenthic zonation may change according to the type

of beach as the number of zones increase from reflective to

dissipative states (Defeo et al. 1992, Jaramillo et al. 1993).

Nevertheless, temporal fluctuations may difficult the recogni-

tion of such zonation schemes - especially along microtidal

shores - given the unpredictable tidal movements and the

seasonal distribution of species across the beach profile

(Brazeiro & Defeo 1996).

Along the intermediate sandy shores of southernmost Brazil

(e.g. Cassino Beach), macrobenthic zonation was characterized

as very dynamic through seasons despite the general 3-zone

pattern (Neves et al. 2007): (i) supralittoral, occupied by

burrows of the ghost crab Ocypode quadrata; (ii) upper

mesolittoral, inhabited by the polychaete Thoracophelia furcifera

(= Euzonus furciferus) and the isopod Excirolana armata; and

(iii) a large lower zone including the lower mesolittoral and

the inner surf zone, which was characterized by the intertidal

migrants Amarilladesma mactroides and Donax hanleyanus in

addition to several infralittoral species.

2. Beach morphodynamics and macrobenthic assemblages

The beach and surf zone of intermediate and dissipative

coastlines may be characterized as a single semi-closed and self-

sustaining ecosystem (sensu McLachlan 1980) in which the

relative importance of each food web component may differ

Figure 2. Contrasting degrees of morphodynamic characteristics and human occupation along the exposed sandy shores of southernmost Brazil: at
the dissipative Cassino Beach, an intense traffic of vehicles and tourists occurs throughout the warmer months (a) in opposition to those ‘‘wild’’
southward segments of intermediate (b) and tending-to-reflective shores like the Concheiros Beach (c).
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significantly between the extremes of a morphodynamic

continuum (McLachlan & Brown 2006): whereas beaches with

little or no surf zone (i.e. reflectives) are nutrient sinking

environments with low in situ primary production, beaches with

extensive surf zones (i.e. intermediate/dissipatives) are highly

productive environments driven by an intense phytoplanktonic

primary production. As a consequence, components of nekton,

benthos, plankton and microbial communities tend to increase

diversity and biomass along these latter habitats (McLachlan &

Brown 2006).

The extensive southern Brazilian coast is predominantly of

the intermediate type and presents high microalgae biomass

mainly granted by accumulations of the surf-zone diatom

Asterionellopsis glacialis (Castracane) Round throughout the

year (Odebrecht et al. 2010, 2013). During high A. glacialis

concentrations (107 to 9 cells L-1), high primary production

rates (6.4 mg C L-1 h-1) and chlorophyll a values (up to 4.7 mg

L–1) can be registered (Odebrecht et al. 1995, Rörig & Garcia

2003). A decoupling mechanism between this surf-zone diatom

and bacteria communities was also observed at Cassino Beach

but, at least for this southern shore, the microbial loop is

neither recycling nutrients nor serving as food source for other

organisms in the food web (Abreu et al. 2003).

The primary producers within the surf zone constitute an

important food source for intertidal species such as bivalves

Amarilladesma mactroides and Donax hanleyanus (both filter-

feeders), hippid crabs Emerita brasiliensis (suspension-feeder)

and even other filter-feeding bivalves like Amiantis purpurata,

Tivela spp. and Mactra isabelleana in the outer surf zone (Garcia

& Gianuca 1997). Across the beach profile, accumulated annual

production (ash-free dry weight; AFDW) of A. mactroides (3,251

g m-1), E. brasiliensis (499 g m-1) and D. hanleyanus (55 g m-1)

accounted for more than 95% of all the surf-zone secondary

production (Gianuca 1983, 1997a), in addition to the biomass of

the suspension-feeder polychaete Spio (= Scolelepis) gaucha (35 g

m-2) and the scavenger isopod Excirolana armata (8 g m-2)

(Gianuca 1997a, Santos 1994). Ultimately, such species may

transfer substantial portions of organic matter to secondary

consumers, which are finally preyed by intermediate/top

predators such as resident and migratory birds (Vooren &

Chiaradia 1990, Vooren 1997), supralittoral and infralittoral

crabs (Wolcott 1978, Leber 1982) and also fish assemblages (Du

Preez et al. 1990, Capı́toli et al. 1994).

Besides the large predominance of intermediate beach states

and the inhabiting macrobenthic assemblages, a singular stretch

of dissipative coast is found northwards the Cassino Beach,

near the Rio Grande western jetty (Calliari & Klein 1993),

presenting ‘‘almost endemic’’ macrobenthic species like Sergio

mirim, the only ghost shrimp (Thalassinidea: Callianassidae)

reported for these sandy shores (Pezzuto 1998). Burrows of S.

mirim can be found in relative high density across the

dissipative lower intertidal/shallow infralittoral zones - espe-

cially during low tides - providing shelter and resources to crabs

Austinixa (= Pinnixa) patagoniensis and several other symbiotic

species (Gianuca 1997a, Alves & Pezzuto 1998). Exhibiting a

(direct) deposit-feeding behavior, S. mirim storages organic

matter within its burrow for later consumption on this enriched

substrate (Coelho & Rodrigues 2001). Local fishermen have

conducted an increasing catch of ghost shrimps as bait

especially during the summer and thus should be managed to

avoid overfishing (Pezzuto 1998). Other macrobenthic species

inhabiting this dissipative shoreline have already experiencing

declines in terms of density and biomass due to human-induced

threats, given the proximity to the Cassino urbanized area

(Queiroz 2008, Viana 2008, Girão 2009).

Lowest diversity, density and biomass of macrobenthic

fauna are associated to that intermediate-to-reflective portion

of the southern Brazilian coast - the Concheiros Beach, near the

Balneário Hermenegildo - a pattern also found southwards for

intermediate and truly reflective beaches in the Uruguayan

coast e.g. Arachania and Manantiales (Defeo et al. 1992,

Lercari et al. 2010). A snapshot survey conducted at Concheiros

Beach reported that macrobenthic zonation was not clear and

that macrobenthic richness (five species only) and biomass were

both low when compared to the surrounding shores, given the

high concentration of shell debris within the substrate: bivalve

Donax hanleyanus (up to 43 g m-2), hippid crab Emerita

brasiliensis (11 g m-2), carnivorous polychaete Hemipodia

californiensis (= Hemipodus olivieri) (0.2 g m-2) and isopods

Excirolana braziliensis (0.5 g m-2) and E. armata (, 0.1 g m-2)

(Barros et al. 1994). Recent seasonal and interannual surveys

have significantly increased this short list of species: more than

21 macrobenthic taxa were so far identified for Concheiros

Beach including polychaetes, flatworms, molluscs, nemerteans

and crustaceans across the swash zone (Minasi 2013) whereas

28-75 burrows of ghost crabs Ocypode quadrata (1-4 mm to 13-

16 mm) were seasonally registered within the upper mesolit-

toral/supralittoral zones (Brauer 2013).

Comparing the ecosystem structure and trophic networks of

two sandy beaches with contrasting morphodynamics, signifi-

cant differences were reported concerning the number of

biological compartments operating at dissipative (20) and

reflective beaches (9), with the former presenting a higher

number of top predators and superior trophic levels (Lercari et

al. 2010). In southernmost Brazil such dissimilarities between

intermediate and reflective sandy environments become evident,

based on qualitative records, stomach content analyzes, field

samplings and laboratory experiments (Table 1). Higher species

richness at intermediate shores coincided with distinct composi-

tion and number of biological compartments when compared to

reflective shores; nevertheless, such difference may be biased by

the fewer studies conducted along these latter environments.

Across-shore trophic relationships

Based on this comprehensive compilation of data (Table 1),

major trophic relationships are highlighted and across-shore

described taking into account the biological compartments of

producers, macrobenthic fauna, seabirds and surf-zone fishes

present at the intermediate shores in southernmost Brazil

(Figure 3), as follows:

1. Supralittoral zone

By the action of strong SW winds, due to storm events or

after the passage of frontal systems, vegetal detritus and high

phytoplankton concentrations are both carried to the upper-

shore forming extensive deposits of organic matter along the

beach. Dense accumulations of the surf-zone diatom

Asterionellopsis glacialis generally form dark-brown patches

at the meso/supralittoral (Odebrecht et al. 2013), representing

an important food source for terrestrial coleopterans (Bledius

spp.) and the talitrid amphipod Atlantorchestoidea brasiliensis,

a scavenger/detritivore species (Gianuca 1983). The abundant

presence of the rove beetle Bledius bonariensis (2,350 ind. m-2)
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and the tiger beetle Cicindela conspersa may attract coleopteran

predators like the ground beetle Tetragonoderus variegatus,

being all ultimately preyed by resident birds like the collared

plover Charadrius collaris and the pipit Anthus correndera

(Garcia & Gianuca 1997).

The supralittoral zone of exposed sandy beaches are

typically inhabited by several species of insects, amphipods,

isopods and crabs of the genus Ocypode, this latter worldwide

distributed in tropical and subtropical sandy shores

(McLachlan & Brown 2006). The ghost crab Ocypode quadrata

presents a generalist feeding behavior and actively moves from

the supralittoral down to the upper swash zone during low tides

to prey on live intertidal migrants (e.g. Donax and Emerita

species), flesh of large dead animals (e.g. fishes) or even

deposited phytoplankton from the substrate (Wolcott 1978,

Leber 1982, Robertson & Pfeiffer 1982, Trott 1999).

Ocypode quadrata excavates burrows across the mesolittoral

(juveniles) and supralittoral zones (adults) of southern Brazil

(Alberto & Fontoura 1999, Girão 2009) and scavenges

macrobenthic strandings after storm surge events, when

Table 1. Species richness and biological compartments from supralittoral to the inner surf zone at intermediate (INT)
and reflective (REF) sandy shores in southernmost Brazil. Taxonomic classification is presented when available. p:
presence; —: absence; ?: unknown report / poor sampling. Anom: Anomura; Anopl: Anopla; Bival: Bivalvia; Brachy:
Brachyura; Carab: Carabinidae; Gamma: Gammaridea; Gastr: Gastropoda; Isop: Isopoda; Polyc: Polychaeta; Staph:
Staphynelidae; Talitr: Talitridae.

Marine and "terrestrial" species Taxonomy
INT REF

( a ) ( b )

CRUSTACEA

Arenaeus cribrarius (Lamarck, 1818) Brachy p ?

Atlantorchestoidea brasiliensis (Dana, 1853) Talitr p ?

Bathyporeiapus bisetosus Escofet, 1970 Gamma p p

Chiriscus giambiagiae (Torti & Bastida, 1972) Isop p p

Emerita brasiliensis Schmitt, 1935 Anom p p

Excirolana armata (Dana, 1853) Isop p p

Excirolana braziliensis Richardson, 1912 Isop p ?

Macrochiridothea lilianae Moreira, 1972 Isop p —

Ocypode quadrata (Fabricius, 1787) Brachy p p

Phoxocephalopsidae amphipods Gamma p p

Platyischnopidae amphipods Gamma p p

MOLLUSCA

Amarilladesma mactroides (Reeve, 1854) Bival p p

Buccinanops duartei Klappenbach, 1961 Gastr p ?

Donax gemmula Morrison, 1971 Bival p —

Donax hanleyanus Philippi, 1847 Bival p p

Olivancillaria auricularia (Lamarck, 1811) Gastr p ?

Olivancillaria orbignyi (Marrat, 1868) Gastr p ?

ANNELIDA

Hemipodia californiensis (Hartman, 1938) Polyc p p

Nephtys simoni Perkins, 1980 Polyc p p

Sigalion cirrifer Orensanz & Gianuca, 1974 Polyc p —

Spio gaucha Orensanz & Gianuca, 1974 Polyc p p

Thoracophelia furcifera Ehlers, 1897 Polyc p p

INSECTA

Bledius bonariensis Bernhauer, 1912 Staph p ?

Bledius fernandezi Bernhauer, 1939 Staph p ?

Bledius microcephalus Fauvel, 1901 Staph p ?

Cicindela conspersa Dejean, 1825 Carab p ?

Cicindela patagonica Horn,1895 Carab p ?

Tetragonoderus variegatus Dejean, 1825 Carab p ?

NEMERTEA Anopl p p

SEABIRDS ( c ) p —

FISHES ( d ) p ?

ZOOPLANKTON ( e ) p ?

PHYTOPLANKTON ( f ) p ?

Based on references for southern Brazilian (a) intermediate beaches: Gianuca (1983, 1997), Girão (2009), Neves et al.
(2007, 2008, 2012), Queiroz (2008), Silva et al. (2008), Viana (2008); (b) reflective beaches: Barros et al. (1994), Brauer
(2013), Minasi (2013); (c) seabirds: Vooren & Chiaradia (1990), Vooren (1997); (d) fishes: Capı́toli et al. (1994),
Monteiro-Neto et al. (2003), Lima & Vieira (2009), Rodrigues & Vieira (2010); (e) zooplankton: Bersano (1994); (f)
phytoplankton: Odebrecht et al. (1995, 2010, 2013).
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Amarilladesma mactroides and Donax hanleyanus empty shells

and Emerita brasiliensis debris are registered around large

burrows of the ghost crab (pers. obs.). Macrobenthic strandings

result from the passive transport of several intertidal/infra-

littoral species to the upper parts of the beach due to strong

hydrodynamics and SW winds, determining massive mortality

due to their trapping in the dry sand and dying by desiccation,

starvation, predation or human-induced factors (Neves et al.

2008, Pinheiro 2013, Pinotti & Bemvenuti in prep.).

Nocturnal activities of Ocypode quadrata are commonly

reported for populations inhabiting the southern coast of Rio

Grande do Sul state, even under favorable daytime tempera-

tures e.g. 25 6C (Alberto & Fontoura 1999). Along

Moçambique Beach (Florianópolis, SC, Brazil) such night-time

behavior was considered an important strategy to keep away

from diurnal predators like seagulls and falconid species

(Blankensteyn 2006). Avoid daylight exposure may decrease

predation rates over O. quadrata if taken into account the high

diversity and abundance of predatory birds foraging alone or in

flocks during the day along the southern Brazilian shores

(Vooren & Chiaradia 1990). On the other hand, such behavior

does not prevent the nocturnal predation of other animals like

the burrowing owl Athene cunicularia and the skunk

Conepathus chinga, both inland predators alternatively feeding

on this crab (Gianuca 1997b).

Other inland top predators found over the entire beach all

year round are seagulls (Larus dominicanus and

Chroicocephalus maculipennis) and hawks (Milvago chimango

and Caracara plancus) which also feed on stranded debris,

wind-blown insects and discards of coastal fishery (Vooren

1997).

2. Mesolittoral zone

The shore exposure to strong winds from S-SW quadrants

(mainly through the cold seasons) determine an abundant

availability of food sources (suspended/deposited) to the

inhabiting intertidal macrofauna, mostly granted by high

concentrations of the surf-zone diatom Asterionellopsis glacialis

(Garcia & Gianuca 1997).

The infaunal polychaete Thoracophelia furcifera is commonly

registered along the upper/mid-intertidal zones from sandy

beaches of southern Brazil and northern Uruguay, from the

surface up to 20 cm deep (Defeo et al. 1992, Brazeiro & Defeo

1996, Neves et al. 2007). This small Opheliidae (, 2 cm long, ,3

mm wide), usually classified as a deposit-feeder (Fauchald &

Jumars 1979), may utilize that organic matter derived from A.

glacialis deposits within the substrate whilst exploiting bacteria

and other microbes as carbon source (Kemp 1986). Under severe

insolation and consequent drying of the sand surface, elevated

concentrations of T. furcifera are found deeper in the substrate;

conversely, when the water table is high and the sand is wet,

higher polychaete densities are found near the surface (Viana

2008), occasion in which T. furcifera and abundant intertidal

migrants may constitute significant food sources for the northern

migrant sandpipers Calidris spp. (Vooren & Chiaradia 1990,

Vooren 1997).

The scavenger isopod Excirolana armata is generally

characterized as a primary consumer exposed to high predation

pressure (Lercari et al. 2010). Inhabiting the intermediate to

lower intertidal, E. armata swims and burrows faster than other

Cirolanid found in upper levels - E. braziliensis - but both are

capable of actively pursuit prey and search for carrion under a

wide range of swash currents (Yannicelli et al. 2002). Several

macrobenthic species and even large dead organisms (e.g.

fishes, seabirds) are voraciously consumed by hundreds of

Excirolana isopods which literally swarm the carcasses while

feeding (pers. obs.), thus accelerating the recycling of organic

matter (McLachlan & Brown 2006). During the summer

months, dense flocks of sandpipers Calidris canutus, C.

fuscicollis and C. alba can be found foraging on E. armata

isopods within the upper swash zone, on slightly submerged

substrates or even on dry sand (Vooren 1997).

Probing the substrate with their fine bills and localizing the

prey through touch and taste (and even visually), Calidris

sandpipers also adopt this forage strategy to efficiently prey

on Amarilladesma mactroides (recruits to juveniles), Donax

hanleyanus and Emerita brasiliensis (Vooren & Chiaradia 1990,

Vooren 1997). Such intertidal migrants may achieve high

densities across the beach profile especially during recruitment

peaks, between late spring and early autumn (Neves et al.

2007). The above species and E. armata are also significantly

preyed in a solitary manner by charadriid plovers Charadrius

falklandicus (southern migrant), C. collaris (resident species),

Pluvialis dominica and P. squatarola (both northern migrants),

which search their prey exclusively by visual means at the upper

swash zone and to a lesser extent on slightly submerged sands

(Vooren 1997). As a result, intertidal migrants can account for

90 % of the stomach content of sandpipers and plovers by the

end of summer (Garcia & Gianuca 1997).

Omnivorous-detritivorous amphipods like Bathyporeiapus

bisetosus and B. ruffoi (Exoedicerotidae), Phoxocephalopsis

zimmeri and Puelche orensanzi (Phoxocephalopsidae) and

Platyischnopidae amphipods may utilize part of primary (or

even secondary) production for nourishment along the swash

zone, where suspended/deposited diatoms and detritus are

important food sources (Escofet 1973, Lercari et al 2010).

Linking the primary production to higher trophic levels, such

amphipod species may be characterized as potential food items

in the diet of those migrant/resident sandpipers and plovers,

given the macrobenthic distribution across the beach profile and

the shorebird feeding strategies (Vooren 1997, Neves et al. 2007).

Endemic in southern Brazil, Uruguay and northern

Argentina exposed sandy beaches, the polychaete Spio gaucha

is commonly found across the entire mesolittoral zone, reaching

elevated mean annual biomass (up to 31 g AFDW m-1) and

production (up to 113 g AFDW m-1 year-1) due to extremely high

densities (up to 100,000 ind. m-2), especially during spring and

early summer (Santos 1991, 1994). Such infaunal species

constructs a weak cohesive tube within the first 20 cm of sand,

exhibiting a suspension-feeding behavior near the substrate

surface (Santos 1991). Indeed, Scolelepis sp. feed predominantly

on suspended particles within the intertidal zone but may

opportunistically change to a deposit-feeding strategy under still

environmental conditions (Pardo & Amaral 2004). Regardless

the feeding behavior, S. gaucha may utilize that abundant offer

of suspended and/or deposited diatoms (mainly Asterionellopsis

glacialis) for nourishment, linking such primary production to

higher trophic levels and thus playing an important role in sandy

beach ecosystem functioning (Speybroeck et al. 2007).

Sandpipers and plovers are shorebirds with short bills well

adapted to prey on small macrobenthic fauna living shallowly

nearby the substrate surface (Santos 1991, Vooren 1997). On

the other hand, the shape and size of the bill and the specialized

searching behavior of the American oystercatcher Haematopus
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palliatus allow the species to feed preferentially on large yellow

clams Amarilladesma mactroides (Vooren & Chiaradia 1990).

This intertidal migrant exhibits a shallow behavior within the

first cm layers during early stages of development, but reaches

15-40 cm deep in the sediment when adult (. 50 mm) using the

strong foot to dig and anchor (Narchi 1981, Penchaszadeh

2004). Buried across the swash zone at depths around 5 cm,

large clams are available neither to other birds (e.g. sandpipers,

plovers) nor to marine predators (e.g. fish assemblages) except

when emerging to migrate with tides; then, they are also preyed

by the resident seagulls Larus dominicanus (Vooren 1997).

Dense beds of A. mactroides (2-6 103 ind. m-2) are broadly

found across the swash zone especially between late spring and

early autumn (Neves et al. 2007) when they are heavily preyed,

reinforcing that important link of trophic transference between

macrobenthic species and bird compartments (Garcia &

Gianuca 1997).

3. Infralittoral (inner and outer surf zones)

Under the influence of regular wave action and strong

currents, the inner surf zone of southernmost Brazil is character-

ized as a turbulent environment, in which the frequent winter

storms further increase such stressful hydrodynamics (Gianuca

1997). During extremely low tides, sandpipers and plovers may

alternatively feed on Donax gemmula (highly abundant), isopods

Chiriscus giambiagiae and Macrochiridothea lilianae, and also on

polychaetes Sigalion cirrifer, Hemipodia californiensis and

Nephtys simoni, given their frequency and abundance within

the interface lower swash zone/inner surf zone (Gianuca 1997).

The infaunal polychaetes do not reach those high densities of

the intertidal Spio gaucha but attain a much larger body size

and consequently higher biomass per individual (pers. obs.),

preying actively on the meiofauna (e.g. nemerteans, ostracods,

harpacticoid copepods) or ingesting post-settled recruits of the

macrofauna (e.g. bivalves, polychaetes, crustaceans) specially

during recruitment peaks (Neves et al. 2007).

Several marine decapods, whelks and juvenile fishes from

the surf zone are generally reported moving into the lower

mesolittoral during high tides, promoting significant predation

excursions (Garcia & Gianuca 1997). The speckled swimming

crab Arenaeus cribrarius is a voracious predator, being

frequently registered across the swash zone searching for living

prey (e.g. bivalves, gastropods and other invertebrates) or meat

in decomposition. Both juveniles and adults of A. cribrarius

display a generalist carnivorous behavior in which prey are

selected according to the capture capacity and swimming ability

of different size classes (Warner 1977). Intertidal migrant

species like Amarilladesma mactroides (recruits to juveniles),

Donax hanleyanus and Emerita brasiliensis are recognized as

important food sources for A. cribrarius given their abundance

near the substrate surface as shallow filter-/suspension-feeders,

a predation-prey relationship also reported elsewhere (Leber

1982). Furthermore, we can not disregard the inner surf zone

polychaetes Sigalion cirrifer, Hemipodia californiensis and

Nephtys simoni as recurrent food sources in the swimming crab

diet given the high burrowing capacity of portunid crabs

(Warner 1977).

Surf zone whelks like Buccinanops duartei and Olivancillaria

auricularia (0-5 m depth), B. monilifer and O. urceus (5-8 m) are

either predators or scavengers frequently registered in pre-

datory excursions across the swash zone/inner surf zone

(Borzone & Gianuca 1990, Garcia & Gianuca 1997), expanding

their large foot muscle to burrow the sand (anchoring) or

efficiently ride the swash waves (surfing) up and down the

beach (Penchaszadeh 2004). Employing an accurate chemical

perception to detect debris of dead animals or living prey,

Buccinanops species take advantage of their strong foot to

capture food sources, including young/small Donax hanleyanus

and Emerita brasiliensis (Rios 2009). Similar displacement and

hunt strategies are also exhibited by Olivancillaria species when

preying over small clams, especially D. hanleyanus and juveniles

of Amarilladesma mactroides (Penchaszadeh 2004).

The ichthyofauna is usually dominated by benthic feeders

moving into shallow waters to feed on benthos and alterna-

tively on zooplankton, being therefore characterized as higher

predators (Lasiak & McLachlan 1987; Du Preez et al. 1990).

The zooplankton community in southernmost Brazil is broadly

dominated by mysids (highly abundant) and copepods (more

diverse) in addition to several meroplanktonic larvae, account-

ing for a high biomass within the surf zone (up to 8 103 mg C m-3;

Bersano 1994). Such elevated zooplankton biomass is likely

to exert a significant grazing pressure over the phytoplankton

community.

The shallow depth in the inner surf zone generally limits the

access of large fishes whilst may provide an important nursery

area for juveniles (Lasiak 1981). Along the southern Brazilian

coast, Monteiro-Neto et al. (2003) reported 43 fish species

across this shallow zone (0-1.2 m), with juveniles ranging

between 15-150 mm of total length. A more recent study within

this zone also revealed a significant differentiation between

resident and seasonal species (Lima & Vieira 2009). Among

some of those surf zone inhabitants, juveniles of pampo

Trachinotus marginatus do not feed on macrobenthic fauna

whilst the silverside Odonthestes argentinensis alters the main

food source from diatoms to zooplankton during its develop-

ment (Bemvenuti 1990). The mullets Mugil platanus and M.

gaimardianus ingest zooplankton and deposited material over

the substrate while offshore, including the diatom Asterionellopsis

glacialis (Vieira 1991, Garcia & Gianuca 1997).

The vertical distribution of the macrobenthic fauna across

the southern Brazilian surf zone is a function of depth, where 126

species form three distinct assemblages (Borzone & Gianuca

1990): a shallow assemblage (2-5 m of depth), characterized by

whelks Olivancillaria auricularia and Buccinanops duartei,

bivalves Corbula sp. and Donax gemmula, polychaetes Sigalion

cirrifer and Diopatra viridis, the isopod Macrochiridothea lilianae

and the sand dollar Mellita quinquiesperforata; an intermediate

assemblage (5-8 m) with shared composition and thus higher

diversity; and a deeper assemblage (8-10 m) dominated by

abundant polychaetes Kinbergonuphis difficilis and

Paraprionospio pinnata, bivalves Mactra isabelleana and Tellina

spp., the gastropod Duplicaria gemmulata and the polychaetes

Pherusa capitata, Glycinde multidens and Glycera americana.

Several other species like the cumacean Diastylis sympterygiae,

isopods Synidotea marplatensis and Ancinus gaucho, molluscs

Abra lioica and Anachis isabellei and the polychaete Parandalia

sp. present a wider distribution and also higher density

throughout the outer surf zone (Borzone & Gianuca 1990).

This high macrobenthic richness/density and the high

abundance of juvenile fishes in deeper waters of the outer surf

zone (2-10 m depth) distinguishes this zone as an important

feeding ground to fishes, comprising secondary or even higher

consumers: adults of T. marginatus; kingcroakers Menticirrhus

americanus and M. littoralis; banded croaker Paralonchurus
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brasiliensis; flatfishes Oncopterus darwini and Paralichthys

orbignyanus; whitemouth croaker Micropogonias furnieri; and

catfishes Genidens barba and G. planifrons (Monteiro-Neto &

Cunha 1990; Capı́toli et al. 1994, Rodrigues & Vieira 2010).

Large individuals of Pogonias cromis (black drum) may feed

abundantly on the filter-feeding bivalves A. purpurata, Tivela

spp. and M. isabelleana (Garcia & Gianuca 1997).

From the inner shelf to the upper slope, even more diverse

and abundant macrobenthic assemblages are found in the

southwestern Atlantic (Absalão 1990, 1991; Capı́toli &

Bemvenuti 2004, 2006) supporting demersal and benthic teleost

fish assemblages, many of them commercially valuable

(Haimovici 1997); nevertheless, such trophic relationships

within/between deeper marine zones are beyond the scope of

the present revision.

Summary & conclusions

The southernmost Brazilian sandy shore is characterized as

primarily intermediate, despite those dissipative (Cassino Beach)

and tending-to-reflective (Concheiros Beach) stretches of coast

(Calliari et al. 1996). Along this shoreline, the surf-zone diatom

Asterionellopsis glacialis is the most important primary producer,

sustaining intermediate (secondary to tertiary) macrobenthic

consumers like filter-feeding bivalves, hippid crabs and scaven-

ger isopods, forming short trophic chains (Heymans &

McLachlan 1996, Lercari et al. 2010, Colombini et al. 2011).

During short-term high tides, the elevated abundance and

consequent high biomass of intertidal species along the southern

Brazilian shores may attract several top-predators like swimming

crabs, whelks and fishes (upshore) whilst the predation threats

are mainly exerted by ghost crabs and seabirds (downshore) at

low tides (Gianuca 1983). Only ghost crabs, some carnivorous

gastropods and polychaetes (mainly Hemipodia californiensis)

may conversely integrate the superior trophic levels on

Concheiros Beach, given the virtual absence of bird and fish

assemblages along reflective shorelines due to limited swash/surf

zone widths (Lercari et al. 2010). Dissipative beaches have higher

number of species occupying higher trophic levels whilst

reflective environments exhibit higher levels of connectance

and omnivory, increasing the trophic network robustness to

secondary extinctions (due to primary species loss e.g. by

biological invasions and/or habitat loss) and therefore enhancing

the ecosystem stability (Bergamino et al. 2013).

Given its role as nursery and growth area to juvenile/adult

fish assemblages and as strategic feeding area for resident/

migrant seabirds, conservation efforts should be heavily

implemented for the southernmost Brazilian intermediate

shores, at least for those non urbanized segments. Such

strategies could be focused on preserve the dune fields and

their natural vegetation, prohibiting the traffic of vehicles along

the beach, limiting the access of tourists and regulate the

invertebrate fisheries over the yellow clam Amarilladesma

mactroides and the ghost shrimp Sergio mirim.
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BEMVENUTI, M.A. 1990. Hábitos alimentares de peixes-rei

(Atherinidae) na região estuarina da Lagoa dos Patos, RS, Brasil.
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BERGAMINO, L., GÓMEZ, J., BARBOZA, F.R. & LERCARI, D.

2013. Major food web properties of two sandy beaches with

contrasting morphodynamics, and effects on the stability. Aquat.

Ecol. 47(3):253––261, http://dx.doi.org/10.1007/s10452-013-9440-5

BERSANO, J.G. 1994. Zooplâncton da zona de arrebentação, de

praias arenosas situadas ao sul de Rio Grande, RS. Primavera

de 1990 / Verão de 1991. MSc. Dissertation in Biological

Oceanography, Federal University of Rio Grande - FURG, Rio

Grande, Brazil.

BLANKENSTEYN, A. 2006. O uso do caranguejo maria-farinha

Ocypode quadrata (Fabricius) (Crustacea, Ocypodidae) como indica-
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Brasil. Atlântica. 28(1):47––59.
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cavadores en Bathyporeiapus ruffoi y Bathyporeiapus bisetosus

(Amphipoda: Oedicerotidae). Physis. 32(84):95––103.

ESTEVES, L.S., PIVEL, M.A.G., SILVA, A.R.P., BARLETTA, R.C.,

VRANJAC, M.P., OLIVEIRA, U.R. & VANZ, A. 2000.

Beachfront owners perception of erosion along an armored

shoreline in Southern Brazil. Pesq. Geoc. 27(2):93––109.

FAUCHALD, K. & JUMARS, P.A. 1979. The diet of worms: a study

of polychaete feeding guilds. Oceanogr. Mar. Biol. Ann. Rev.

17:193––284.

FIGUEIREDO, S.A. 2013. Modelling climate change effects in

southern Brazil. J. Coast. Res. 65(SI):1933––1938.

GARCIA, V.M.T. & GIANUCA, N.M. 1997. The Beach and Surf

Zone. In Subtropical Convergence Environments: The Coast and

Sea in the Southwestern Atlantic (Seeliger, U., Odebrecht, C. &

Castello, J.P. eds.). Springer-Verlag, Berlin, p. 166––170.

GIANUCA, N.M. 1983. A preliminary account of the ecology of sandy

beaches in Southern Brazil. In Sandy Beaches as Ecosystems

(Mclachlan, A., & Erasmus, T., eds.). Springer, Netherlands,

p.413––419.

GIANUCA, N.M. 1997a. Benthic Beach Invertebrates. In Subtropical

Convergence Environments: The Coast and Sea in the

Southwestern Atlantic (Seeliger, U., Odebrecht, C., & Castello,

J.P. eds.). Springer-Verlag, Berlin, p.114––117.

GIANUCA, N.M. 1997b. A fauna das dunas costeiras do Rio Grande

do Sul. Oecol. Bras. 3:121––133, http://dx.doi.org/10.4257/

oeco.1997.0301.08
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G A P P A , J . J . L . , O B E N A T , S . , P A S C U A L , M . ,

PENCHASZADEH, P., PIRIZ, M.L., SCARABINO, F.,

SPIVAK, E.D. & VALLARINO, E.A. 2002. No longer the pristine

confines of the world ocean:a survey of exotic marine species in

the southwestern Atlantic. Biol. Invasions. 4:115––143, http://

dx.doi.org/10.1023/A:1020596916153

PARDO, E.V. & AMARAL, A.C.Z. 2004. Feeding behavior of

Scolelepis sp. (Polychaeta:Spionidae). Braz. J. Oceanogr.

52(1):75––79, http://dx.doi.org/10.1590/S1679-87592004000100007

PARISE, C.K., CALLIARI, L.J. & KRUSCHE, N. 2009. Extreme

storm surges in the south of Brazil:atmospheric conditions and

shore erosion. Braz. J. Oceanogr. 57(3):175––188, http://dx.doi.org/

10.1590/S1679-87592009000300002

PENCHASZADEH, P.E. 2004. Caracoles, Almejas y Mejillones. In La

Vida entre Mareas:Vegetales y Animales de las Costas de Mar del

Plata, Argentina (Boschi , E.E. & Cousseau M.B. eds.). INIDEP,

Mar del Plata, p. 253––270.

PEREIRA, P.S., CALLIARI, L.J. & BARLETTA, R.C. 2010.

Heterogeneity and homogeneity of Southern Brazilian beaches:A

morphodynamic and statistical approach. Cont. Shelf Res. 30:270––

280, http://dx.doi.org/10.1016/j.csr.2009.11.007

PEZZUTO, P.R. 1998. Population dynamics of Sergio mirim

(Rodrigues, 1971) (Decapoda:Thalassinidea:Callianassidae) in

Cassino Beach, southern Brazil. Mar. Ecol. 19(2):89––109, http://

dx.doi.org/10.1111/j.1439-0485.1998.tb00456.x

PINHEIRO, C. 2013. Embancamentos da macrofauna bentônica e sua
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Abstract: We present herein a synthesis of faunistic data from caves in the Serra da Bodoquena karst

area, middle Paraguay River basin, Mato Grosso do Sul State. Those include phreatic, submerged and

dry caves. Emphasis is given to troglobites (exclusively subterranean species), potentially threatened due

to their morphological, physiological and behavioral specializations, associated to generally small

distributions. The Bodoquena karst area distinguishes as a spot of high diversity of troglobites, such as

trichomycterid and heptapterid catfishes, aquatic planarians and gastropods, arachnids (Eusarcus

opilionids, ctenid spiders), Polydesmida diplopods, several collembolans, some insects, and Peracarida

crustaceans, which include interesting phylogenetic relicts as spelaeogriphaceans. Four geographic

compartments corresponding to microbasins, seemingly with biogeographic importance for the

subterranean fauna, are recognized. Phreatobic troglobites (Trichomycterus catfishes, aquatic

peracarids, planarians) distribute widely across these compartments and some well beyond (the

spelaeogriphacean Potiicoara brasiliensis reaches Mato Grosso state), while those living in base-level

streams (Rhamdia and Ancistrus catfishes) and the terrestrial ones, that live in the vadose (aerated zone)

are generally restricted to one compartment. Many subterranean ecosystems in Mato Grosso do Sul are

endangered by several threats described here and urgent actions for effective protection are required to

guarantee a sustainable use of the land and the karst aquifers.

Keywords: Subterranean biodiversity, troglobites, distribution, Serra da Bodoquena karst area, Mato

Grosso do Sul, Biota-MS Program.

CORDEIRO, L. M., BORGHEZAN, R., TRAJANO, E. Biodiversidade subterrânea na área cárstica da

Serra da Bodoquena, bacia do Rio Paraguai, Estado do Mato Grosso do Sul, Sudoeste do Brasil. Biota

http://dx.doi.org/10.1590/1676-06032014011414

Resumo: Neste trabalho, são reunidos dados faunı́sticos sobre os táxons registrados em cavernas,

freáticas, submersas e secas, da área cárstica da Serra da Bodoquena, na bacia do médio Rio Paraguai,

Estado do Mato Grosso do Sul. É dada maior ênfase às espécies exclusivamente subterrâneas

(troglóbias), potencialmente ameaçadas de extinção devido às especializações morfológicas, fisiológicas e

comportamentais, e a distribuição geralmente restrita. A Serra da Bodoquena destaca-se por sua alta

diversidade de troglóbios, entre peixes siluriformes, planárias aquáticas e gastrópodes, aracnı́deos

(opiliões Eusarcus, aranhas Ctenidae), diplópodes Polydesmida, diversos colêmbolos e alguns insetos, e

crustáceos Peracarida, que incluem destacados relictos filogenéticos, como os crustáceos Speleogriphacea

e anfı́podes Megagidiella. São reconhecidos quatro compartimentos de aparente relevância biogeográfica

para cavernı́colas, correspondendo a microbacias na área. Troglóbios freáticos (bagres Trichomycterus,

crustáceos Peracarida aquáticos, planárias) apresentam distribuições amplas através desses

compartimentos, atingindo áreas distantes, como o Mato Grosso no caso dos Spelaeogriphacea

Potiicoara brasiliensis, enquanto as espécies aquáticas que vivem em riachos (siluriformes como Rhamdia

e Ancistrus) e os terrestres em geral, que vivem na zona vadosa, descontı́nua, tendem a apresentar

distribuições restritas aos respectivos compartimentos. Muitos ecossistemas subterrâneos do Mato

Grosso do Sul estão vulneráveis às várias ameaças descritas aqui e ações urgentes de proteção efetiva são

necessárias para garantir uma utilização sustentável da terra e dos aquı́feros cársticos.

Palavras-chave: biodiversidade subterranean, troglóbios, área cárstica da Serra da Bodoquena, Mato Grosso

do Sul, Programa Biota-MS.
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Introduction

The Serra da Bodoquena karst area has ca. 200 caves so far

recorded (Sallun-Filho et al. 2010), with a great variety of

subterranean habitats, including phreatic (never exposed at the

vadose zone –– Ford & Williams 2007) and submerged (found

beneath the water level after a period at the vadose zone) cave

systems, and dry caves. It distinguishes as a high diversity spot

for troglobites (species with exclusively subterranean source

populations –– Trajano 2012) in South America. Among these,

five siluriform fishes and several invertebrates have been

recorded, such as spelaegriphaceans and bogidiellid amphipods,

planarians, Pomatiopsidae gastropods, polydesmid diplopods,

opilionids and onychophorans, including phylogenetic and

geographic relicts. In addition, a rich troglophilic (also found in

epigean habitats) fauna is observed, which coexists and

interacts with the several troglobitic populations. Such diversity

points to intricate evolutionary patterns related to the complex

geological history of the area, interacting with present-day

ecological factors, including the epigean (surface) biodiversity

and biomass allowing for a significant input of nutrients into

the subterranean realm.

1 History of speleobiology in the Mato Grosso do Sul

State

The speleobiological interest in the area started in the mid-

19809s, with the discover, in a submerged cave (the Lago Azul

Cave), followed by description of Potiicoara brasiliensis Pires

1987, the second known species of living Spelaeogriphacea –– the

first one was Spelaeogriphus lepidops Gordon 1957, from Table

Moutains, South Africa (there are recent reports from caves

other than the type locality - S. Craven & A.L.F. Guil, pers.

comm.). Later on, two other species were found in Australia,

confirming the Gondwanic distribution for the taxon and its

relictual character. Further studies showed a wide distribution

for spelaeogriphaceans in Mato Grosso do Sul, and also

brought into light another phylogenetically and biogeographi-

cally important crustacean, the Megagidiella amphipods.

The period from mid-19909s to mid-20009s was marked by

cave diving by biologists, who found the first troglobitic fishes

from Serra da Bodoquena karst area, Bonito County, in the

southern plateau: the armored catfish Ancistrus formoso Sabino

& Trajano 1997 and Trichomycterus dali Rizzato, Costa-Jr.,

Trajano & Bichuette 2011 (this fish was first collected in 1998,

but its description took more than one decade to be published).

In the early 19909s, extensive biologic surveys were made,

focusing mainly on terrestrial cave communities, which resulted

in the first comprehensive faunal lists for caves in the southern

plateau of the Bodoquena karst area, Bonito, Jardim and Porto

Murtinho counties (Gnaspini & Trajano 1994). By then, the

high potential for the occurrence of specialized terrestrial and

aquatic subterranean animals was clear.

The presence of several spectacular submerged and phreatic

caves, for which the Bonito region is notorious worldwide,

implied an increasingly strong touristic pressure over the area.

Brazilian legislation requires management plans for caves

destined for tourism and their surroundings. Hence, environ-

mental studies were designed to base such plans, beginning with

the most famous touristic point, the flooded cave Lago Azul,

where Potiicoara brasiliensis was discovered. Such studies

allowed for a better knowledge of the aquatic communities in

some caves, such as Mimoso, Buraco das Abelhas, São Miguel

and Anhumas, besides the Lago Azul.

In 2002, N. Moracchioli finished her Ph. D. thesis centered

on Brazilian spelaeogriphaceans, which proved to be quite

abundant and widespread in Serra da Bodoquena, also

occurring in Ricardo Franco Cave, Forte Coimbra area,

Corumbá Co. (also in Mato Grosso do Sul, but on the opposite

margin of the Paraguay river, distant ca. 200 km from

Bodoquena), and in Curupira cave, Serra das Araras, Rosário

do Oeste County, in Mato Grosso state, to the north of Mato

do Grosso do Sul. She also gathered data on Megadiella

amphipods, which co-occur with spelaeogriphaceans in most

localities, including Ricardo Franco, but not Curupira cave.

Ricardo Franco Cave is historically important because it was

the first Brazilian cave mentioned in a written document, a

poem by Dom Aquino Corrêa, from the late 17009s (Martin

1980) –– Harta figueira à porta. Entrada bruta./ Desço. Horrido

hypogeum! Antro sombrio!/ Mas, de repente, um mágico arrepio,/

À luz das tochas. Tı́mida, a alma escruta.../.... In 2000, that big

fig tree was still at the cave entrance. As far as we know, this

cave was not studied by biologists before their visit.

The studies above were carried out basically by researchers

from the Universidade de São Paulo - USP, since there was no

autochthonous academic speleobiology in Mato Grosso do Sul.

In 2008, L. M. Cordeiro finished her M.Sc. dissertation,

presented at the Universidade Federal do Mato Grosso do Sul -

UFMS, which significantly enlarged the faunistic knowledge on

the Bodoquena subterranean communities, in terms of new

records for previously studied caves and new caves visited,

including several in the northern plateau, reaching higher

altitudes. She also performed the first detailed ecological study

on cave terrestrial invertebrate communities in the area. As the

result of a joint effort with Rodrigo Borghezan, student at the

UNIDERP (MS), two additional new troglobitic fishes were

found by these pioneers works on speleobiology in Mato

Grosso do Sul, the heptapterid Rhamdia Bleecker 1858,

(description is in progress) and the second troglobitic

Ancistrus Kner 1845, known for the area. These species have

been first studied by R. Borghezan for his undergraduate

monograph (Borghezan 2008) and, later on, for his M.Sc.

dissertation at the Universidade de São Paulo (Borghezan

2012).

We present here a synthesis of the faunal knowledge on the

subterranean ecosystems in two karst areas of Mato Grosso do

Sul, the intensively studied Serra da Bodoquena and the less

known Forte Coimbra, based on published and unpublished

data from the last two decades, as well as studies in progress,

discussing the main threats for this highly relevant fauna.

Study site

The Serra da Bodoquena is one of the most extensive

continuous Brazilian karst areas, located in the Mato Grosso

do Sul state, in central-western Brazil. It consists of a north-

south plateau extending for approximately 200 km, which

forms an important water divide with an altitude around 800 m

(Figure 1). It is unique in the context of the Brazilian Platform,

because tectonic activities have been recognized in the area in

the context of the Paraguay Belt and related to the development

of the Cenozoic Pantanal Basin, which is still subsiding (Sallun-

Filho & Karmann 2009, Campanha et al. 2011). Rains are

concentrated in November to February, with a mean average
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Figure 1. Map of the Serra da Bodoquena karst area, showing the localization of the studied caves (Modified from Bizzi et al. 2001). / Figura 1:
Mapa da área cárstica da Serra da Bodoquena com a localização das cavernas estudadas (Modificado de Bizzi et al. 2001).
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precipitation of about 1,300 mm per year and a mean annual

temperature of 246C. The natural vegetation consists of

savanna in contact with semi-deciduous seasonal forest

(Boggiani & Clemente 1999, Scremin-Dias et al. 1999).

At the eastern highland (greater than 500 m a.s.l.) the

Bodoquena Plateau is divided into two main compartments,

well defined by geomorphological contrasting features: the

southern sector (Perdido River area), which has mainly karst

landforms; and the northern part (Salobra River area), which

has more fluvial characteristics. In the western lowlands (less

than 500 a.s.l.), the Miranda river Depression forms exposed

karst systems and part of a separate system of subjacent karst

(Sallun-Filho & Karmann 2007). Geological evidence indicates

that the karst aquifer is recharged mainly by autogenic waters,

promoting the intense deposition of carbonates (as tufa

deposits) as a consequence of resurgence of saturated waters

(Sallun-Filho et al. 2004).

Most caves included in the present study are within the

limits of the Parque Nacional da Serra da Bodoquena (PNSB),

with 76.481 ha., created in 2000. Four rural settlements have

been established in the surroundings of the PNSB at least 20

years ago, where several relevant caves harboring endemic

troglobites are located. The livestock is currently the main

economic activity in the region, although the tourism, including

speleotourism, has an increasing economic importance, espe-

cially in Bonito, Bodoquena and Jardim counties.

Methods

Part of the data herein gathered were compiled from the

literature, including publications such as the faunistic inven-

tories (Gnaspini & Trajano 1994, Pinto da Rocha 1995, Pinto-

da-Rocha & Sossegolo 2001, Galati et al. 2003, Costa-Jr. 2004,

Eriksson & Gonçalves 2010) and taxonomy-oriented works

(Trajano et al. 2000, Andrade et al. 2001, Mahnert 2001,

Labruna & Venzal 2009, Pires-Vanin 2012), in addition to

unpublished dissertations (Moracchioli 2002, Cordeiro 2008)

and grey literature (Godoy 1986, Gnaspini et al. 1994). Original

data came from collections by several speleobiologists in

different occasions, including field courses, and more detailed

identifications of material cited in the literature. For the sake of

simplicity, we did not distinguish the source of data in the

tables. Details on geographic coordinates of the caves listed in

present work can be accessed at CNC/SBE link (Cadastro

Nacional de Cavernas / Sociedade Brasileira de Espeleologia -

www.cavernas.org.br/cnc).

In general, terrestrial organisms were collected by hand

during visual inspections of all accessible substrates, using small

brushes and tweezers. Pitfall-traps were used in some caves

(Dente de Cão, Mateus, Córrego Azul I, Córrego Azul III, Sr.

Natal, Fadas, Pitangueiras). Aquatic animals were collected

with hand nets, bottles and baited minnow traps, from outside

the water and during free and scuba diving. Surbers 30 x 30 cm

were used for sampling benthonic organism in the Urubu Rei

Cave.

Specimens were preserved in the proper solutions and

brought to the laboratory for identification. Fishes were killed

by over-anesthesia using benzocaine, fixed in formalin 4%, and

preserved in alcohol 70%. Some samples were fixed in alcohol

100% for future molecular studies.

We did not use parataxonomy. Morphoespecies, when

cited, have been identified by specialists on the taxonomy of the

respective groups. Otherwise, the identifications are provided at

the lowest level (usually supraespecific) reliable by non-

specialists. Therefore, the number of species is probably much

higher than shown in the tables.

The collecting efforts were highly heterogeneous. Most

caves were sampled on a few occasions, generally during the dry

seasons and on different years. A few caves were studied on

several, consecutive occasions, both during dry and rainy

seasons, such as the Córrego Azul I, Córrego Azul III, Fadas

and Sr. Natal caves (4-5 occasions on 2006-2007; Cordeiro

2008); sampling with surber were carried out on eight occasions

in the Urubu Rei Cave (2010-2012; L. M. Cordeiro, in

progress). Therefore, differences in the number of taxa recorded

in the tables do not necessarily reflect differences in biodiversity

among caves.

The species/populations were classified according the

Schiner-Racovitza system, following definitions in Trajano

(2012): 1. troglobites correspond to exclusively subterranean

source populations (a source populations has excess production

and continues to grow if isolated); sink populations (a sink

population, if cut off from all other migrants, eventually

becomes extinct) may be found in surface habitats; 2.

troglophiles include source populations both in hypogean and

epigean habitats, with individuals regularly commuting

between these habitats, promoting the introgression of genes

selected under epigean regimes into subterranean populations

(and vice-versa); 3. trogloxenes are instances of source popula-

tions in epigean habitats, but using subterranean resources.

Results

The taxa so far recorded for 84 caves visited in the Serra da

Bodoquena karst area are presented in tables 1 and 2

(troglobites, found in 43 out of those caves) and in tables 3

to 9 (the remaining taxa); in addition, tables 1, 2 and 8

(Psychodidae dipterans) include caves in the poorly known

Corumbá karst area, respectively Ricardo Franco and Forte

Junqueira caves, situated ca. 200 km to the northwest of

Bodoquena, at the border with Bolivia. The geographic

location of studied caves is shown in Figure 1, except for 16

caves, for which there are no coordinates.

The diversity of some taxa, especially mites and ants, is not

accurately represented due to taxonomic impediment: only the

few identifications below the Order (for Acari) or Family (for

the widespread formicids) levels were included in the tables.

As expected, the highest diversities were observed in the

most intensively studied caves, in different occasions and

seasons, and using different, complementary methods: Córrego

Azul I e III, Fadas, Pitangueiras, João Arruda, Nossa Senhora

Aparecida, São Miguel e Lago Azul.

Discussion

1 Distribution patterns and diversity

The subterranean fauna from the Bodoquena karst area has

a unique taxonomic composition, combining typically sub-

tropical (e.g., oniscodesmid diplopods) and tropical (e.g.,

Amblypygids, Eusarcus opilionids, isopterans, Bogidiellid

amphipods), with (so far) exclusive elements (e.g., troglophilic

and troglobitic onychophorans), including phylogenetic relicts,

such as spelaeogriphaceans and Megagidiella amphipods.

Geographic relicts include Trichomycterus catfish, not found
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CalifórniaII

Sist:OuroVerde

Curvadinha

Fendão

Sr:Valdemar

PaiAdãoIII

Sr:Natal

MinadoSeuJesus

DentedeCão

Explorada

TocadaTrilha

F:daBodoquena

Bacurı́
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Table 6. Non-troglobitc invertebrates, except Psychodidae dipterans, recorded in caves of the Formoso, Prata and Perdido river basins and
intermediate areas of the Serra da Bodoquena karst area, Mato Grosso do Sul state. * Identified as Blechroscelis in Pinto-da-Rocha (1995); ** at
least three species recognized by specialists. / Tabela 6. Invertebrados não troglóbios registrados em cavernas das bacias dos rios Formoso, Prata e
Perdido e áreas intermediárias do carste da Serra da Bodoquena, estado de Mato Grosso do Sul. * Identificado como Blechroscelis em Pinto-da-
Rocha (1995); ** pelo menos três espécies reconhecidas pelos especialistas.

TAXA Caves

Formoso River

N
:

S
ra
:

A
p

a
re

ci
d

a

S
ã

o
M

ig
u

el

Ja
ra

g
u

á

G
u

a
v

ir
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l

L
a

g
o

A
zu

l

B
a

rr
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to
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n
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u
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P
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a

l

M
o

rr
o

d
o

M
a

te
u

s

N
:

R
io

F
o

rm
o

so

Annelida Oligochaeta X

Mollusca Gastropoda X

Pulmonata

Stylommatophora

Subulinidae X

Camaenidae Solaropsis sp. X

Megalobulimus cf. oblongus X X

Chelicerata Arachnida

Acari X X X X

Argasidae Carios fonsecai X

Ornithodoros talaje X X

Ornithodoros sp. X

Oribatida X

Araneae

Amaurobiidae Metaltella sp. X

Araneidae X X

Alpaida alto X

Ctenidae Ctenus aff. griseolus X

Ctenus sp. X X X X X X

Isoctenus sp. X X

Nothroctenus sp. X

Phoneutria nigriventer X

Lycosidae X

Mysmenidae Mysmena sp. X

Oonopidae Oonops sp. X

Orchestina sp. X

Pholcidae X X

Mesabolivar sp.4 X

Mesabolivar sp.5 X

Mesobolivar sp.6* X X

Scytodidae X

Scytodes globula X

Sicariidae X X X X

Loxosceles sp.2 X

Loxoceles gaucho X X

Loxoceles grupo gaucho X

Loxoceles similis X X

Theridiidae X

Achaearanea sp. X

Theridiosomatidae Plato sp. X X

Titanoecidae X

Opiliones

Gonyleptidae Eusarcus spp.** X

Parabalta sp. X X

Cosmetidae X

Continued on next page
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Table 6. Continued.

TAXA Caves

Formoso River

N
:

S
ra
:
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P
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l

M
o

rr
o
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M
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s

N
:

R
io

F
o

rm
o

so

Pseudoscorpiones

Chernetidae Spelaeochernes dubius X X

Spelaeochernes eleonorae X X X

Spelaeochernes sp. X

Amblypygi

Prhynidae Heterophrynus vesanicus X

Crustacea

Isopoda X

Armadillidae Venezillo sp. X X

Diplopoda

Spirostreptida

Pseudonannolenidae X X X

Spirostreptidae X X

Orthoporus sp. X X X

Polydesmida

Chelodesmidae Arthrosolaenomeris sp. X

Oniscodesmidae X X X X

Crypturodesmus sp. X X

Cryptodesmidae Cryptodesmus sp. X

Hexapoda

Collembola X

Arrhopalitidae Arrhopalites sp. X

Entomobryidae X

Paronellidae X X

Coleoptera

Carabidae Galerita collaris X

Dytiscidae X

Cholevidae Dissochaetus murray X X

Scarabaeidae Megasoma sp. X

Staphylinidae X

Diptera

Cecidomyiidae X

Chironomidae X

Culicidae Subf. Culicinae X X

Drosophilidae Drosophila eleonorae X

Drosophila sp. X

Muscidae X X

Mycetophilidae X X

Keroplatidae X

Phoridae X

Conicera sp.3 X

Megaselia sp.3 X

Sphaeroceridae X

Tipulidae X X

Orthoptera

Phalangopsidae X X X

Endecous sp. X X

Hemiptera

Continued on next page
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in epigean water courses until now. Widespread taxa with

troglobitic representatives in other karst areas include gastro-

pods, and the several families of Collembola, a very ubiquitous

group in caves worldwide. On the other hand, the low diversity

of carabid beetles and oniscidean isopods, taxa usually

abundant and diversified in most Brazilian caves, is unexpected.

When compared to other karst areas in Brazil, the

Bodoquena distinguishes as a spot of high diversity of

troglobites, together with the Alto Ribeira, in São Paulo state,

and Serra do Ramalho, São Desidério and Chapada

Diamantina, in Bahia state.

Among aquatic troglobites (also referred as stygobites),

those occurring in the phreatic zone, such as spelaeogripha-

ceans, amphipods, planarians and Trichomycterus catfish, have

a wide distribution across the sectors defined by the micro-

basins, indicating a connection across the aquifer, at least in the

past. On the other hand, aquatic species living in base-level

streams (for a habitat definition, see Trajano, 2001), such as

Rhamdia n. sp. and Ancistrus n. sp. from Fadas system, and a

new gastropod species, which may be the second reported to

genus Spiripockia, present a locally restricted distribution. As

well, terrestrial troglobites generally occur in caves in the same

microbasin, probably due to fragmentation of the vadose

(aerated) zone.

A higher degree of fragmentation may explain the higher

diversity of terrestrial troglobites in the north plateau. Sallun-

Filho & Karmann (2007) defined the Salobra River area as a

canyons and alluvial plains (CAP). In fact, the Salobra base

level already reached the impermeable substrates by the fluvial

incision at times cutting down to the noncarbonated rocks

(Sallun-Filho & Karmann 2007). This would explain the

occurrence of different species of taxa as ctenid spiders,

onychophorans and Eusarcus opilionids separated by the river

valley (mostly a canyon).

As expected, many typically tropical taxa are more frequent

in the north plateau, e.g., onychophorans, amblypygids,

Eusarcus opilionids (also highly diversified in caves from

Goiás and Bahia states –– M.E. Bichuette, pers. comm., 2012).

Troglophilic taxa widespread in Brazilian caves include

Loxosceles, Plato, Mesabolivar and ctenid spiders, Endecous

crickets, Conicera and Megaselia phorids.

The Serra da Bodoquena may be the southern limit of the

distribution area of Heterophynus vesanicus, typical Cerrado

species (A. Giuponni, pers. comm.). Females with eggs were

observed in several caves during the dry season, which seems to

correspond to the reproductive peak for the species in the

Bodoquena area (Cordeiro 2008); caves are probably an

important refuge for this troglophilic species during this period.

Table 6. Continued.

TAXA Caves

Formoso River

N
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ã

o
M

ig
u

el

Ja
ra

g
u

á
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N
:

R
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Cicadellidae X

Derbidae X

Heteroptera

Gerridae X

Veliidae X

Belostomatidae X

Coreidae X

Reduviidae X X

Emesinae X

Hymenoptera

Braconidae X

Ichneumonidae X

Solenopsis grupo geminata X X

Vespidae X X X

Polybia ignobilis X

Isoptera X X X

Nasutiterminae Nasutitermes sp. X

Lepidoptera

Tineidae X X X X X

Noctuoidea X X X

Noctuidae X X X

Psocoptera X X X

Psyllipsocidae X
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Serrasul

AltoSalobra

Eldorado

G
eo

p
h

il
o

m
o

rp
h

a
X

D
ip

lo
p

o
d

a
X

X

S
p

ir
o

st
re

p
ti

d
a

P
se

u
d

o
n

a
n

n
o

le
n

id
a

e
X

X
X

X
X

X
X

P
se

u
d

o
n

a
n

n
o

le
n

id
a

e
g

en
.1

sp
.1

X

P
se

u
d

o
n

a
n

n
o

le
n

id
a

e
g

en
.2

sp
.1

X

P
se

u
d

o
n

a
n

n
o

le
n

e
sp

.
X

S
p

ir
o

st
re

p
ti

d
a

e
X

X
X

X
X

X
X

O
rt

h
o

p
o

ru
s

sp
.

X
X

X
X

X
X

P
o

ly
d

es
m

id
a

X
X

C
h

el
o

d
es

m
id

a
e

A
rt

h
ro

so
la

en
o

m
er

is
sp

.
X

X

L
ep

to
d

es
m

u
s

sp
.

X

S
tr

o
n

g
y

lo
m

o
rp

h
a

sp
.

X

P
a

ra
d

o
x

o
so

m
a

ti
d

a
e

C
a

n
th

a
ro

so
m

a
sp

.
X

M
es

to
so

m
a

sp
.

X

F
u

h
rm

a
n

n
o

d
es

m
id

a
e

X

O
n

is
co

d
es

m
id

a
e

X
X

C
ry

p
tu

ro
d

es
m

u
s

sp
.

X
X

X
X

X
X

X

C
ry

p
to

d
es

m
id

a
e

C
ry

p
to

d
es

m
u

s
sp

.
X

H
ex

a
p

o
d

a

C
o

ll
em

b
o

la

E
n

to
m

o
b

ry
id

a
e

X
X

X

P
a

ro
n

el
li

d
a

e
X

X
X

X
X

X

A
rc

h
a

eo
g

n
a

th
a

X

M
ei

n
er

te
ll

id
a

e
X

B
la

tt
a

ri
a

X
X

B
la

b
er

id
a

e
X

X

E
p

il
a

m
p

ra
cf

.
y
er

si
n

ia
n

a
X

B
la

tt
el

li
d

a
e

N
y

ct
ib

o
ra

sp
.

X

C
o

le
o

p
te

ra

C
a

ra
b

id
a

e
X

cf
.

P
a

ra
ta

ch
y

s
sp

.
X

C
o

n
ti

n
u

ed
o

n
n

ex
t

p
a

g
e

20 Biota Neotrop

Cordeiro L.M. et al.

http://www.scielo.br/bn http://dx.doi.org/10.1590/1676-06032014011414

., 14(3): e201400114, 2014



T
a

b
le

7
.

C
o

n
ti

n
u

ed
.

T
A

X
A

C
a

ve
s

In
te

rm
ed

ia
te

P
ra

ta
R

iv
er

P
er

d
.

R
.

In
d

et
er

m
in

a
te

Pitangueiras

Mimoso

Ametista

JoãoArruda

Serradinho

B:dasAbelhas

ValedoPrataI

ValedoPrataII

DonaMatilde

X�Coqueiro

Poço

SantaMaria

Curê
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The largest dry cave in Serra da Bodoquena, Dente de Cão,

with more than 2 km of mapped passage ways, harbors a rich

troglomorphic fauna, including a new onychophoran species

and arthropods such as Ctenidae spiders and Eusarcus

(Gonyleptidae) opilionids, which, together with troglophilic

populations, compose a unique terrestrial cave community. In

Toca da Trilha cave, troglobitic velvet-worms are in syntopy

with non-troglomorphic peripatids belonging to another new

species, which occur at the cave entrance and the twilight zone

of several caves; in one occasion, individuals of both species

were observed at the same deposit of organic detritus in the

twilight zone of Toca da Trilha.

2 Phylogenetically and biogeographically relevant taxa:

Spelaeogriphacea, Megagidiella, Onychophora

The onychophorans found in caves on the Serra da

Bodoquena represent a considerable extension of the distribu-

tion area for the Phyllum, and the first record of a troglobitic

species for South America. There are only two other described

troglobitic species of velvet worms, Peripatopsis alba Lawrence

1931, from Wynberg Cave, in the Table Mountains, South

Africa, and Speleoperipatus spelaeus Peck 1975, from Pedro

Great Cave, in Jamaica. Nothing was published after the

original descriptions and there is no news about this material.

The non-troglomorphic Epiperipatus sp. 1 (Table 3) may be

troglophile since it was observed both in epigean and in aphotic

habitats. It is relevant that, so far, these are the only cases of

subterranean (cavernicoles sensu latu, herein defined as evolu-

tionary units responding to subterranean selective regimens -

Trajano 2012) onychophorans recorded for Brazil.

The distribution of Megagidiella azul Koenemann &

Holsinger, 1999 and P. brasiliensis was extended to the

northern plateau, encompassing now all the Bodoquena karst.

In general, these species are syntopic, together with the

troglomorphic planarians and oligochaetes, suggesting a

responding to the same vicariant events by these invertebrates.

On the other hand, in general spelaeogriphaceans are absent

from caves with Trichomycterus catfish, except for Saracura (in

the left margin of the Salobra river) and Abelhas (in the Prata

River) caves, were the two co-occur. These patterns deserve

further studies and we hypothesize that the predator effect on

prey may maintain very low densities of P. brasiliensis when

Trichomycterus are present.

The Megagidiella species from Ricardo Franco Cave has to

be confirmed. On the other hand, the spelaeogriphaceans from

this cave, and also from Curupira, in Mato Grosso, more than

700 km far from the type-locality (Lago Azul Cave) are

morphological indistinguishable, all included in the nominal

species Potiicoara brasiliensis (Pires-Vanin 2012). A deep

phreatic connection, not demonstrated till now, could explain

this exceptionally wide distribution (Pires-Vanin 2012). Other

explanation is a former superficial connection, interrupted by

the subsidence of the Pantanal basin, associated with a long

period of evolutionary stasis, not unexpected for animals living

in an exceptionally stable environment. A third hypothesis is

dispersion via the hyporheic zone along the Paraguay riverbed.

3 Ecological notes

A marked characteristic of the Cerrado domain is an

accentuated variation in the relative humidity of air between

the rainy and dry seasons. Values as extreme as 4% of relative

humidity in the dry winter to 80-90 % in the rainy summer were

recorded outside the entrances of the caves studied by Cordeiro

(2008). Several invertebrates concentrate at the entrance and

twilight zones during the winter, as is the case with noctuid

moths, neuropterans and epigean onychophorans. An increase

in faunal richness and abundance was observed in the

intensively studied Córrego Azul I and Córrego III caves

Table 9. Bats recorded in caves of the Serra da Bodoquena karst area, Mato Grosso do Sul state. S.L. –– Salobra River left margin; S.R. –– Salobra
River right margin; I. –– Intermediate; F. –– Formoso River. / Tabela 9. Morcegos registrados em cavernas da área cárstica da Serra da Bodoquena,
estado do Mato Grosso do Sul. S.L. –– Rio Salobra margem esquerda; S.R. –– Rio Salobra margem direita; I. –– intermediário; F. –– Rio Formoso.
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Mammalia Chiroptera

Emballonuridae Peropterix macrotis X X

Phyllostomidae Chrotopterus auritus X X X X

Desmodus rotundus X X X X X X

Anoura geoffroyi X

Anoura caudifer X

Glossophaga soricina X X X X X

Carolia perspicillata X X X X

Plathyrrinus lineatus X X

Phyllostomus hastatus X X

Natalidae Natalus espiritosantensis X X X
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during the dry season, when a migration towards the twilight

zone, up to 20 m far from the entrance, was recorded (Cordeiro

2008). This illustrates the importance of caves as refuges for the

epigean fauna during the stressful dry and cold seasons.

Exceptionally high population densities for guanophile

invertebrates have been recorded at guano deposits, such as

Megagidiella amphipods reaching densities of hundreds to

thousands individuals per m2 on submerged guano of

hematophagous bats in Ricardo Franco Cave (Moracchioli

2002). Oniscodesmid diplopods were also observed in high

densities on vampire bat guano in dry caves of the south

plateau. However, it is important noting that the large

populations of vampire bats in these areas are a response to

the increased availability of prey represented by domestic

animals, especially cattle, and do not correspond to the original

condition. In undisturbed areas, such as Amazonian forests, the

population densities of hematophagous bats are low.

Consequently, even in caves with huge amounts of insectivor-

ous bat guano, such as those in the Altamira-Itaituba sandstone

area, hematophagous guano deposits are small and sparse

(Trajano & Moreira 1990). In natural conditions, population

booms of guanophilous invertebrates associated to vampire

bats would be a rare occurrence, associated to maternity

colonies.

Potiicoara brasiliensis also forms very large populations

and, in view of its extremely wide distribution, these

crustaceans may be among the most abundant aquatic

troglobites in the world (copepods excluded), if this is indeed

a single species. Although not reaching the exceptional densities

shown by Megagidiella sp. in Ricardo Franco cave, P.

brasiliensis may be quite abundant in caves such as Lago

Azul –– maximum densities of ca. 30 individuals per 400 cm2

were recorded by Moracchioli (2002), and similar densities were

observed by R.B. and L.M.C. in Cinco de Ouros and Buraco do

Bicho caves. It is noteworthy that, although much more

common in the typically lentic environment of submerged

caves, P. brasiliensis has also been found in the base-level

stream of Fadas cave, on the bottom of a reach with moderate

water current, as also observed in the Buraco das Abelhas.

4 Conservation: Main threats to the subterranean

biodiversity in the Mato Grosso do Sul karst areas

Subterranean ecosystems pose special problems for con-

servation due to their intrinsic fragility and the distinctive

features of subterranean communities, including a high degree

of endemism and morphological, ecological and behavioral

specializations of troglobites (Bichuette & Trajano 2010).

Subterranean ecosystems in Mato Grosso do Sul, especially in

the Serra da Bodoquena karst area, highly relevant in view of

its biodiversity, distinguishing as a high diversity spot for

troglobites, both vertebrates and invertebrates, are seriously

endangered by the inappropriate use of karst landscapes.

Habitat destruction is the main threat to natural environ-

ments throughout the globe, and subterranean habitats are not

exception. Irreversible habitat loss due to quarrying for cement

production is the cause for subterranean biodiversity decline in

karst areas, along with building of dams and reservoirs for

hydro-electric power plants and water storage for human use

(Bichuette & Trajano 2010). In the Serra da Bodoquena karst

area, several mining companies are prospecting or requiring

licenses for mineral prospection throughout the region, mainly

for carbonates and ore (BRASIL 2013). Limestone have been

extensively exploited in the Serra da Bodoquena since the

19809s, including the vicinity of the Parque Nacional da Serra

da Bodoquena, without any public environmental studies (it is

relevant that caves became fully protected in 1990, by Federal

Decree 99.556, which made such studies mandatory for any

area with speleological potential; its substitutive, Decree 6640/

2008, kept such requirement). In the absence of previous

studies, and because the areas where mining is in progress is

interdict for speleologists, no information is available for such

caves, therefore it is unknown how much diversity has been so

far lost due to such activities in Bodoquena and Bonito County.

In these cases, the lack of control and law enforcement by the

authorities is an important factor responsible for subterranean

diversity degradation. A similar situation concerning mining is

observed in the Corumbá karst area, but the lack of knowledge

(see below) does not allow for evaluation of the real or potential

threats for subterranean ecosystems.

Land use in Serra da Bodoquena and Bonito area has

intensified since the early 19809s as relatively small rural

settlements and, a decade later, as larger farms in the higher

terrains for semi-intensive livestock farming; in the last decade,

soybean monoculture has been replacing cattle in the lower

terrains, around Bonito Co., with even more catastrophic

consequences.

Karst areas are characterized by efficient flow of ground-

water through conduit systems originated by the properties of

soluble rocks. Therefore, the water usually drains rapidly into

the subsurface at recharge zones, through a network of

fractures and cave conduits. This groundwater emerges at the

surface in discharge zones through springs and wells (Sallum-

Filho & Karmann 2012). Removal of the surface vegetation is

another global environmental threat, even more in the fragile

karst landscapes, due to the predominance of groundwater

drainages. This causes decrease in the nutrient input, negatively

affecting the subterranean, and changes in hydrological regimes

(Bichuette & Trajano 2010).

Intensification of sedimentation, caused by human inter-

ference, mainly deforestation and livestock, were recorded

during our fieldwork in caves of high hydrological and/or

biological relevance, mainly in the Rio Salobra headwaters,

where three undescribed troglobitic catfish occur. In Fadas

Cave, Campina settlement, where the cave catfish Rhamdia and

Ancistrus populations, endemic to this cave system, have been

monitored since 2006, a large deposit of sediment (1.5 m height)

was formed after the deforestation of one important sinkhole

area located about 300 m upstream this cave. In Califórnia and

Beija-Flor caves (systems where Trichomycterus cf. dali occurs),

located in a farm where livestock is expanding, the formation of

erosional craters was identified at many upstream points. These

caves are major sinkholes and their streams are in advanced

stages of sedimentation (Cordeiro et al. 2012)

Pumping of subterranean waters for human and livestock

use, another cause for disturbance of subterranean ecosystems

due to lowering of water table (Proudlove 2011, Bichuette &

Trajano 2010), is common in the Bodoquena and Bonito region

as artesian and non-artesian wells; so far, no visible impact has

been detected, but this potential threat must be monitored.

Introduced species, recognized as a major danger for natural

environments around the world, may also become a problem in

some areas in the Bodoquena region, where water reservoirs

(‘‘açudes’’) for cattle use have been build upstream subterranean

systems. During rains, fish introduced in these ‘‘açudes’’ enter
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caves, such as traı́ras (Erythrinid characiforms) and cichlids,

which are predators of cavefish and other troglobitic organisms.

Alien species are harmful for aquatic indigenous and

endemic fauna in fresh waters and can have a deep and

pervasive effect on ecosystems that they invade (Strayer 2010).

The record of Melanoides tuberculatus in Mimoso Cave, where

phreatic troglobites as P. brasiliensis, M. azul and Girardia sp.

also occur, is the first record of an invasive species in Brazilian

groundwaters. M. tuberculatus is originally from African

continent and have been responsible for total substitution of

benthonic communities in surface fresh waters in North and

South America (Fernandez et al. 2003, Thiengo et al. 1998).

The occurrence of this alien gastropod in Mimoso Cave is

recorded ten years after studies on speleogriphaceans made by

Morachiolli (2002) in the same site, proving that it is a very

recent invasion in this environment. The monitoring and

research on population control of M. turberculatus is quite

urgent for conservation of the endemic phreatic fauna and to

understand its potential to damage the groundwater ecosystem.

Pollution of subterranean drainages, another important

threat for subterranean ecosystems throughout the world

(Proudlove 2001, Bichuette & Trajano 2010), is also concern

in the Serra da Bodoquena region. Use of dolines for garbage

dumping has been observed in several settlements, such as the

Campina. Pollution by detergents, largely used in settlements,

may have a deleterious impact on subterranean fish due to

interference on their natural behavior (Trajano 1997). Nitrogen

derivates, bacteria such as fecal coliforms and chemical residues

of drugs used in livestock accumulate in the subsurface. Due to

the hydrological characteristics of the karst, pollutants spread

fast and widely in groundwaters. In the Bonito County

surroundings, the substitution of livestock by soybean mono-

cultures have a great potential to deteriorate even more the

quality of underground waters due to the use of large amounts

of pesticides, which may contaminate springs and wells, calling

for attention and serious actions by the authorities.

Tourism is a major economic activity in the region,

especially in Bonito, where caves receive thousands of tourists

every year. Therefore, the demand for caves with potential

tourist use is increasing and visitation to caves not open to

tourism is a recurrent problem. Negative consequences of

visitation are: topoclimatic changes, introduction of alien

species, including pathogens, and materials (such as metal,

cement and treated wood), pollution by items left in caves, soil

compacting and trampling of cavernicoles, destruction of

specific microhabitats and direct disturbance of fauna (lights,

loud noises, handling of specimens) (Trajano 2000). Dente de

Cão and Urubu Rei are examples of diversified ecosystems

endangered by uncontrolled human visitation.

For a discussion on environmental problems affecting

subterranean habitats in Mato Grosso do Sul, see also

Cordeiro et al. (2013).

In conclusion, Serra da Bodoquena, the largest and by far

the best known karst area in Mato Grosso do Sul, is

undoubtedly a priority area for conservation in Brazil,

requiring urgent actions for effective protection of its sub-

terranean ecosystems, many of which are endangered. The Park

area must be increased, and its limits expanded in order to

encompass the headwaters and recharge areas of the main

subterranean systems, and, in the occupied areas, other

categories of conservation units should be created to guarantee

a sustainable use of the land. More attention should be paid to

the settlements by the authorities, providing education, health

and sanitary conditions adequate to the karst terrain. In

addition to environment studies to fulfill the legal requirements

in areas of economic interest, and a serious effort by the

authorities to enforce such regulations and properly control

cave visitation, a responsible attitude by the media is

fundamental, in order to broadcast correct information, not

distorted by sensationalism, always with the objective of

preserving the subterranean biodiversity of Mato Grosso do

Sul.

Final considerations

1 Perspectives for speleobiology in Mato Grosso do Sul

The major bottleneck for the progress of the speleobiology

in Mato Grosso do Sul, as generally in Brazil, is taxonomic

impediment. Therefore, the investment on the formation of

taxonomists is of paramount importance.

The faunistic data reunited here allows for a first approach

on the taxonomic diversity at the alfa (local) level, in a spatial

scale. As a next step to describe the structure and functioning of

subterranean ecosystems in the Bodoquena area, long term

studies in selected caves are needed in order to detect temporal

patterns. In addition, additional collections are needed for

taxonomic studies of many taxa. As well, the addition of new

caves, especially in the least known southern plateau, will allow

to verify the relationship between local and regional species

richness.

However, considering only the observed local diversity is

not enough because taking into account only the number of

species and their relative contribution have little predictive

power about the functioning of the communities. A very

promising research field is to compare functional and

phylogenetic diversity of different types of caves in relation to

epigean habitats geographically continuous. Widely distributed

nominal species (e.g., Potiicoara brasiliensis) or species groups

(Megagidiella, Trichomycterus) are excellent models for phylo-

geographic analyses associated to detailed morphological

studies.

Genera with both troglobitic and troglophilic populations,

such as ctenid spiders, Eusarcus opilionids and onychophorans,

offer good opportunities for comparative studies focusing on

genetics, biology, physiology and behavior. On the other hand,

the relictual character of several troglobites, specially the

aquatic ones, without living epigean relatives in the area, poses

difficulties for such studies.

Other cave areas in Mato Grosso do Sul are barely known.

Speleobiological studies are lacking in the Corumbá area and

the Serra do Amolar, northwestern MS, both with exposed

limestones and iron rocks in the vicinity, and in the sandstones

of Serra de Maracajú.

2 Main collections:

After study, the material collected in subterranean habitats

is send to official collections of institutions registered at the

CNPQ –– Conselho Nacional de Pesquisa and CGEN ––

Conselho de Gestão do Patrimônio Genético, mainly the

Museu de Zoologia da Universidade de São Paulo –– MZUSP,

the Museu Biológico do Instituto Butantã, the Museu Nacional

do Rio de Janeiro –– MNRJ and Coleção do Zoológica da

Universidade Federal do Mato Grosso do Sul - ZUFMS.
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During studies, the specimens are kept in the institutions of

the respective specialists; small reference collections are in the

authors’ institution for comparison and training.
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PINHO, G.M., FONSECA, R., FARIAS, I.P. An opportunity for testing multiple paternity in a wild

Jaguar (Panthera onca). dx.doi.org/10.1590/1676-06032014005514

Abstract: We performed a paternity test for three cubs from one wild female jaguar (Panthera onca). The

opportunity for this study was generated by an accident involving a vehicle collision with a pregnant

jaguar in the central Amazon. The cubs are polyzygotic triplets and were found to have been sired by the

same male. Here, we also provide an overview and discuss several aspects of jaguar reproduction.

Keywords: Felidae, Paternity test, Multiple paternity, Road kill, Amazon.

PINHO, G.M., FONSECA, R., FARIAS, I.P. Uma oportunidade para testar múltipla paternidade em

onça selvagem (Panthera onca). dx.doi.org/10.1590/1676-06032

014005514

Resumo: Nós realizamos um teste de paternidade em três filhotes de uma onça selvagem (Panthera onca).

A oportunidade para este estudo foi criada a partir de um acidente envolvendo a colisão entre um veı́culo

e uma onça grávida na Amazônia central. Os filhotes são trivitelinos e foram gerados por um mesmo

macho. Neste estudo nós também oferecemos uma revisão e discutimos aspectos da reprodução de onças.

Palavras-chave: Felidae, Teste de Paternidade, Multipla paternidade, Atropelamento, Amazônia.

Introduction

Felids frequently use roads and trails to move and to find

prey (Sunquist 1981), and both male and female jaguars

(Panthera onca) use this resource (Rabinowitz & Nottingham

1986). For researchers, this habit facilitates behavioral and diet

studies due to the large number of direct observations and fecal

samples found on roads (e.g., Rabinowitz & Nottingham 1986,

Garla et al. 2001). In spite of these advantages, accidental

mortality caused by vehicle collision is a serious threat to

carnivores with large home ranges (Costa et al. 2005). This work

is the result of a paternity test on a female jaguar pregnant with

three cubs, that was fatally injured in one such occurrence.

Primary knowledge about reproduction in felids is derived

from studies sampling a small number of individuals (e.g.

Sadleir 1966a, Soares et al. 2006, Carrillo 2009). These reports,

when accumulated, allow us to infer patterns and are

particularly important in regard to the jaguar, one of the most

difficult large cats to study (Harmsen et al. 2010). Research on

captive animals has provided useful evidence such as describing

the hormones responsible for oocyte maturation and gestation

(Brown 2011), and contributes to the success of assisted

reproduction in felines (Morato & Barnabe 2002, Swanson

2006, Paz et al. 2007). Jointly with the ex situ approach,

studies on wild individuals generate precious information for

estimating population growth rates and analyzing population

viability (Desbiez et al. 2012, Miller 2013).

The felid mating system is often classified as polygynous or

promiscuous, but there is a lack of studies on the relationships

between individuals (Macdonald et al. 2010). Regarding jaguars,

analyses based on the body mass percentage allocated in testes

suggest that females rarely breed with more than one male in one

estrus (see Azevedo et al. 2006 and Costa et al. 2006 for more

details). However, ecological approaches indicate polygamy,

where studies have reported females overlapping home ranges

with more than one adult male (Rabinowitz & Nottingham 1986,

Soares et al. 2006, Jedrzejewski et al. 2011, Palomares et al.

2012); and two to four males following one female (Hoogesteijn

and Mondolfi 1992, Almeida 1976; in Sunquist and Sunquist

2002). Also, males appear not to be territorial in their use of

space (Harmsen et al. 2010, Jedrzejewski et al. 2011), but are not

usually found to use an area at the same time (Rabinowitz &

Nottingham 1986). In conclusion, the possibility of multiple

paternity is still not clear; especially due to the lack of studies on

parentage in wild felids (Culver et al. 2010).

Considering the scarce information on the species’ repro-

duction, and the rare opportunities in accessing wild indivi-

duals, we analyzed the paternity of three jaguar cubs from one

litter in the central Amazon, Brazil. The female was hit by a

truck on the Tronco road, close to the Geólogo Pedro Moura

operation station (046 53’ 04.64"S; 656 18’ 34,61"W)—

municipality of Coari, Amazonas, Brazil. The truck was loaded

and at a velocity of 60 km/h. The impact killed the female
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instantaneously, and post-mortem examination revealed a

fracture in the left front foot, displacement of the scapula and

left ribs (with lung perforation), and damage to the braincase

and fracture of the jaw (which caused a cerebral perforation).

The female had a total body length of 163 cm, head and thorax

circumferences of 48 cm and 74 cm respectively, average canine

tooth length 3.2 cm, and average foot length of 6 cm (excluding

the claw). Moreover, the female was approximately 3.5 years

old, weighting 58.9 kg, and was at the beginning of the second

month of gestation—based on the data for the domestic cat

from Abreu et al. (2011)—of three cubs.

Material and methods

The skeleton and skin of the female are deposited in the

Paulo Bürnheim Zoology Collection, at the Federal University

of Amazonas (UFAM). Tissue samples are stored in Tissue

Collection at the Laboratory of Evolution and Animal Genetics

at UFAM (CTGA-M 5669; CTGA-M 5670; CTGA-M 5671;

CTGA-M 5672). Data were added to the Global Biodiversity

Information Facility (http://www.gbif.org/).

We collected tissue samples from the mother and her cubs,

and these were stored in absolute ethanol at -20 6C. DNA was

isolated using the QIAmp DNA extraction tissue kit (QIAGEN),

following the manufacturer’s protocol. We tested 20 microsa-

tellites markers described by Menotti-Raymond et al. (1999) and,

from the 12 markers that amplified well, nine were polymorphic

and therefore used for the paternity analysis: FCA026, FCA043,

FCA075, FCA077, FCA090, FCA193, FCA211, FCA229,

FCA678. The primers were labeled with a fluorescent dye using

the method described by Schuelke (2000). The polymerase chain

reaction conditions were: 93 6C for 2 min; 35 cycles of 93 6C for 5

s, 55 6C for 15 s and 68 6C for 1 min; 25 cycles of 93 6C for 5 s, 50

6C for 15 s and 68 6C for 1 min; followed by 68 6C for 30 min and

a final hold at 15 6C. Genotyping was performed on an ABI

3130xl sequencer (Applied Biosystems), using a mix of 1ml of the

PCR product, 8ml of formamide and 1ml of the ROX size

standard (DeWoody et al. 2004). Allele size was inferred in the

program GENEMAPPER v4.0 (Applied Biosystems). The

presence of multiple paternity was tested by manual counting

of allele number, inferring the father(s) genotype from the

comparison between the mother and the cubs genotypes

(Figure 1). We also analyzed the data with GERUD 2.0 (Jones

2005), to check for any mistakes in our manual analyses.

Results and discussion

As shown in the figure 1, there is no evidence for multiple

paternity in the litter—the number of father’s inferred alleles was

equal or smaller than two in all loci, probably representing one

individual. The analyses in GERUD 2.0 confirmed the results

from the mannual counting of alleles, estimating only one

probable sire for the three cubs and two possible genotypes for

the sire; these are the same genotypes as reported in Figure 1.

Therefore we conclude that the three cubs have the same parents.

Each cub had originated from a unique oocyte, having distinct

genotypes. Moreover, the mother and father shared just five

alleles across nine loci, suggesting they are non-relatives.

Our result was similar to previous research testing paternity

in wild jaguars: Soares et al. (2006) found two cubs from one

litter having the same father in Emas National Park (Central

Brazil). Based on these two results, it is possible to hypothesize

that males follow the females during the entire estrous period,

guaranteeing the birth of their cubs. Studies have reported males

close to females for at least two days during the mating event

(Harmsen 2006, in Harmsen et al. 2010; Sunquist and Sunquist

2002). However this behavior can change in respect to other

factors, such as population sex ratio and number of females on

estrus at the same time (reproductive seasonality). Natoli et al.

Figure 1. Genotypes of the mother and cubs for each microsatellite
locus and father’s inferred genotype.
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(2007) also argue that some features of female reproduction—

induced ovulation, long ovulation period and delayed ovulation

after copulation—can favor multiple copulations and, therefore,

generate a mixing of sperm from multiple males.

Generally, female cats mate many times, and several days are

necessary to stimulate ovulation (Kleiman & Eisenberg 1973,

Brown 2011). But, there is also a possibility of spontaneous

ovulation, and this can vary even among individuals of the same

species (Brown 2011). Wildt et al. (1979) found no evidence for

spontaneous ovulation in a jaguar—the vesicular follicles

gradually regressed during the second half of estrous when the

induction was absent. The jaguar estrous period is between 6 to

17 days, with a mean of 12-12.9 days (Sadleir, 1966; Wildt et al.,

1979), when the females remain receptive. Theoretically, jaguars

can breed the year round (Kleiman & Eisenberg 1973, Sunquist

& Sunquist 2002), but there is evidence of peak male-fecal

androgen concentrations and copulations occurring mainly in

the wet season in the Brazilian Southeast and Pantanal (Quigley

& Crawshaw 2002, Morato et al. 2004). Therefore, jaguars have

a fairly long estrous period, generally induced ovulation, and, if

they do have breeding seasons, males can try to attend to more

than one female in the same season, which would expose females

that already copulated to other males.

Population sex ration, as mentioned above, is another

factor that may induce the presence of multiple paternity, as

reported for other felid species. In African lions (Panthera leo),

groups with lower male-to-female ratio were significantly more

likely to have extra-group paternity, with an overall extra-

group paternity in 41% of the cubs (Lyke et al. 2013). Also,

from the 22 litters analyzed by Lyke et al. (2013), four presented

multiple paternity and, for each mixed litter, at least one extra-

group father was identified. Similarly, Natoli et al. (2007)

observed from one multi-male multi-female group (six repro-

ductive females and 14 reproductive males), a percentage of

multiple paternity as high as 78%; they concluded that being a

dominant male does not guarantee the total control of the

receptive females. To the best of our knowledge, cases of

multiple paternity were described only for social cats.

In jaguars, several studies found a major proportion of

males in populations (varying from 4:1 to 15:1), which could

enhance the proportion of multiple paternity in the litters due

to the increased competition for females. However, estimated

sex ratios in natural jaguar populations may be inaccurate for

reasons usually related to methodological sampling biases

induced by jaguar behavior, such as: males having bigger home

ranges, the higher overlap between male home ranges, and the

smaller rate of females captured (Harmsen et al. 2010).

Palomares et al. (2012) observed more males than females in

six study areas even after identifying individuals from fecal

samples, and they attributed this result to the increased use of

the sampled routes by males. Aware of these biases induced by

sex-specific behavior, Sollmann et al. (2011) used sex-specific

capture-recapture models and found a sex ratio of one male to

four females, a result that, according to the authors, should be

interpreted cautiously. To perform a population viability

analysis, studies have used a sex ratio of 1:1 (Desbiez et al.

2012, Miller 2013). Therefore the population sex ratio for jaguars

is difficult to estimate and there is no consensus among studies.

In addition to the paternity test, we observed a female jaguar

attracting males and becoming pregnant at approximately 60 Kg

(<3.5 years) in the central Amazon. This observation, added to

previous and future reports, is important due to the poor

knowledge regarding the age of sexual maturity in the jaguar

(Quigley & Crawshaw 2002). Here, we reinforce the conclusions

of Carrillo et al. (2009), who observed pregnancy while radio-

tracking a 60 kg female in Costa Rica, and from Wildt et al.

(1979), who registered the first behavioral estrus at 29.5 months

of age in a captive female. Also, Seymour (1989) and Sunquist

and Sunquist (2002) state, based on few studies, that females

become sexually mature at 2 years old and males at 3 years.

Moreover, we registered three cubs in one gestation, an

event that is not unheard of, but is relatively rare. The female

jaguar give birth to an average of two cubs per gestation, with

a gestation of approximately four months (Sadleir 1966). In

Belize, from 23 observations, 52% represented two cubs, 35%

one cub and only 13% were three cubs (Rabinowitz 1986).

Carrillo et al. (2009) reported the birth of one cub,

Scognamillo et al. (2003) and Soares et al. (2006) two cubs,

and Quigley and Crawshaw (2002) observed one female

having two cubs in one gestation and one cub in other. The

interval between births is 22-24 months, and in 18-24 months

the juveniles leave the mother (Quigley & Crawshaw 2002,

Carrillo et al. 2009).

In this study, we present an overview about several aspects

of jaguar reproduction and report for the first time, to our

knowledge, the pregnancy and paternity test of a wild

Amazonian jaguar. Also, this work is a result of an opportunity

generated by a fatality and equivalent opportunities should be

taken by scientists to gather more information about the

jaguar’s reproduction and behavior. The accumulation of small

reports can lead to increasingly accurate conclusions about this

poorly studied animal.
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diferentes idades gestacionais. Pesquisa Veterinária Brasileira. 31:57––
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Abstract: This study aimed to characterize the morphology of the vas deferens of Kinosteron scorpioides

by macroscopic and microscopic analysis. Were used 20 adult male jurarás collected at regular intervals

during the year and divided into four experimental groups in the rainy and dry seasons, being processed

for light microscopy, scanning electron microscopy and transmission electron microscopy. Morphometry

for tubular and luminal diameters and epithelial height were also performed. On rainy season, vas

deferens presented pseudostratified epithelium with cylindrical cells, spermatozoids and milky fluid in the

lumen, with cytoplasmic organelles and lipid vesicles. On dry season, epithelium was pseudostratified

with cuboid cells, with cellular debris and no spermatozoids. There was significant variation (p,0,05) for

morphometry of vas deferens, with lower values of tubular and luminal diameters on rainy season, and

higher epithelial height on dry season.

Keywords: Kinosternon, Reproduction, Vas deferens, Morphometry, Ultrastructural.
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L.P.F., OLIVEIRA, A.S., SOUSA, A.L. Variação morfológica sazonal dos ductos deferentes de tartaruga

jurará (Kinosternon scorpioides). http://dx.doi.org/10.1590/1676-

06032014006413

Resumo: Este estudo teve como objetivo caracterizar a morfologia dos ductos deferentes de Kinosteron

scorpioides por meio de análise macroscópica e microscópica. Foram utilizados 20 machos adultos,

coletados em intervalos regulares durante o ano, os quais foram divididos em quatro grupos

experimentais nas estações chuvosa e seca. Os ductos deferentes foram processados para análise por

microscopia de luz, microscopia eletrônica de varredura e microscopia eletrônica de transmissão.

Morfometria para diâmetros tubular e luminal e altura epitelial também foram realizadas. Na época das

chuvas, o ducto deferente apresentou epitélio pseudoestratificado com células cilı́ndricas,

espermatozoides e lı́quido leitoso no lúmen, além de com organelas citoplasmáticas e vesı́culas

lipı́dicas. Na estação seca, o epitélio do ducto deferente foi do tipo pseudoestratificado com células

cuboides e debris celulares, sendo que nenhum espermatozoide foi encontrado nesta estação. Houve

variação significativa (p ,0,05) para a morfometria dos ductos deferentes, com menores valores de

diâmetros tubular e luminal na estação chuvosa, e maior altura do epitélio na estação seca.

Palavras-chave: Kinosternon, Reprodução, Ducto deferente, Morfometria, Ultraestrutural.

Introduction

Brazil has 35 species of chelonians distributed in its various

terrestrial and aquatic ecosystems, of which 28 species are

freshwater, two are terrestrial (land turtles), and 5 are marine

turtles (SBH, 2005). The family Kinosternidae is composed of

semi-aquatic species of small to medium size, being distributed

from Canada to South America (Erns & Barbour 1989). It is

composed of 22 species subdivided in four genus: Kinosternon,

Sternotherus, Staurotypus and Claudius. In the Brazilian

Amazon it is possible to found only one species of this family,

Kinosternon scorpioides, also known as scorpion mud turtle

(Molina & Rocha 1996).

The scorpion mud turtle is preferably an aquatic species,

and inhabits both stagnant and flowing water, being also able

to develop semi-aquatic behavior (Pritchard & Trebbau 1984).

It displays a shell with three evident keels, especially the

median, which runs through the shell in the longitudinal
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direction (Vanzolini et al. 1980). It also has a strong jaw and a

structure similar to a nail at the end of the body, like a

scorpion’s stinger, which termed scientifically this species.

Kinosternon scorpioides is well distributed in the coast of

South America, including Colombia, the Guianas and

Trinidad. In Brazil it is found in the states of Pará,

Maranhão, north of Goias, Ceará, Rio Grande do Norte and

Pernambuco (Pritchard & Trebbau 1984). In Maranhao its

presence is confirmed on the edge of rivers (Pereira 2007), and it

is considered an important species, both economically and as a

source of protein.

The male reproductive system consists on a pair of oval

testes of variable size, between light yellow to golden yellow

color, and being fixed by mesorchium and mesocolon;

epididymis located along the dorsal part of medial surface of

each testis, being very delicate, presented as very convoluted

structures of whitish color; and the vas deferens, which are

continuous to the epididymis and culminate in the region of

the cloaca. The vas deferens in jurará are a pair of simple

structures, with a convoluted path that extends from the

epididymis (Viana 2013) to the cloaca, with the function of

transporting and storing spermatozoids. The penis, in turn, is

grooved, and composed by the root, body and gland, located in

the ventral floor of the cloaca, in which it attaches via a

retractor muscle, and is protected by the foreskin (Carvalho

et al. 2010).

To our knowledge, this is the first study aimed to

characterize the morphology of the vas deferens of Kinosteron

scorpioides by macroscopic and microscopic analysis, contri-

buting to describe the reproductive characteristics of this

species and elucidate the spermatogenic cycle, strategies of

sperm storage, and morphology of the reproductive tract.

Materials and methods

Were used 20 adult male Kinosternon scorpioides, from the

capture ex-situ in the city of São Bento, state of Maranhão,

Brazil, as authorized by IBAMA for the purpose of scientific

activities with number 26136-1, and approval of the Ethics and

Animal Research Committee of the Course of Veterinary

Medicine (EAEC/UEMA), protocol number 011/2010.

The research was developed in the Laboratory of Veterinary

Anatomy and Anatomopathology of the Course of Veterinary

Medicine in the Center for Agricultural Sciences of State

University of Maranhão - UEMA, Sao Luis - MA, and

Laboratories of Light and Electron Microscopy, of the School

of Veterinary Medicine and Animal Science of University of

Sao Paulo - USP.

The animals were collected at regular intervals during the

year and divided into four experimental groups in the rainy

and dry seasons, the rainy season being understood by the

collections of March/2011 and June/2011, and dry season being

December/2010 September/2011.

The twenty animals were anesthetized with xylazine 2%

(40mg/kg/IM) and ketamine hydrochloride 1% (60mg/kg/IM)

and euthanized by administration of thiopental sodium 2.5%

(60mg/kg/EV) by catheterization of the cervical venous sinus.

Subsequently, was held the opening of the coelomic cavity

with steel handsaw, for the disarticulation of the bone bridge

that connects the carapace and the plastron, and visualization

and removal of the reproductive tract and isolation of the vas

deferens, the processing being specific for each microscopy.

For light microscopy, the vas deferens were fixed in

buffered formaldehyde 4% for about 24 hours for paraffin

embedding. They were then dehydrated in increasing alcohol

concentrations (70 6 - 100 6) and diaphanized in xylol, with an

interval of switching between the solutions of 1 hour. After

dehydration, the fragments were embedded in paraffin,

sectioned at 4mm thickness, and stained with hematoxylin-

eosin (HE), Masson’s trichrome and periodic acid-Schiff - PAS,

and examined under an optical microscope.

For scanning electron microscopy (SEM), the fragments

were fixed in 2.5% glutaraldehyde, frozen for 72 hours and

thereafter cryofracturated in liquid nitrogen, washed in 0.1 M

phosphate buffer, post-fixed in osmium tetroxide 1% and

dehydrated in series of alcohols (50 6 – 100 6). The samples

were dried in a critical point apparatus Balzers CPD 020 using

liquid CO2 and mounted on metal aluminum basis (stub), using

carbon paste. Subsequently, were subjected to a metallic

coating ("sputting") with gold in sputter device EMITECH

K550, analyzed and photographed under a scanning electron

microscope LEO 435VP.

For transmission electron microscopy (TEM), the frag-

ments were fixed in 2.5% glutaraldehyde, washed in 0.1 M

phosphate buffer and post-fixed in osmium tetroxide 1%.

Subsequently, were dehydrated in series of increasing alcohols

(50 6 - 100 6), propylene oxide and resin. The resin mixture was

replaced by pure resin and placed in molds. The ultrathin

sections were collected on copper screens and contrasted with

uranyl acetate solution at 2% and 0.5% lead citrate. The

samples were analyzed in transmission electron microscopy

apparatus MORGANI 268d.

Images for morphometric studies were obtained using a

binocular microscope Olympus BH-41 equipped with a digital

camera for the photographic record. Histomorphometric

analyses were performed with the aid of the program GIMP

2 to obtain the average height of the epithelium and the luminal

and tubular diameters of the vas deferens, obtained with the use

of micrometric ocular adapted to the microscope. Were made

ten slides with three serial sections; the tubular sections have

been made around the tubules in the base of epithelium, by the

level of the the basal membrane, to obtain the total tubular

diameter, and adjacent to the apical edge to obtain the luminal

diameter, using a 10x objective. Similarly, a 40x objective was

used for the measurement of the height of epithelium from its

base to the apical edge.

Results

Vas deferens are continuous to the epididymis, presenting as

a small structure, resembling a sinuous tube in its final portion,

following lateral to ureters, and inserting on the dorsolateral

wall of the cloaca, expanding in a shape of a small bulb.

In Kinosternon scorpioides, vas deferens observed by light

microscopy presents as covered by pseudostratified cylindrical

epithelium with secretory cells (Figure 1). Vas deferens also has

a layer of dense connective tissue with the presence of blood

vessels surrounded by muscle tissue. Inside the lumen are found

spermatozoids and a milky fluid on the tubular center.

Structural morphology of vas deferens of scorpion mud

turtle on the rainy season was a pseudostratified epithelium

with cylindrical cells, spermatozoids in the lumen and milky

fluid characteristic of semen, while on dry season were

observed modifications, presenting pseudostratified epithelium
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with cuboid cells, absence of spermatozoa in the lumen and

cellular debris.

Scanning electron microscopy of vas deferens by cryofrac-

ture technique showed disposition of spermatozoid on tubular

epithelium and arrangement of dense connective tissue along to

a muscular layer close to the blood vessels. It is believed that

these elevations favor storage of sperm in the region (Figure 2).

Transmission electron microscopy on rainy season showed

spermatozoids, cytoplasmic organelles (mitochondria), indicat-

ing high metabolic activity, and lipid vesicles responsible

by nutrition of spermatozoid during storage. On dry season,

ultrastructural findings were disorganized and sparse cyto-

plasm, with endoplasmic reticulum, indicating protein produc-

tion, and few spermatozoids (Figure 3).

There was significant variation (p,0,05) between seasons

for morphometry of vas deferens. The tubular and luminal

diameters had lower values on rainy season. However,

epithelial height in dry season had higher averages (Table 1).

Discussion

Although in scorpion mud turtle the vas deferens expands

in a shape of a small bulb, this feature was not observed for the

same species by Carvalho et al. (2010), which does not report

the expansion of vas deferens before its insertion on the cloaca.

Chaves (2011), however, described the same characteristic,

characterizing this expansion in bulb shape on vas deferens of

scorpion mud turtle.

Figure 2. Fotomicrography of scanning electron microscopy (SEM) of vas deferens of scorpion mud turtle (Kinosternon scorpioides). A: vas deferens,
with pseudostratified cylindrical epithelium and spermatozoids in lumen (Spz). B: vas deferens, with evidence of tubular lumen (, ), dense connective
tissue (Dct) and muscular layer(Ml).

Figure 1. Histology of vas deferens of scorpion mud turtle (Kinosternon scorpioides) in rainy and dry seasons. A: vas deferens on rainy season with
presence of spermatozoids in the lumen (Spz), pseudostratfied cylindrical epithelium (Pcy) and milky fluid (*). B: Vas deferens on dry season wish
spermatozoids on luminal edges (Spz), pseudostratified cuboid epithelium (Pcu) and pseudostratified cylindrical epithelium (Pcy), with presence of
dense connective tissue (Dct). Hematoxylin-eosin staining.
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By light microscopy, in snakes (Bothrops jararaca and

Crotalus durissus), epithelial cells showed microvilli which were

not observed in scorpion mud turtle, even though similar

secretion was observed by the epithelium (Almeida-Sousa

2005). Similarity was described on close species, such as the

crocodile (Guerrero et al. 2004), and birds, particularly in the

rooster (Tingari 2001). In the snake Seminatrix pygaea of South

Carolina, was observed arrangement of spermatozoids tangent

to the epithelium, most being slightly separated from epithe-

lium (Ssever 2004).

Structural morphology was also closed to that observed in

snakes, presenting lots of spermatozoa in the lumen of vas

deferens in rainy season, indicating copulation period, when it

is used as a storage organ; and decrease of spermatozoa in the

lumen on dry season, indicating a postmating stage (Rojas et al.

2013). However, in rat snakes, although vas deferens is also the

main sperm storage organ, spermatozoa is present in large

numbers throughout all the year, except in July (Gang et al.

2011).

Scanning electron morphology in snakes reported vas

deferens as being an organ of spermatozoids storage

(Almeida-Sousa 2005),. In this study of scorpion mud turtle,

it is believed that vas deferens is also adapted for storage, due to

its structural characteristics such as absence of cilia or

stereocilia in the cells. On crocodiles (Caiman crocodilus),

non-ciliated cells were also found, indicating storage function

of vas deferens in another species of reptiles (Guerrero et al.

2004).

Transmission electron microscopy also presented lipid

vesicles in snakes on the rainy season, which are responsible

for nutrition of spermatozoids (Rojas 2013). On dry season, the

visualization of spermatozoa in the lumen demonstrates that

the organ is in reproductive activity. On domestic quails, was

reported that vas deferens showed little annual variability, with

a significant increase in tubular caliber, intraluminal storage of

spermatozoids and occurence of mitochondria, lysomes,

endoplasic reticulum and variable vesicles in the cytoplasm of

principal cells. These ultrastructural features of principal cells

seems to be indicative of the occurence of active processes of

endocytosis, and degenerative characteristics were observed at

the supranuclear cytoplasm of epididimary P cells on autumn

(Orsi et al. 2007). On crocodiles, endoplasmic reticulum was

also abundant, indicating protein production, despite of

absence of visible secretory material (Guerrero et al. 2004).

By morphometry, the decrease of tubular and luminal

diameters, along with increase of epithelial heighs on rainy

season, are correlated to seasonal variations in synchrony with

the spermatogenic and epididymal cycles. In the same sense,

was described in snakes (Cerastes vipera and Psammophis

sibilans), a larger diameter and short epithelial linings during

reproductive season as a result of elongation of stored

spermatozoids (Sivan et al. 2012, AMER et al. 1978).

Figure 3. Fotomicrography of transmission electron microscopy (TEM) of vas deferens of scorpion mud turtle (Kinosternon scorpioides). A: vas
deferens on dry season with disorganized cytoplasm, presenting endoplasmic reticulum (yellow arrow), vesicle (red circle) and spermatozoids (blue
arrow). B: vas deferens on rainy season with spermatozoids (Spz), mitochondria (yellow arrow) and lipidic vesicles (red arrow).

Table 1. Mean and standard deviation of morphometry (mm) of tubular and luminal diameters and height of the vas deferens of turtle
(Kinosternon scorpioides), captured in São Bento - MA, according with the season. Sao Luis - MA –– 2012.

Vas deferens

Period of the year

Rainy season Dry season

mar/11 jun/11 sep/11 dec/10

Tubular diameter 395,72 ± 60,77 a 298,96 ± 50,50 ab 401,88 ± 69,14 302,70 ± 52,87 b

Luminal diameter 292,99 ± 59,46 a 243,68 ± 75,68 ab 337,29 ± 66,14 ac 220,13 ± 52,87 bd

Epithelial height 37,24 ± 13,65 a 18,67 ± 5,52 b 42,49 ± 16,83 ac 21,70 ± 4,61 b

Means in different letters in the same line indicate statistical difference (p,0,05) for Student-Newman-Keuls (SNK), normality test t Cramer-von
Mises W-Sq 0.03979, Pr . W-Sq . 0,2500. Dec - December. Mar - March. Jun - June. Sep - September
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We conclude that vas deferens is the main sperm storage

organ on the scorpion mud turtle, presenting a large number

of spermatozoids in reproductive season, and morphological

findings that represent an adaptation to its function. However,

on dry season, the storage was smaller, indicating that organ is

in reproductive activity, but production of spermatozoids is

reduced in comparison to the rainy season. Further studies on

hormonal levels and quality of spermatozoids are suggested, in

order to refine the knowledge on the reproductive biology of

Kinosternon scorpioides.
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Abstract: The Lowland Forest is one of the most disturbed and fragile ecosystems in the Atlantic Forest

biome, yet little is known regarding its successional trajectory and resilience. We evaluated changes in

species assemblages and forest structure of the canopy and understory along a successional gradient

(young 21-yrs old forest, immature 34-yrs old forest and late successional 59-yrs old forest) aiming to

assess changes in species composition and successional trajectory of different strata of secondary forests.

A 0.1 ha plot (ten 10x10 m sub-plots) from each forest stand was surveyed for trees and shrubs with a

diameter at breast height (DBH) > 4.8 cm (canopy) and for individuals with heights > 1 m and DBH ,

4.8 cm (understory). A total of 3,619 individuals from 82 plant species were sampled. The successional

gradient was marked by a unidirectional increase in species richness and a bidirectional pattern of density

changes (increasing from young to immature forest and decreasing from immature to late successional

forest). Community assemblages were distinct in the three forests and two strata; indicator species were

only weakly shared among stands. Thus, each successional forest and stratum was observed to be a

unique plant community. Our results suggest slight predictability of community assemblages in secondary

forests, but a relatively fast recovery of forest structure.

Keywords: canopy, chronosequence, Restinga, understory.
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composição ao longo de um gradiente sucessional de Floresta de Terras Baixas no sul do Brasil. Biota

http://dx.doi.org/10.1590/1676-06032014009414

Resumo: As Florestas de Terras Baixas constituem um dos ecossistemas mais perturbados e frágeis no

bioma Mata Atlântica, mas ainda pouco se sabe sobre sua trajetória sucessional e resiliência. Foram

avaliadas alterações na composição de espécies e a estrutura florestal do dossel e sub-bosque ao longo de

um gradiente sucessional (floresta jovem-21 anos, floresta imatura-34 anos, floresta madura-59 anos)

com o objetivo de verificar as mudanças na composição de espécies e a trajetória sucessional de diferentes

estratos destas florestas secundárias. Uma parcela de 0,1 ha (dez sub-parcelas de 10x10 m) foi

estabelecida em cada floresta, amostrando-se árvores e arbustos com um diâmetro à altura do peito

(DAP) > 4,8 cm (dossel) e para indivı́duos com altura . 1 m e DAP , 4,8 cm (sub-bosque). Um total de

3.619 indivı́duos de 82 espécies de plantas foram amostrados. O gradiente sucessional foi marcado por

um aumento unidirecional na riqueza de espécies com o tempo, e um padrão bidirecional de mudanças de

densidade (aumentando da floresta jovem para a imatura e diminuindo da imatura para a madura). As

assembléias de plantas eram distintas nas três florestas e nos dois estratos; espécies indicadoras foram

pouco compartilhadas entre as florestas. Portanto, cada estádio da cronosequência e cada estrato

representam uma comunidade única de plantas. Nossos resultados sugerem pouca previsibilidade das

assembleias de plantas destas florestas secundárias, mas uma recuperação relativamente rápida da

estrutura da floresta.

Palavras-chave: cronossequência, dossel, Mata Atlântica, Restinga, sub-bosque.
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Introduction

Secondary forests are increasing worldwide as a result of

shifting cultivation patterns and rural-urban migration (Aide &

Grau 2004; Wright & Muller-Landau 2006). Future global land

cover scenarios include forests that have resulted from multiple

successional pathways (Corlett 1995). For decades, studies have

focused on factors that have influenced the structure and

diversity of secondary tropical forests (Denslow 1980; Brown &

Lugo 1990; Finegan 1996; Guariguata & Ostertag 2001;

Chazdon 2008). However, the successional trajectories of these

forests still remain uncertain. Determining changes in tropical

forests during secondary succession is crucial for understanding

forest resilience, resistance and, ultimately, the role of

secondary forests in the conservation of biodiversity and the

provision of ecosystem services (Brown & Lugo 1990; Chazdon

2008; Chazdon et al. 2009).

Plant communities are affected by multiple factors during

successional processes. Features of the landscape, such as the

distance and quality of nearby habitats, affect rates of seed

arrival and colonization (Pickett et al. 1987; Zwiener et al.

2014). The disturbance history and previous land use strongly

influence soil properties (Ding et al. 2012; Larkin et al. 2012;

Long et al. 2012), presence of remnant seeds, sprouts and

saplings, and current species composition of the plant commu-

nity (Uhl 1987; Holl et al. 2000). All of these factors determine

different paths and rates of forest recovery, which can vary

from decades to centuries (Liebsch et al. 2008).

The recovery of forest structure after disturbance is often

assessed in terms of how density, basal area and diversity of the

canopy stratum compare with those of old-growth/primary

forests (Guariguata & Ostertag 2001; Letcher & Chazdon

2009). Four structural phases are generally recognized for the

recovery process in tropical forests (Chazdon 2008): stand

initiation, stem exclusion, understory re-initiation and the old-

growth stage. Such phases are reflected in forest physiognomy

and structure, but directional changes for each community vary

according to the amount of time that has passed since the last

disturbance. For example, species richness is relatively low in

young and undisturbed communities, but the immature phase

can have a higher number of species than might be found in the

other phases because of the intermediate disturbance level in

these sites (Connell 1978).

Whereas sufficient knowledge exists concerning the

mechanisms of structural change during secondary succession

(e.g., Chazdon et al. 2007), issues about successional trends in

species composition still remain contentious. Changes in

temperature, humidity and light availability create new habitats

that are occupied by species that differ in their resource

requirements (Mesquita et al. 2001). In these situations, not

only the species composition but also the community guilds are

distinctive from those of primary forests (Norden et al. 2009).

Decreasing light availability during succession favors shade

tolerant species and decreases numbers of understory species in

secondary forests (Guariguata & Ostertag 2001). Thus, species

composition during the succession is still one of the most

difficult approaches to succession theory, but it is highly

important for forest management.

The Brazilian Atlantic Forest has been systematically

altered by human occupation over successive economic cycles

and a large portion of the impacted areas has now been

abandoned and is undergoing secondary succession. In this

biome, the Lowland Atlantic Forest type is characterized by a

lower floristic diversity compared to other types of Atlantic

Forests occurring mostly in sandy and nutrient poor soils

(Marques et al. 2011). These forests originally covered the

southern and southeastern coast of Brazil, in terrains up to

100m of altitude, but its distribution was drastically reduced

due to the expansion of cities, real estate market and

agricultural areas (Galindo-Leal & Câmara 2003). Thus, an

effective conservation and management policy for these highly

threatened forests is urgently necessary, but little is known

regarding their successional trajectory and resilience in order to

give support to such practices.

We evaluate the floristic and structural changes across a

successional gradient of secondary Lowland Atlantic forests

once disturbed by slash-and-burn agriculture in southern

Brazil. We compared regenerating forests at 21 (young forest),

34 (immature forest) and 59 (late successional forest) years

since abandonment of agricultural practices, seeking to answer

the following questions: 1) Do forest structure (basal area and

stem density) and species richness, and diversity follow the

same successional trajectory in the canopy and the understory?

2) Are the species assemblages in secondary forests associated

to the stratum (canopy and understory) and/or successional

stage? 3) Are there species that characterize the successional

stages and forest strata?

Material and methods

Study site

The study was conducted in a region of the Atlantic Forest

within a protected area (Palmito State Forest, total area of

approximately 300 ha) in the municipality of Paranaguá

(25
6
35’S, 48

6
32’W, at sea level) in the state of Paraná, southern

Brazil. The climate (Af in Köppen’s classification) is tropical

and superhumid, without a pronounced dry season or frosts.

The 46-year running average temperature is 216C; the average

annual precipitation is 2,218 mm, and it is always greater than

60 mm during the driest month (Britez & Marques 2005). Soils

(Spodozols) are sandy (90-98% sand) and acidic (pH 3.2-3.9; C.

Wisniewski pers. comm.).

The southern coast of Brazil is in the Atlantic Forest biome,

which includes a complex of vegetation types (mainly forest and

scrub) on both upland and lowland areas. In lowland areas,

where the soil is composed of marine (Holocene) deposits, the

vegetation type is locally called ‘‘restinga’’ (Marques et al.

2011). Specifically, in the Palmito reserve, the vegetation type is

a restinga forest that is very similar in floristics and structure to

those typical of Lowland Atlantic forests that are not found

over Holocene deposits (Marques et al. 2011). However, the

vegetation in the reserve has been modified by the last 100 years

of occupation. Historically, agricultural practices have been

rudimentary, using subsistence cultivation based on slashing

and burning. In the Palmito reserve, forest cutting, planting and

burning for agriculture occurred successively over several years.

As a result of these practices, the reserve today is a mosaic of

different successional stages (including a very small area of old-

growth forest).

To assess forest dynamics during succession we used a

chronosequence approach, where 0.1 ha plots were established

in 2001 in young forest (21 years old), immature forest (34

years) and late successional forest (59 years). Forest ages and

previous land uses were based on interviews with local
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agricultural workers and with the Palmito reserve managers.

Despite some uncertainty concerning the exact ages and

historical conditions, this is considered an appropriate

approach for estimating forest dynamics during succession

(Pickett 1989; Foster & Tilman 2000). The three forest stands

were relatively close to each other (, 1000 m), in the same soil

type (Spodozols) and surrounded by old growth and secondary

forest fragments, mangroves, and agricultural areas. The three

plots had previously been slashed and burned several times for

pineapple and manioc cultivation over the course of approxi-

mately 10 years, and had then been abandoned. Although

replication of sample units would be necessary to allow robust

generalizations (Hurlbert 1984), the use of multiple plots in the

studied region is virtually impossible, given the highly

fragmented and reduced distribution of Restinga Forests. We

dealt with this limitation by avoiding the use of analysis

requiring variance homogeneity.

Data collection

We placed 10 contiguous 10x10 m subplots in each plot in

the young, immature and late successional forests. In each

subplot, we sampled all trees and shrubs in both the canopy and

understory, selecting individuals with a diameter at breast

height (DBH) > 4.8 cm and individuals with a height . 1 m

and a DBH , 4.8 cm, respectively. For each individual, we

recorded the species name, the DBH (canopy) and the basal

stem diameter (understory). For coppiced trees, we counted the

number of stems per individual to estimate the capacity of plant

re-sprouting during the succession. We classified each species in

shade-tolerant or shade-intolerant, based on previous studies in

this forest type (Larcher et al. 2012). Vouchers of the species

collected were deposited at the UPCB Herbarium (Herbário do

Departamento de Botânica da Universidade Federal do

Paraná). Species names and family names followed the

International Plant Names Index (http://www.ipni.org) and

taxa were systematized according to APG III (APG III, 2009).

Analysis

We considered each plot (young, immature and late

successional forests) and stratum (canopy and understory)

separately to compare species compositions, species richness,

Shannon’s index (H’, Log10), and forest structure. To reduce

bias due to plot size, lack of replication and differences in plant

size between strata, we compared the observed accumulated

species richness (S obs) of the canopy and understory

assemblages with two different estimators (bootstrap and

ACE) using EstimateS (Colwell 2006) software. We used

subplots from each plot as the sample units and randomized

1000 times the number of individuals. Successional stages and

strata structures were analyzed by comparing the average,

height, density and number of stems using Kruskal-Wallis test

(Zar 1999).

To visualize differences in species assemblages among the

three successional stages and two strata, we performed a

multivariate analysis of the communities’ composition using

non-metric multidimensional scaling (NMDS) and using

species abundance and Bray-Curtis distance; the first two axes

were selected a priori (Legendre & Legendre 1998).

The indicator species value (IndVal) approach was applied

to find typical species for the young, immature and late

successional forests. The indicator value of a species is the

product of its group specificity (Aij) and its group fidelity (Bij):

IndValij = Aij x Bij x 100, where Aij is the abundance of

species i across sites in group j divided by the abundance of

species i over all groups, and Bij is the number of sites in

group j where species i is present, divided by the total number

of sites in group j. IndVal is maximized (100%) when all

individuals of species i are found in one group and when that

species occurs in all of the plots in that group. The statistical

significance of the resulting IndVal was evaluated for each

species by a random re-allocation procedure for sites (999

permutations) among the three groups (Dufrêne & Legendre

1997).

Results

A total of 3,619 individuals from 82 plant species and 36

families were sampled in the three successional stages and two

strata (Appendix 1). The understory in the three forests had

always higher density than the canopy. In the immature forest,

the densest forest, the understory was six times denser than the

canopy (Table 1). Species richness and diversity in the

understory were higher than in the canopy, in all three forests.

The late successional forest had greater understory and canopy

species richness and diversity than young and immature forests.

When species richness estimators were used, the richness was

even higher than the observed, and differences among forests

remained (Table 1).

Forest structure changed along the successional gradient.

The basal area of the canopy was greater than the understory

for all three forests, and peaked in the immature forest, where it

was twofold higher than in the young forest and 50% higher

than in the late successional forest (Table 1). The average

density of canopy trees was significantly higher in young and

immature forests (about 50%) than in the late successional

forest, whereas young and immature forests did not signifi-

cantly differ. All forests differed regarding understory density,

with the highest values in the immature forest. The late

successional forest had 70% and 50% lower understory density

than immature and young forests, respectively (Table 1). Stem

ramification, measured as the average number of stems per

individual, was highest in the young forest, for both the canopy

and the understory strata, whereas immature and late

successinal forests did not significantly differ in both strata

(Table 1). The late successional forest had the highest average

canopy height, while the understory was significantly taller in

the late successional and young forests (Table 1).

Community assemblages were distinct in the three forests

and in the two strata. The NMDS community ordination

values (Kruskal stress = 16.66) showed six well defined groups.

The sub-plots of the late successional forest canopy were less

clumped in the ordination (Fig. 1).

Differences in community assemblages were followed by

changes in indicator species (Table 2): the canopies of the three

forests were marked by a reduced number of indicator species

(young=2, immature=4, late=3), while in the understories, the

number of indicator species was much higher (6, 19 and 9,

respectively). From the total of 36 indicator species, only 20%

were shared between two forests or strata. Shade-intolerant

species, such as the trees Ilex integerrima, Ternstroemia

brasiliensis, Gaylussacia brasiliensis and Myrcia ilheosensis

(higher IndVals) indicated a young forest composition, whereas

shade-tolerant species, such as the trees Euterpe edulis,
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Aparisthmium cordatum, Myrcia racemosa and the shrub

Geonoma schottiana, characterized the late successional forest

(Table 2). The immature forest exhibited a mix of shade-

intolerant species in the canopy (for example, Myrcia ilheoensis

and Myrsine venosa) and shade-tolerant species in the

understory (for example, Miconia pusilliflora and Ocotea

pulchella) (Table 2). During succession, shade-intolerant trees

and shrubs were progressively replaced by shade-tolerant trees

and shrubs in the canopy and understory (Fig. 2).

Discussion

Our study encompassing three Lowland Atlantic forests in

southern Brazil showed differences between understory and

canopy strata among forests differing in age since abandon-

ment of impacting activities. The canopy of the forests

contained a subset of different species from the respective

understory, suggesting that biotic and/or abiotic filters selected

the species that reached the canopy during forest development.

Species richness, individual abundance, and basal area increase

rapidly during the succession, indicating that forest recovery is

relatively high in these Lowland Forests.

The species richness (observed and estimated) and diversity

in the canopy and understory increased with forest age along

the successional gradient. Patterns of changes in species

richness and diversity varied across different chronosequence

studies and were strongly influenced by soil fertility and land

use history (Brown & Lugo 1990; Chazdon 2008). Whereas

initial successional areas generally contain few tree species and

low diversity (Siminski et al. 2004), the peak of tree diversity

might be found in intermediate (Sheil 2001; Kalacska et al.

2004; Liebsch et al. 2007) or in late (Saldarriaga et al. 1988;

Chinea 2002) phases of succession. Our results indicate an

accumulation of species in the understory and the recruitment

of a portion of these species to the canopy. Despite variations in

methods and diversity estimates among various studies

(Chazdon 2008), the unidirectional increase in species richness

in our study was supported even for other stem size inclusion

criteria (see Appendix 2). The diversity of the late successional

forest (H’canopy = 3.24) is comparable to old-growth forests

(H’= 3.22-5.00) in the Atlantic Forest region (Liebsch et al.

2007; Martini et al. 2007; Siminski et al. 2011), and suggests

that 59 years of abandonment is sufficient for recovering a large

part of the forest diversity and composition originally found in

Table 1. General structural characteristics of the canopy (diameter at the breast height, DBH > 4.8cm) and understorey (DBH , 4.8cm; h > 1m)
of three successional Lowland Atlantic forests in southern Brazil. Averages followed by the same letter do not differ (Kruskal-Wallis). **p,0.01;
***p,0.001

Strata Forest stage

Young Immature Late successional F

CANOPY

Density (individuals per 0.1ha){ 200 276 121 -

S (species richness){ 15 28 38 -

S (Bootstrap –– ACE) 17.86––28.16 31.17––37.83 44.86––60.76 -

Shannon (H’){ 1.09 2.23 3.24 -

Basal area (m2 ha-1){ 14.26 34.31 23.91 -

Average density (individuas per 0.1 ha) (n=10) 20.0±2.28A 27.6±1.98A 12.1±1.68B 14.57***

Average stem number (per individual) 3.70±0.25A 1.42±0.05B 1.21±0.08B 119.00**

Average height (m) 5.14±0.06C 8.51±0.20B 9.89±0.38A 125.70***

UNDERSTOREY

Density (individuals per 0.1ha){ 937 1640 445 -

S (species richness){ 29 49 54 -

S (Bootstrap –– ACE) 32.98––40.65 51.68––51.21 58.09––56.26 -

Shannon (H’){ 1.97 2.76 3.32 -

Basal area (m2 ha-1){ 9.63 4.14 2.73 -

Average density (individuas per 0.1 ha) (n=10) 93.7±13.41b 164.0±14.00a 44.5±3.09c 38.68***

Average stem number (per individual) 1.89±0.06a 1.05±0.00b 1.00±0.00b 270.94**

Average height (m) 2.43±0.04a 2.14±0.07b 2.53±0.07a 34.88***

{Estimates for trees with DBH > 5cm and DBH > 10cm in Appendix 2, for comparisons.

Figure 1. Non metric dimensional scale (NMDS) of species composition
in 10 subplots of the canopy (filled symbols) and understorey (empty
symbols) of the three successional Lowland Atlantic forests in southern
Brazil. Circles: late-sucessional forest; triangles: immature forest;
squares: young forest.
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the study region. Despite our findings, the recovery of forest

diversity is not necessarily followed by forest functionality

(Dı́az & Cabido 2001), which may take a longer time period

and limit ecosystem processes (Liebsch et al. 2008). Therefore,

forest conservation and management initiatives should consider

the relative fast recovery of diversity and structure but be aware

of a possible lag in the recovery of forest functionality.

The chronosequence studied was marked by a peak in basal

area and tree density in the intermediate stand, for both the

understory and canopy strata; the late successional forest was

the least dense stand. In general, young stands are characterized

by higher tree densities, lower basal areas and shorter canopy

heights (Saldarriaga et al. 1988; Aide et al. 1995; Denslow &

Guzman 2000) and the increase in density and basal area is

either asymptotic (Saldarriaga et al. 1988; Piotto et al. 2009) or

exhibits a peak in intermediate stands (Aide et al. 1995;

Feldpausch et al. 2005). The immature forest is a habitat where

the shade-intolerant trees and shrubs of the initial succession

are still present and where the shade-tolerant species can also

become established, resulting in a dense forest. The decreases in

stem density and basal area from the immature forest to the late

successional forest suggest a density-dependent (sensu Janzen

1970) mortality mechanism. Thus, the first part of the

succession is marked by colonization of shade-intolerant shrubs

Table 2. Indicator species (and respective IndVals) of three successional Lowland Atlantic forests in southern Brazil. Species acronyms, see
Appendix 1. *p,0.05; **p,0.01. In bold, species shared by two forests or strata.

Young Immature Late successional

Canopy IINT (0.56*) MILH (0.80**) EEDU (0.60**)

TBRA (0.45*) MVEN (0.64**) ACOR (0.50**)

CCRI (0.51**) MRAC (0.43*)

EAMP (0.33*)

Understorey GBRA (0.81**) MPUS (0.94**) GSCH (0.87**)

GOPO (0.81**) OPUL (0.90**) TGUI (0.80**)

IINT (0.57**) BSAL (0.86**) ADUB (0.70**)

MILH (0.55**) MMUL (0.84**) DMON (0.60**)

PCAT (0.54**) AGUI (0.82**) OACY (0.60**)

TBRA (0.52*) EAMP (0.81**) AEMA (0.55**)

CPER(0.80**) PSEL (0.50**)

CCRI (0.68**) AFRA (0.46*)

MVEN (0.66**) ACOR (0.40*)

MCIN (0.64**)

MBRA (0.60**)

ATRI (0.55**)

ASER (0.45**)

ABRA (0.44*)

MCAB (0.41*)

SYMP (0.41*)

SGUI (0.37*)

MCUB (0.33*)

CBUB (0.14*)

Figure 2. Relative abundance of trees and shrubs, according to shade tolerance, in three successional Lowland Atlantic forests in southern Brazil.
Three non classified species (5 individuals) were excluded.
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and trees; during the second part, there is an accumulation of

species (both shade-tolerant and intolerant) in the limited

habitat of the immature forest where intraspecific light

competition may occur. During the third phase of succession,

the establishment of shade-tolerant species occurs, increasing

the species richness.

The three forests were marked by the occurrence of multiple

stems, especially in the canopy of the young forest (3.7 stems

per individual). This most likely resulted from previous land

management that had included several instances of slash-and-

burn agriculture. Re-sprouting has been cited as an important

form of stand initiation in tropical forests (Kammesheidt 1998)

and it may lead to the development of the initial cover during

the first phases of forest regrowth (Schmidt-Vogt 2001). In the

studied areas, after land abandonment, the stems were able to

re-sprout for some period, but with the successional process, re-

sprouting trees are replaced by others with single stems. In fact,

this ability is restricted to the trees remaining after the first

steps in the successional processes because a strong dependence

on seed arrival (and not on re-sprouting) was found for the

establishment of saplings at the same study sites (Simões &

Marques 2007).

We found that the species assemblages for each stratum and

forest stage were weakly related and that there was little species

convergence among the communities of the three successional

forests. Thus, each successional forest is a unique plant

community. Species composition appears to vary independently

of species richness in the succession and is strongly determined

by differences in land use and the colonizing vegetation

(Finegan 1996; Chazdon 2003). The three successional forests

had similar histories and were embedded in a relatively forested

landscape, which potentially allowed for the same possibilities

of seed arrival in the three abandoned areas (unpublished data).

One possible explanation for the differences in species

composition are the age lags between the forests (young to

immature forest: 13 years; immature to late successional forest:

25 years) which would be sufficient for the arrival and

establishment of allochthonous species, resulting in different

species compositions. In addition, it is possible that plant

colonization after the abandonment of the area had been

affected by the regional landscape that had changed over the 60

years. The 10-30-year-old (phase 2) forest is believed to contrast

with the 30-100-year-old (phases 3 and 4) forest in species

composition because short-lived pioneers are replaced by long-

lived pioneer and non-pioneer species (Finegan 1996).

However, our results indicate that species turnover might be

more complex than previously suggested and that, even after a

long time (59 years), species (shade-tolerant or intolerant) are

still being replaced.

Each plant community and stratum was marked by a group

of specific indicator species, suggesting a strong specificity

(occurrence in a single forest/stratum) and fidelity (occurrence

in a large proportion of samples from each forest/stratum) of

species during succession. Despite these differences in species,

almost all guilds (except shade-tolerant shrubs) were present

since the young forest (but in different proportions). Tropical

forest succession is characterized by changes in species

composition, from herbs, shrubs, vines and fast-growing

pioneer tree species during the first 30 years, to long-lived

pioneer trees and shade-tolerant species during the following

70-120 years (Finegan 1996). According to the initial floristic

composition hypothesis (Finegan 1996; Uhl et al. 1998;

Guariguata & Ostertag 2001; Peña-Claros 2003), species

representing all guilds colonize soon after disturbance but

reach dominance at different times according to their growth

rates and longevities (Egler 1954). Our results support this

hypothesis and also agree with the consensus that species

composition in forest succession is highly unpredictable

(Chazdon 2008).

In the current scenario, tropical forests are being reduced at

alarming rates and being replaced by secondary forests in a

changing tropical landscape. Knowledge of the mechanisms of

forest succession and forest recovery is necessary to guarantee

ecosystem functioning in this highly diverse region (Dent &

Wright 2009). Our findings showed that the structure of canopy

and understorey of successional forests follow approximately

the same successional trajectory, but with marked differences in

species composition. Thus, the recovery of these fragile

Lowland Atlantic forests is relatively fast, but slightly

predictable, which should be taken in considerations in future

management of these systems.
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Dufrêne, M. & Legendre, P. 1997. Species assemblages and indicator

species: the need for a flexible asymmetrical approach. Ecol. Monogr.

67:345––366.

Egler, F.E. 1954. Vegetation science concepts: Initial floristic composition

– a factor in old-field vegetation development. Vegetatio 4:412––417.

Feldpausch, T.R., Riha, S.J., Fernandes, E.C.M. & Wandelli, E. 2005.

Development of forest structure and leaf area in secondary forests

regenerating on abandoned pastures in Central Amazonia. Earth

Interact. 9:1––22. http://dx.doi.org/10.1175/EI140.1

Finegan, B. 1996. Pattern and process in neotropical secondary rain

forest: the first 100 years of succession. Tree 11:119––124.

Foster, B.L. & Tilman D. 2000. Dynamic and static views of succession:

testing the descriptive power of the chronosequence approach.

Plant Ecol. 146:1––10. http://dx.doi.org/10.1023/A:1009895103017
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Appendix 1. Checklist, life forms (LF: T = tree, S = shrub) and densities (per 0.1 ha) of 82 species sampled in three successional Lowland Atlantic
forests in southern Brazil. YCAN= young forest –– canopy, YUND = young forest –– understorey, ICAN = immature forest - canopy, IUND =
immature forest - understorey, LCAN = late successional forest –– canopy, LUND = late successional forest –– understorey.

Acronyms Species Family LF YCAN YUND ICAN IUND LCAN LUND

ABRA Abarema brachystachya (DC.)

Barneby & J.W. Grimes

Fabaceae T 0 1 2 15 0 3

ACOR Aparisthmium cordatum

(Juss.) Baill.

Euphorbiaceae T 0 0 0 0 5 22

ADUB Attalea dubia (Mart.)

Burret

Arecaceae T 0 0 0 0 2 11

AEMA Annona emarginata

(Schltdl.) H.Rainer

Annonaceae T 0 0 0 1 0 11

AFIR Aniba firmula (Nees &

Mart.) Mez

Lauraceae T 0 0 0 0 0 2

AFRA Andira fraxinifolia Benth. Fabaceae T 5 3 9 4 9 14

AGLA Alchornea glandulosa

Poepp.

Euphorbiaceae T 0 0 0 0 1 0

AGUI Amaioua guianensis Aubl. Rubiaceae T 0 1 0 98 2 6

ASAL Aiouea saligna Meisn. Lauraceae T 0 0 0 0 0 3

ASER Annona sericea Dunal Annonaceae T 0 0 0 13 1 1

ATRI Alchornea triplinervia

(Spreng.) Müller Arg.

Euphorbiaceae T 0 3 0 17 0 5

BSAL Blepharocalyx salicifolius

(Kunth) O.Berg

Myrtaceae T 0 7 1 43 0 0

CATR Cyathea atrovirens

(Langsd. & Fisch.) Domin

Cyatheaceae T 0 0 0 0 1 0

CBRA Calophyllum brasiliense

Cambess.

Calophyllaceae T 1 0 3 16 2 12

CCAN Cabralea canjerana (Vell.)

Mart.

Meliaceae T 0 0 0 0 1 0

CCON Cordiera concolor (Cham.)

Kuntze

Rubiaceae T 0 0 0 0 1 1

CCRI Clusia criuva Cambess. Clusiaceae T 0 13 11 65 0 17

CMIC Coussapoa microcarpa

(Schott) Rizzini

Urticaceae T 0 0 0 0 1 0

CPER Cybianthus peruvianus

(A.DC.) Miq.

Primulaceae T 0 0 3 80 3 12

CRUB Calyptranthes rubella

(O.Berg) D.Legrand

Myrtaceae T 0 0 0 8 0 0

CSCR Clethra scabra Pers. Clethraceae T 0 4 2 4 1 6

DAPH Daphnopsis sp. Thymelaeaceae T 0 0 0 0 0 1

DMON Dendropanax monogynum

(Vell.) Seem.

Araliaceae S 0 0 0 0 0 15

EAMP Erythroxyllum amplifolium

Baill.

Erythroxyllaceae T 0 10 3 36 0 0

EEDU Euterpe edulis Mart. Arecaceae T 0 0 0 0 13 3

EPAN Endlicheria paniculata

(Spreng.) J.F.Macbr.

Lauraceae T 0 0 0 0 0 4

FORG Ficus organensis Miq. Moraceae T 0 1 0 0 0 0

GAUS Guatteria australlis A. St.

0Hil.

Annonaceae T 1 14 3 55 1 54

GBRA Gaylussacia brasiliensis

(Spreng.) Meisn.

Ericaceae S 0 355 0 0 0 0

GGAR Garcinia gardneriana

(Planch. & Triana) Zappi

Clusiaceae T 0 0 0 0 1 0

GHIR Guapira hirsuta (Choisy)

Lundell

Nyctaginaceae S 0 1 0 0 0 0

GMAC Guarea macrophylla Vahl Meliaceae T 0 0 0 0 0 2
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Appendix 1. Continued.

Acronyms Species Family LF YCAN YUND ICAN IUND LCAN LUND

GOPO Guapira opposita (Vell.)

Reitz

Nyctaginaceae T 5 81 3 5 0 3

GSCH Geonoma schottiana Mart. Arecaceae S 0 0 3 2 4 64

HBRA Hedyosmum brasiliense

Mart.

Chloranthaceae T 0 0 0 0 0 3

HSIL Heisteria silvianii Schwacke Olacaceae T 0 0 0 1 0 2

HUMB Handroanthus umbellatus

(Sond.) Mattos

Bignoniaceae T 0 0 0 0 0 1

IDUM Ilex dumosa Reissek Aquifoliaceae T 0 0 1 4 1 0

IINT Ilex integerrima Reissek Aquifoliaceae T 151 226 99 126 6 17

IPSE Ilex pseudobuxus Reissek Aquifoliaceae T 0 1 0 0 0 0

JPUB Jacaranda puberula Cham. Bignoniaceae T 0 0 0 0 1 1

LFRU Laplacea fruticosa

(Schrad.) Kobuski

Theaceae T 0 0 0 5 0 0

MBRA Maprounea brasiliensis A.

St.-Hil.

Euphorbiaceae T 0 2 1 1 1 1

MBRA Myrcia brasiliensis Kiaersk. Myrtaceae T 0 0 0 12 0 4

MCAB Miconia cabussu Hoehne Melastomataceae S 0 0 0 12 1 2

MCIN Miconia cinerascens Miq. Melastomataceae S 0 0 0 62 0 14

MCUB Miconia cubatanensis

Hoehne

Melastomataceae S 0 0 0 10 0 0

MDIC Myrcia dichrophylla

D.Legrand

Myrtaceae T 0 0 0 5 0 3

MELA Melastomataceae sp. Melastomataceae S 0 0 0 3 0 0

MGAR Myrsine gardneriana A.

DC.

Primulaceae T 0 0 0 1 0 0

MGUI Matayba guianensis Aubl. Sapindaceae T 0 0 0 0 0 3

MILH Myrcia ilheosensis Kiaersk. Myrtaceae T 4 88 50 67 5 5

MMUL Myrcia multiflora (Lam.)

DC.

Myrtaceae T 0 1 6 29 8 2

MPUL Myrcia pulchra (O.Berg)

Kiaersk.

Myrtaceae T 0 0 0 1 0 0

MPUS Miconia pusilliflora (DC.)

Naudin

Melastomataceae S 0 0 0 153 0 0

MRAC Myrcia racemosa (O.Berg)

Kiaersk.

Myrtaceae T 0 0 2 14 12 12

MROB Maytenus robusta Reissek Celastraceae T 1 0 2 0 2 1

MSCH Maytenus schumanniana

Loes.

Celastraceae T 0 4 0 4 0 0

MVEN Myrsine venosa A. DC. Primulaceae T 1 9 36 62 4 2

NOPO Nectandra oppositifolia

Nees & Mart.

Lauraceae T 0 0 1 1 0 4

OACY Ocotea aciphylla (Nees &

Mart.) Mez

Lauraceae T 1 0 1 3 2 20

OAMI Ossea amygdaloides Triana Melastomataceae S 0 3 0 25 0 0

OARB Ormosia arborea (Vell.)

Harms.

Fabaceae T 0 2 0 0 0 2

ODIS Ocotea dispersa (Nees &

Mart.) Mez

Lauraceae T 0 0 0 0 0 2

OPUL Ocotea pulchella (Nees &

Mart.) Mez

Lauraceae T 8 46 10 506 10 3

PCAT Psidium cattleianum Afzel.

ex Sabine

Myrtaceae T 3 19 4 0 3 0

PGLA Pera glabrata (Schott)

Poepp. ex Baill.

Peraceae T 2 1 1 9 1 6

Continued on next page
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Appendix 1. Continued.

Acronyms Species Family LF YCAN YUND ICAN IUND LCAN LUND

PHOF Psychotria hoffmannseggi-

ana (Willd. ex Schult.)

Müll. Arg.

Rubiaceae S 0 0 0 8 0 6

PMYR Prunus myrtifolia (L.) Urb. Rosaceae T 0 8 0 2 0 3

PSEL Podocarpus sellowii

Klotzsch ex Endl.

Podocarpaceae T 0 0 0 5 2 13

PVENO Pouteria venosa (Mart.)

Baehni

Sapotaceae T 0 0 0 0 3 0

RUBI Rubiaceae sp. Rubiaceae S 0 0 0 0 0 1

SANG Schefflera angustissima

(Marchal) Frodin

Araliaceae T 0 0 1 3 3 2

SGUI Sloanea guianensis (Aubl.)

Benth.

Elaeocarpaceae T 0 0 0 0 1 1

SGUI Siphoneugena guilfoyleiana

Proença

Myrtaceae T 0 0 0 5 0 0

SYMP Symplocos sp. Symplocaceae T 0 1 0 11 0 2

TBRA Ternstroemia brasiliensis

Cambess.

Pentaphylacaceae T 15 31 16 23 0 1

TGUI Tapirira guianensis Aubl. Anacardiaceae T 0 0 1 4 4 34

TIBO Tibouchina sp. Melastomataceae T 0 1 0 0 0 0

UNKN Unknown sp. Unknown T 0 0 1 0 0 0

XBRA Xylopia brasiliensis Spreng. Annonaceae T 0 0 0 1 0 0

XLAN Xylopia langsdorfiana A.

St.-Hil. & Tul.

Annonaceae T 1 0 0 0 1 0

Appendix 2. Comparative forest structure (canopy) for different tree sizes.

Young forest Immature forest Late successional forest

DBH > 5cm DBH > 10cm DBH > 5cm DBH > 10cm DBH > 5cm DBH > 10cm

Density (per 0.1ha) 165 10 248 95 118 61

S (species richness) 14 4 25 15 38 27

Shannon (H’) 0.98 1.28 2.14 1.38 3.25 3.05

Basal area (m2 ha-1) 12.81 3.67 33.73 22.28 23.86 20.90
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Abstract: Medium and large-sized terrestrial mammals develop important functions in ecosystems

maintenance. However, this group is the most vulnerable to local extinctions, through habitat loss or

hunting. This study inventoried the community of medium and large mammals in the Reserva Ecológica

de Guapiaçú (REGUA), Cachoeiras de Macacu, RJ, providing data on species composition, richness and

abundance. Species were registered through the use of camera traps, sign survey and visual encounters on

pre-existing trails and roads. The study was conducted from January to October 2012, with each month

considered as a sample unit. An effort of 1568 cameras-day and 120 km traveled, resulted on 302 records

of 22 species of medium and large-sized mammals, belonging to eight orders. This value corresponds to

more than three-quarters of the richness described from this group in the Atlantic Forest of Rio de

Janeiro state. Five species are under some level of regional, national or global threat. Three game species,

Pecari tajacu, Cuniculus paca and Dasyprocta leporina were abundant in the area. The observed richness

was comparable to that found in other studies conducted in rain forests. Thus, for its high number of

species, including those under some degree of threat, we conclude that REGUA is an important area to

mammal conservation, especially in the Atlantic Forest of Rio de Janeiro state.
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Resumo: Mamı́feros de médio e grande porte desempenham funções importantes para a manutenção dos

ecossistemas. Porém, esse grupo é um dos mais vulneráveis a extinções locais, seja pela perda de hábitat

ou pela caça. Neste estudo foi inventariada a comunidade de médios e grandes mamı́feros na Reserva

Ecológica de Guapiaçú (REGUA), Cachoeiras de Macacu, RJ, sendo descritos dados de composição,

riqueza e abundância. As espécies foram registradas através do uso de armadilhas fotográficas, busca por

vestı́gios e visualizações diretas em trilhas e estradas pré-existentes. O estudo foi realizado de janeiro a

outubro de 2012, sendo cada mês considerado uma unidade amostral. A partir de um esforço de 1568

câmeras-dia e de 120 km caminhados, obtivemos 302 registros de 22 espécies de mamı́feros de médio e

grande porte, pertencentes a oito Ordens. Esse valor corresponde a mais que três quartos da riqueza de

espécies descrita para esse grupo na Mata Atlântica do estado do Rio de Janeiro. Cinco espécies

encontram-se sob algum nı́vel de ameaça regional, nacional ou global. Três espécies cinegéticas, Pecari

tajacu, Cuniculus paca e Dasyprocta leporina foram abundantes na área. A riqueza observada foi

comparável à encontrada em outros estudos realizados em florestas ombrófilas densas. Assim, por seu

elevado número de espécies, incluindo aquelas sob algum grau de ameaça, concluı́mos que a REGUA é

um lugar de destaque para a conservação da biodiversidade de mamı́feros, especialmente na Mata

Atlântica do estado do Rio de Janeiro.

Palavras-chave: Comunidade de mamı́feros, espécies ameaçadas, armadilhas fotográficas, busca por

vestı́gios, Mata Atlântica.
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Introduction

Medium and large-sized terrestrial mammals develop

important functions in ecosystems maintenance. These animals

affects plant population dynamics through herbivory and

physical damage (e.g. Dirzo & Miranda 1990, Keuroghlian &

Eaton 2009, Beck et al. 2013), and also through their role as

seed dispersers and predators (e.g. Asquith et al. 1997, Asquith

et al. 1999, Galetti et al. 2006, Donatti et al. 2009, Kuprewicz

2013) contributing to plant local diversity. Acting as animal

predators they also regulate herbivore populations (e.g.

Terborgh 1988, Sinclair et al. 2003) affecting prey activity

patterns (Lima & Dill 1990), and reducing competition by

resources favoring species co-ocorrence (Miller et al. 2001). In

this way, these animals favor forest complexity and hetero-

geneity (e.g. Miller et al. 2001). Besides that, they contribute

also to the conservation of other species acting as umbrella

species (e.g. Noss et al. 1996) especially by their large area

requirements. These animals are also among the main flagship

species (e.g. Mittermeier 1986), due to their charismatic

attributes. Due to its ability to move inside habitat mosaics,

these mammals have been used also as landscape species,

contributing to conservation planning in larger scales (Bani et

al. 2002, Sanderson et al. 2002a, Crouzeilles et al. 2010).

In spite of their importance, these animals are among the

most vulnerable to local extinction following anthropogenic

disturbance, due to their naturally low population densities

(e.g. Cullen et al. 2005, Soisalo & Cavalcanti 2006), their large

area requirements (Sanderson et al. 2002b, Cullen et al. 2005)

and also because they are preferential targets to hunters

(Redford 1992, Peres 1996, Cullen et al. 2001, Travassos

2011). These factors has conducted to the loss of these animals

in tropical forests, promoting profound transformations in

forest dynamics and threaten the maintenance of these

ecosystems (Stoner et al. 2007, Jorge et al. 2013, Kurten 2013,

Harrison et al. 2013).

Due to this rugged relief and edaphic characteristics, which

promotes a variety of ecological conditions, the Atlantic Forest

at Rio de Janeiro state harbor a high biodiversity (e.g. Bergallo

et al. 2000). The unrivalled numbers of endemic species and a

relentless process of post-colonial deforestation (Dean 1996)

make this forest an important region inside this Brazilian

hotspot (Myers et al. 2000). Actually, the forest cover only

19.6% of the state area (Fundação SOS Mata Atlântica &

INPE 2011) in a fragmented distribution (Ribeiro et al. 2009),

contributing to biodiversity loss through the reduction of

suitable areas to mammal persistence, especially for the larger

species (Cardillo & Bromhan 2001, Kinnaird et al. 2003, Ewers

& Didham 2006). Besides that, fragmentation facilitates the

access of hunters (Peres 2000), increasing the negative pressures

over the populations of these animals (Chiarello 2000, Cullen et

al. 2001). In this scenario, large (. 100 ha), protected remnants

are responsible to maintain the diversity of medium and large-

sized mammals (Canale et al. 2012).

In spite of their importance and vulnerability, few studies

had been carried out with this mammal group in the Atlantic

Forest. The difficulties related to the study of these animals are

due to their furtive habits (Reis et al. 2006, Barea-Azcón et al.

2007), and habitat requirements (Sanderson et al. 2002b, Barea-

Azcón et al. 2007). Recently, the use of new tracking

technologies as camera traps (e.g. Karanth & Nichols 1998,

Santos-Filho & Silva 2002, Galetti et al. 2006, Srbek-Araújo &

Chiarello 2007, Goulart et al. 2009, Carvalho et al. 2013), and

their combined use with other sampling techniques as footprint

traps, linear transects and sign surveys (Passamani et al. 2005,

Negrão & Valladares-Pádua 2006, Spı́nola 2008, Modesto et al.

2008a, Silva & Passamani, 2009, Espartosa et al. 2011,

Delciellos et al. 2012) have favored studies with this group.

However, due to be a recent approach, several areas still

represents knowledge gaps for this group, especially in the Rio

de Janeiro state (Cunha 2004, Modesto et al. 2008a,b,

Delciellos et al. 2012). Inventories of this group are still needed

to a better understanding of the regional biodiversity and its

ecological patterns. These studies are of fundamental impor-

tance to verify the conservation status of the species and to

develop monitoring and management and strategies (Northon-

Griffiths 1978, Boddicker et al. 2002, Gaidet-Drapier et al.

2006). From these information is possible to define priority

areas for conservation, establish minimum areas for reserves

and to understand the main treats, consolidating the conserva-

tion strategies in these areas.

This study aim to characterize the assemblage of medium

and large sized mammals of a preserved area of the Atlantic

Forest, the Reserva Ecológica de Guapiaçú (REGUA), situated

at Cachoeiras de Macacu, RJ. More specifically, were assessed

the species composition, richness and species abundance in the

area.

Material and Methods

1. Study area

The Reserva Ecológica de Guapiaçú (REGUA, 22622’12’’ S

– 22627’18’’ S and 42642’25’’ O –– 42649’19’’ O) is a private area,

covering 7300 ha. The vegetation is the rain forest, covering

montane, sub-montane and lowland areas (Oliveira-Filho &

Fontes 2000). In the last, most part of the vegetation is in initial

successional stages due to the recent history of anthropogenic

disturbance. The most representative botanical families in the

area are Fabaceae, Rubiaceae, Myrtaceae, Lauraceae,

Meliaceae, Euphorbiaceae, Sapindaceaea, Melastomataceae,

Annonaceae and Sapotaceae (Azevedo 2012). The climate is

classified as Am according to Köppen (Peel et al. 2007), with

annual mean temperature of 22.4 6C and maximum tempera-

tures occurring in January and February and minimum in July.

The annual rainfall is 2095 mm; December and January are the

rainy months and June and July the driest ones. The altitude

ranges from 20 m to ca. 2000 m. The area overlaps with the

Parque Estadual dos Três Picos which is the largest state

conservation unit from Rio de Janeiro, covering 58.790 ha

(INEA 2013). About 94.8% of REGUA is covered by forest

and the remaining areas include swamp, pastureland, and

agriculture.

2. Data collection

The study was carried out from January to October 2012,

and each month was considered a sample event. The species

was registered through the combined use of camera traps, sign

surveys and visual encounters carried out evenly at pre-existing

trails and roads during other field activities. To avoid biased

sampling of the some species baits were not used.

Camera traps were set at 20 stations spaced at least 500 m

among them, covering an area of ca. 1,400 ha. Stations were

placed at pre-existing trails and abandoned dirty roads (2 to 8

m width), which are periodically managed to keep them open.
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Even in the wider roads the canopy is closed on most points.

Each station received a digital camera trap (Tigrinus 6.0 D or

Bushnell Trophicam) for 7.8 ± 1.9 days (mean ± sd) at each

month. Traps were active during 24 h.day-1 with an interval of 1

min between shots. Each picture was considered a record of

occurrence; for a same species independent records where those

who had at least an hour of interval among each other (Di

Bitetti et al. 2006, Tobler et al. 2008, Goulart et al. 2009,

Espartosa et al. 2011).

Sign surveys were carried out at the same trails and roads

were the camera traps were located. Each trail was surveyed

once a month, during the day, with a constant velocity of 1.5

Km/h. Recent species signs such as footprints, burrows, feeding

signs, carcass, territorial marks (scratch or stripped trees),

Table 1. Medium and large-sized mammals of the Reserva Ecológica de Guapiaçú, Cachoeiras de Macacu, RJ. Type of record: Ct = Camera trap;
Fp = Footprints; Bw = Burrow; Fs = Feeding signs; Cr = Carcass; Vi = Visualization; Vo = Vocalization; Tm = Territorial marks; F = Faeces; H =
Hair. Status of Threat: PT = presumably threatened; LC = least concern; NT = near threatened; VU = vulnerable; EN = endangered; CE =
critically endangered. Species nomenclature followed Paglia et al. (2012).

TAXA

(Order/Family/Species)
Common Name Type of record Degree of threat

RJ BR IUCN

Didelphimorphia

Didelphidae

Didelphis aurita (Wied-Newied, 1826) Big-eared opossum Ct - - LC

Cingulata

Dasypodidae

Dasypus novemcinctus Linnaeus, 1758 Nine-banded armadillo Ct, Fp, Bw, Fs, Cr - - LC

Cabassous tatouay (Desmarest, 1804) Greater naked-tailed armadillo Ct, Fp, Bw PT - LC

Euphractus sexcinctus (Linnaeus, 1758) Six-banded armadillo Ct, Bw, Fs - - LC

Bradypodidae

Bradypus variegatus Schinz, 1825 Brown-throated sloth Vi - - LC

Myrmecophagidae

Tamandua tetradactyla (Linnaeus, 1758) Southern tamandua Cr - - LC

Primata

Atelidae

Alouatta guariba (Humboldt, 1812) Brown howler Vo PT - LC

Brachyteles arachnoides É. Geoffroy,

1806 Southern muriqui Vi CE EN EN

Cebidae

Sapajus nigritus (Goldfuss, 1809) Black capuchin Vi - - NT

Carnivora

Canidae

Cerdocyon thous (Linnaeus, 1766) Crab-eating fox Ct, Fp - - LC

Procyonidae

Nasua nasua (Linnaeus, 1766) South american coati Ct, Vi, Tm - - LC

Procyon cancrivorus (G.Curvier, 1798) Crab-eating raccoon Fp - - LC

Mustelidae

Eira barbara (Linnaeus, 1758) Tayra Ct, Fp PT - LC

Lontra longicaudis (Olfers, 1818) Neotropical otter Fs - - LC

Galictis cuja (Molina, 1782) Lesser grison Fp - - LC

Felidae

Leopardus pardalis (Linnaeus, 1758) Ocelot Ct VU VU LC

Puma concolor (Linnaeus, 1771) Cougar Ct, Fp, Tm, F VU VU LC

Artiodactyla

Tayassuidae

Pecari tajacu (Linneaus, 1758) Collared peccary Ct, Fp, Fs VU - LC

Rodentia

Erethizontidae

Coendou insidiosus (Lichtenstein, 1818) Bahia porcupine H PT - LC

Cuniculidae

Cuniculus paca (Linnaeus, 1766) Lowland paca Ct, Fp, Fs VU - LC

Dasyproctidae

Dasyprocta leporina (Linnaeus, 1758) Red-rumped agouti Ct, Fp, Fs - - LC

Lagomorpha

Leporidae

Sylvilagus brasiliensis (Linnaeus, 1758) Tapiti Vi - - LC
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vocalization and feces, were identified and georeferenced with a

GPS. Footprints were identified based on authors knowledge

and field guides (Emmons 1997, Becker and Dalponte 1999,

Borges and Tomás 2008). For a same species records obtained

within a same sample event were considered independent only

when spaced at least 500 m among them.

Considering the independence of visual encounters, differ-

ent observations of individuals or social groups of a same

species in a given trail in the same day were considered as a

unique record.

3. Data analyses

Sampling effort was evaluated using a species accumulation

curve (Magurran 2004) with 1000 simulations; the curve was

based on sampling events, considering each month as a sample.

Expected richness was obtained through the nonparametric

estimator Jackknife 2. This estimator is suitable for the analysis

of communities with low evenness among species (Brose et al.

2003), which is the case of the studied group, and had a good

performance in a study carried out with these mammals in the

Amazon (Tobler et al. 2008). All the analyses were carried out

using EstimateS 8.2.2 (Colwell 2006).

For each species we recorded the degree of threat using

Bergallo et al. (2000) for the state of Rio de Janeiro, Chiarello

et al. (2008) for the Brazil and the International Union for

Conservation of Nature (IUCN 2012) for globally threatened

species.

Results

Considering all the methods used and an effort of 1589

cameras-days and 120 km of transects, we obtained 302

independent records from 22 species, belonging to eight orders

and 15 families of medium and large-sized mammals (Table 1).

Twelve species were detected using camera traps, 16 with the

sign surveys and five were visual encounters. Only one species

(Nasua nasua) was detected by the three methods. Camera traps

and transects recorded 10 species in common. Two species were

exclusively detected by camera traps, six in the sign surveys and

four by visual encounters (Table 1).

Among the species recorded, eight were to order Carnivora

(36.4%), three Cingulata (13.6%), Primates (13.6%) and

Rodentia (13.6%), and two were Pilosa (9.1%). One species of

family Didelphidae (4.5%), Tayassuidae (4.5%) and Leporidae

(4.5%) were also registered (Table 1). Besides that, other two

species of native mammals were observed; the brown-four-

eyed-opossum Metachirus nudicaudatus (Desmarest, 1817) and

the Ingram’s squirrel Guerlinguetus ingrami (Thomas, 1906). In

addition, the exotics Callitrix jacchus (Linnaeus, 1758) and

Canis lupus familiaris (Linnaeus, 1758) (two individuals) were

also recorded.

Considering all the types of records, the species with the

higher number of observations were the cougar Puma concolor

and the nine-banded-armadillo Dasypus novemcinctus

(Figure 1).

Figure 1 Number of independent records for the 22 species of medium and large-sized mammals recorded by camera traps, sign surveys and visual
encounters at the Reserva Ecológica de Guapiaçú (REGUA), Cachoeiras Macacu, Rio de Janeiro.

Figure 2 Species accumulation curve (dashed line) and expected richness
(solid line) - obtained from the nonparametric estimator Jackknife 2 - to
medium and large-sized mammals of the Reserva Ecológica de
Guapiaçú, Cachoeiras de Macacu, RJ. Data obtained by camera traps,
sign surveys and visual encounters. The bars indicate the standard
deviation of each mean value.
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Seven species (31.8%) have only one record (Alouatta

guariba, Brachyteles arachnoides, Bradypus variegatus, Galictis

cuja, Lontra longicaudatus, Coendou insidiosus and Sylvilagus

brasiliensis), obtained through the signs surveys or visual

encounters.

The accumulation curve did not reaches an asymptote and

the expected richness was 31.1 species (Figure 2).

Considering the degree of threat, five species (22.7%) were

present in the list of the threatened fauna of the Rio de Janeiro

state, while three (13.6%) are in risk at Brazil and one (4.5%),

the Southern muriqui Brachyteles arachnoides, is globally

threaten (Table 1).

The species richness found at REGUA was comparable to

the registered in other areas harboring the Rain Atlantic

Forest, including higher protected areas (Table 2).

Discussion

Besides the 22 species found in this study, the jaguarundi

Puma yagouaroundi (É. Geoffroy, 1803), the margay Leopardus

wiedii (Schinz, 1821) and the capybara Hydrochoerus hydro-

chaeris (Linnaeus, 1766) were also previously detected at

REGUA (Pimentel 2005, Rocha et al. 2005). Summing these

three species, the area harbor 39% of the Atlantic Forest

medium and large-sized mammal species and 75.7% of those

from Rio de Janeiro state (Rocha et al. 2004).

A failure in the detection of the two feline species mentioned

above could be due to two non-excludent reasons, (1) their

naturally low population densities (Lyra-Jorge et al. 2008,

Almeida et al. 2013), and (2) the high frequency of Puma

concolor and Leopardus pardalis in several trails, whose

presence has been negatively related to the occurrence of these

species (Oliveira et al. 2010, Oliveira 2011, Oliveira-Santos et al.

2012). In addition, for L. wiedii, trail characteristics - which

were more open, wide and managed than the preferred by the

species –– could have contributed to this result (Goulart et al.

2009). For H. hydrochaeris the absence of favorable habitats in

the trails - as swampy areas - could explain why this species was

not detected in this study (Ferraz et al. 2006).

The existence of non-detected species and the higher

number of species registered only once (31.8%) can be

responsible to the non-establishment of the rarefaction curve.

These data suggest that these species are rare in the studied

area. However, this result could also be due to sampling

problems. The use of camera-traps outside the trails and in

other habitats (in the canopy, closer to water courses, for

example), and night transects in future studies are necessary to

clarify this (Harmsen et al. 2010, Melo et al. 2012).

Table 2 Inventories of medium and large-sized mammals in dense Atlantic Rainforest and their respective areas of study, richness, sampling efforts
and monitoring methods. LT = linear transect; VI = visualization; SS = sign surveys; CT = camera traps; IN = interviews; SP = sand plot.

State and Local
Area

(ha)
Richness

Sampling effort

(months)
Methods Reference

Rio de Janeiro

Reserva Ecológica de Guapiaçú

(REGUA)

7300 22 10

CT

SS

VI

This study

Alagoas

Usina Serra Grande
8000 22 6

LT

VI

SS

CT

IN

Fernandes 2003

Rio de Janeiro

Parque Nacional da Serra dos Órgãos
11800 34 7

LT

VI

SS

CT

IN

Cunha 2004

Espı́rito Santo

Anchieta
390 11 24 VI Passamani et al. 2005

SS

São Paulo

Reserva Florestal Morro Grande
10870 14 5

SP

LT

Negrão & Valladares-

Pádua 2006

Rio de Janeiro

Parque Estadual do Desengano
22400 22 1

VI

SS

CT

Modesto et al. 2008b

Santa Catarina

Reserva Ecológica Caraguatá
4200 16 17 CT Goulart et al. 2009

Santa Catarina

Parque Estadual da Serra do Tabuleiro
5000 13 17 CT Goulart et al. 2009

Rio de Janeiro

Parque Nacional da Serra da Bocaina
104000 18 2

LT

CT
Delciellos et al. 2012

Rio de Janeiro

Parque Estadual da Ilha Grande
14572 11 15 CT Lessa, 2011
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The observed richness (22 species) represented 70.8% of the

estimated one (31.1 species). As the number of species known to

the region is 33 (Rocha et al 2004), the use of Jacknife 2 seems

to have been adequate to the studied community, corroborating

the results found by other authors (Brose et al. 2003, Tobler et

al. 2008).

The species with the higher number of records were P.

concolor and D. novemcinctus. Both species are habitat

generalists, occurring both in preserved and anthropized areas

(Dickson et al. 2005, Andrade-Nuñez & Aide 2010, Mazzoli

2010, Canale et al. 2012). The large home range sizes of P.

concolor (100––220 Km2, Mazzoli 2010) and the difficulty of

differentiate individuals (Oliveira-Santos et al. 2010), however,

can have contributed to their elevated number of records.

Considering D. novemcinctus, the foraging behavior can have

inflate the number of records as a single individual moves long

distances leaving several marks (Neck 1976, Mcbee & Backer

1982).

Habitat restricted species, that occur preferentially in

preserved areas were well represented at REGUA. Among

them are Pecari tajacu, Cuniculus paca and L. pardalis that are

classified as vulnerable in the state and national red lists

(Table 1). The first two are game species (Peres 1996, Cullen et

al. 2001) that can maintain viable populations in the area due to

the protection actions carried out by the owners and their

employees.

Didelphis aurita, which is considered an indicator of

disturbed habitats (Bergallo 1994), was less abundant here

than in others studies (e.g. Gaspar 2005, Negrão & Valladares-

Pádua 2006, Srbek-Araújo & Chiarello 2007). This result

enhances the degree of forest conservation, as this species is

generally more abundant is areas where top predators are

absent (Fonseca & Robinson 1990).

The absence of the deer species (Mazama Rafinesque,

1817), white-lipped peccary (Tayassu pecari Link, 1795) and

tapir (Tapirus terrestris Linnaeus, 1758) were the most

apparent; in the last 10 years species were not detected in the

area. For T. pecari there is an anecdotal observation by an

employee recorded over 50 years, when according to him whole

herds were hunted. For Mazama spp. and T. terrestris, the last

records where those carried out by naturalists that visited the

region in the century XIX (Miller et al. 2006). Habitat

fragmentation and principally over hunting must have con-

tributed to the local extinction of these species at the REGUA,

as found in other Atlantic Forest regions (e.g. Chiarello 2000,

Canale et al. 2013).

The fact that the number of medium and large-sized

mammals species found at REGUA was comparable inclusive

to large protected areas could be due to the formed continuum

with the Parque Estadual dos Três Picos. However, the

management and protection of the area by its owners is

fundamental to maintain the populations of these animals. The

creation of private reserves has been an important strategy for

biodiversity conservation in Brazil (e.g. Schiavetti et al. 2010,

Negrões et al. 2011). At REGUA, as in other private reserves,

the surveillance is done generally by locals, mostly former

hunters, who know the region well and are able to keep

gatherers and hunters away. The number of species, including

cinegetic and endangered ones makes REGUA important to

the conservation of medium and large-sized mammals in the

state and a stocking area to future recolonizations of regions in

their surroundings.
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CROUZEILLES, R., LORINI, M.L. & GRELLE, C.E.V. 2010.

Deslocamento na matriz para espécies da Mata Atlântica e a
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D. Reproduction of the silver John dory Zenopsis conchifer (Actinopterygii: Zeiformes) based on virgin
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Abstract: This study describes the reproduction of the silver John dory, Zenopsis conchifer, based on data

collected before its fishery exploitation in the southwestern Atlantic, Brazil, in the early 2000s. Biological

material was collected through bottom-trawl surveys in 2001 and 2002 from depths of 100 to 600 m. A

total of 1,056 individuals ranging from 57 to 504 mm Ls were analyzed. A sex ratio analysis showed that

males were predominant among the shorter fishes (, 240 mm Ls) and females among the longer ones

(. 320 mm Ls). Between 240 mm and 319 mm Ls sex-ratio was 1:1. The silver John dory is a multiple

spawner. Spawning is protracted and more intensive during August and November, when both females

and males in spawning capable actively spawning and in regression/regeneration stages were

predominant. In this period average values of gonadosomatic index were also higher. For both sexes,

the first maturation occurs at 220 mm Ls and at 240 mm Ls all fish can be considered adult. The

recruitment apparently takes place from February to May. The length-weight relationships fitted to all

specimens and for both sexes yielded b coefficients of ,2.7. The virgin stock of Z. conchifer here

characterized, may serve a basis for future studies on the effects of fisheries on the reproduction of the

species.

Keywords: spawning period and area, length at first maturation, sex ratio, gonadosomatic index.

VAZ-DOS-SANTOS, A.M., ROSSI-WONGTSCHOWSKI, C.L.D.B., HONJI, R.M., BANNWART,

D. Reprodução do peixe galo-de-profundidade Zenopsis conchifer (Actinopterygii, Zeiformes) baseada em

um estoque virgem. http://dx.doi.org/10.1590/1676-06032014006913

Resumo: O presente estudo descreve a reprodução do peixe galo-de-profundidade, Zenopsis conchifer, a

partir de dados pretéritos a sua explotação pesqueira no Atlântico Sudoeste, Brasil, iniciada nos anos

2000. As coletas foram realizadas durante cruzeiros de prospecção pesqueira com arrasto-de-fundo em

2001 e 2002, em profundidades entre 100 e 600 m. Um total de 1056 exemplares (comprimento padrão

entre 57 mm e 504 mm) foi examinado. A proporção sexual mostrou que machos predominam em

comprimentos inferiores a 240 mm, que entre 240 mm e 319 mm a proporção é de 1:1 e que fêmeas

predominam a partir de 320 mm. O peixe galo-de-profundidade apresenta desova múltipla, mais intensa

entre agosto e novembro, quando predominam fêmeas e machos desovantes ativos e em regressão/

regeneração. Neste perı́odo foram registrados os maiores valores do ı́ndice gonadossomático. Para ambos

os sexos a primeira maturação se dá aos 220 mm de comprimento padrão e com 240 mm os indivı́duos

são considerados adultos. O recrutamento de jovens para o estoque adulto foi mais intenso entre

fevereiro e maio. Os valores dos coeficientes b das relações comprimento peso ajustadas para todos os

peixes e por sexo ficaram em torno de 2,7. As condições do estoque virgem de Z. conchifer aqui

caracterizadas podem servir como um referencial para futuros estudos sobre os efeitos da pesca na

reprodução da espécie.

Palavras-chave: época e área de desova, comprimento de primeira maturação, proporção sexual, ı́ndice

gonadossomático.
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Introduction

The silver John dory, Zenopsis conchifer (Lowe 1852)

(Zeiformes: Zeidae), is a benthopelagic species found in the

Indian and Atlantic Oceans. In the Atlantic, this species occurs

along the east coast of the Americas from Nova Scotia, Canada

to Tierra del Fuego, Argentina (Froese & Pauly 2013). This zeid

fish is found along the Brazilian coast (Menezes et al. 2003),

with higher biomass (almost 14,000 tons) occurring on the

continental shelf and slope of southeastern and southern Brazil

(21-346S) (Haimovici et al. 2008).

The first published data on the silver John dory fishery

dates back to the 1990s, when FAO statistics detailed the

catches of the United States and Portugal fleets (Sibeni &

Calderini 2012). Between 2001 and 2010, the average annual

Portuguese catch reached 26 tons, whereas the American

catches averaged 46 tons. In Brazil, the species became a target

of the trawl fleet in 2001, and the catches reached a peak of 147

tons in 2003 (Perez & Wahrlich 2005, Valentini & Pezzutto

2006). After this increase, the landings decreased steadily to 17

tons in 2008 (UNIVALI/CTTMar 2009), increasing again and

remaining at approximately 40 tons in 2009 and 2010

(UNIVALI/CTTMar 2011). In the bottom trawl surveys

conducted during the Brazilian Program for the Assessment

of the Exclusive Economic Zone (REVIZEE Program, 1996-

2006) (BRASIL 2006), Z. conchifer represented the second-

ranked species in terms of weight and was considered a

potential resource (Haimovici et al. 2008).

Despite the commercial importance of the silver John dory,

almost all previous studies of this species biology were

restricted to its distribution and occurrence (Froese & Pauly

2013). Its life cycle and habitats in the northeastern Atlantic

were analyzed (Zidowitz & Fock 2004, Fock & Zidowitz 2004).

In Brazilian waters, the silver John dory was studied in terms of

distribution and occurrence (Vazzoler & Iwai 1971, Figueiredo

& Menezes 1980) fishery potential (Yesaki et al. 1976,

Haimovici et al. 1994, Perez 2006), larval development (Weiss

et al. 1987), diet (Muto et al., 2005) gonad maturation (Vaz-

dos-Santos 2009) and biological aspects based on harvesting

(Martins & Schwingel 2012). The ecological importance of the

silver John dory deserves attention. It is a predator on fishes

and feeds primarily in pelagic environments and it is consumed

by important species as Trichiurus lepturus (Muto et al. 2005)

and Thunnus albacares (Vaske & Castello 1998). Its ecological

strategy resembles that of other species of fishery importance,

such as M. hubbsi and other demersal fishes (Gasalla et al.

2007). Changes in the species composition of the ecosystem of

Southeastern-Southern Brazil due to fisheries pressure

enhanced Z. conchifer landings (Perez et al. 2003, Perez 2006,

Kolling et al. 2008).

Zenopsis conchifer occurs mainly in the upper slope and

secondly at the shelf break and although it makes vertical

migrations in the water column to feed on pelagic items (Muto

et al. 2005), it is strongly associated with the bottom. Few small

specimens were documented (n = 64; lengths 16-185 mm Lt) in

the water column based on collections with midwater trawls

between depths of 50 and 400 m (Figueiredo et al. 2002),

whereas a larger number of fish was caught in bottom trawls (n

= 14,503; 30-974 mm Lt) (Bernardes et al. 2005, Haimovici et

al. 2008). The industrial fleet also uses bottom trawls (Perez &

Warhlich 2005, Valentini & Pezzutto 2006, Perez & Pezzutto

2006).

An understanding of reproduction is fundamental to a

better understanding of the long-term persistence and stability

of a given stock (Moyle & Cech 2004, Fonteles-Filho 2011).

Quinn II & Deriso (1999) emphasize the importance of

knowledge on the reproductive processes of a species and the

applications of this information to stock assessment and

biomass estimation. The reproduction process analysis allows

for a better understanding of the reproductive strategy of a

species, allowing the identification of spawning areas/periods

and the estimation of the length at first maturation (Wootton

1998). Several techniques are used in fish reproduction studies

(Vazzoler 1996) to improve the understanding of the effect of

fishing (and others) on the abundance of the species (Núñez &

Duponchelle 2009). This information facilitates the implemen-

tation of management measures, such as the determination of

fishing exclusion areas, minimum sizes of capture, temporal

restrictions, biomass and catchability (Vincent & Sadovy 1998).

Despite the increasing importance of Z. conchifer as a

fishery resource off southern Brazil, information about the

species in the Atlantic Ocean is scarce. Haimovici et al. (2008)

first pointed out that the reproductive cycle of the species in the

southwestern Atlantic involves continuous maturation and

spawning over the entire year. In order to understand the

reproductive biology of Z. conchifer, this study aims to analyze

the reproduction of the species (sex ratio, length-weight

relationship, recruitment, spawning period and area, and length

at first maturity) off southeastern Brazil.

Materials and methods

1. Study area

The study area comprises the region between Cabo Frio

(236S), Rio de Janeiro State, and Cabo de Santa Marta Grande

(28640’S), Santa Catarina State, at depths between 100 and 600,

m from the edge of the continental shelf to the upper slope

(Figure 1). Three water masses are present in the area and at

these depths. Tropical Water (TW), with temperatures above

Figure 1. Capture locations for Zenopsis conchifer after bottom-trawl
surveys conducted in 2001-2002.
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206C, salinity exceeding 36.4 and chlorophyll-a concentrations

between 0.05-0.37 mg.l-1 is found from the surface to depths of

approximately 200 m. South Atlantic Central Water (SACW),

with temperatures between 6-206C, salinity between 34-36.4

and 0.10-2.77 mg.l-1 of chlorophyll-a is found between 200-500

m (Silveira et al. 2000, Castro et al. 2006, Gaeta & Brandini

2006). Antarctic Intermediate Water (AIW), with temperatures

between 3-66C and salinity between 34.2 and 34.6, is found

below 500 m (Castro et al. 2006). Sandy sediments are

predominant on the continental shelf, and muddy sediments

are found from the shelf break to the continental slope

(Figueiredo & Madureira 2004). In terms of harvesting, the

Southeastern-Southern of Brazil is the most productive area of

the coast, sustaining annual catches between 200,000-300,000

tons (BRASIL 2006, Valentini & Pezzutto 2006, MPA 2011).

Pelagic and demersal species have been targeted by the

commercial fleet, emphasizing the growing importance that

deep-sea species, such as Z. conchifer, have acquired from the

2000s on (Perez et al. 2009, UNIVALI/CTTMar 2011)

2. Data source and analysis

Samples were collected through bottom-trawl surveys

conducted aboard the R/V Soloncy Moura (CEPSUL/

IBAMA) in connection with the REVIZEE Program. The area

between 236S and 28640’S was sampled in 2001 and 2002

(except in December/January) at depths ranging from 100 to

600 m (Figure 1). Descriptions of the fishing gear and catch

operations appear in Bernardes et al. (2005), and details of the

bottom trawl nets appear in Haimovici et al. (2008). The total

catch included 14,000 specimens of Z. conchifer (Haimovici et

al. 2008). A subsample of 1,056 fish was retained for biological

studies.

Fish standard lengths (Ls, in millimeters), total body

weight (Wt, in grams) and gonad weight (Wg, g) were

obtained. Sex identification and gonadal maturation was

accurately identified by Vaz-dos-Santos (2009) and, for the

purposes of this study, the revision and updates on the theme

of Núñez & Duponchelle (2009) and Brown-Peterson et al.

(2011) were taken into consideration. Young fish showing

incipient gonad development were recorded as not identified

(NI). Z. conchifer presents asynchronous oocyte development

and multiple spawning. Based on histological analysis, the

female maturation data available included: immature (A),

developing (B), spawning capable early development (C),

spawning capable actively spawning (D) and regressing/

regeneration (R) (Table 1). For the male samples, data

available of gonad maturation was based on stereomicro-

scopic analysis and individuals were considered immature (A),

developing (B), spawning capable (C) and regressing/regener-

ating (R) (Table 1).

The Z. conchifer length-frequency data (20 mm Ls) was

examined in relation to depth strata of 100 m intervals. The

standard lengths of the males, the females and the NI specimens

were analyzed bimonthly due to the aforementioned lack of

samples in the months of December and January. The sex ratio

was obtained bimonthly and by standard length classes.

Deviations from the expected 1:1 sex ratio were analyzed with

a chi-square test (Zar 2010).

The length-weight relationships were estimated according to

the standard potential model Wt= a.Lsb (Huxley 1993) for all

Table 1. Zenopsis conchifer: gonadal maturation stages for females (histological analysis) and males (macroscopic analysis).

Stage Description

Females
Immature (A) (never

spawned)

Ovaries with predominance of perinucleolar oocytes and some cortical alveolar cells in the

ovigeran lamellae.

Developing (B) Maturation starts and various types of cells were present in the ovaries: perinucleolar oocytes,

oocytes with cortical alveoli, with initial vitellogenesis and with complete vitellogenesis. Oocytes

with cortical alveoli predominate followed by initial vitellogenesis; the others were present in low

frequencies.

Spawning Capable Early

Development (C)

Oocytes with initial and complete vitellogenesis cells predominate, although perinucleolar oocytes

and some with cortical alveoli are present. Two situations were identified: (i) ovaries showing

initial maturation in which most of the oocytes were in initial vitellogenesis, followed by oocytes

with complete vitellogenesis; (ii) mature ovaries with predominance of oocytes with complete

vitellogenesis and some undergoing hydration.

Spawning Capable Actively

Spawning (D)

Hydrated oocytes predominate followed by oocytes with complete vitellogenesis; many ovaries

contained post-ovulatory follicles as a consequence of recent spawning. Oocytes in the other

phases were also observed in low frequencies.

Regressing / Regenerating

(R)

Oocytes in all phases were present but perinucleolar and oocytes with cortical alveoli

predominated, as in the immature ovarian, but differing from it by the presence of some oocytes

with completed vitellogenesis, hydrated oocytes and post-ovulatory follicles.

Males
Immature (A) (never

spawned)

Testicles were thin and cylindrical, occupying little portions of the coelom cavity, internally

translucent yellowish/albescent.

Developing (B) Maturation starts and testicles were larger and triangular (sectioned), whitish and firm, with a

milky aspect.

Spawning Capable (C) Testicles were large and developed, with various lobules, white.

Regressing / Regenerating

(R)

Testicles still remain large, but presenting diverse degrees of flaccidity, sometimes almost empties.

In some cases, regeneration leading to developing stage was observed.
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the fish and for the males and females separately using the

iterative least squares method. A covariance analysis was used

to compare the regressions between sexes. The b coefficients of

the model were compared with a standard value of 3 to assess

isometry. The statistical procedures adopted were based on

Sokal & Rohlf (1995) and Zar (2010). A 95% confidence level

was applied to all statistical procedures.

The reproductive cycle of Z. conchifer was characterized

based on the frequency of gonadal maturation stages analyzed

(i) per period (bimonthly) and (ii) per area (degree of latitude)

(Fonteles-Filho 2011). In both analyses, the frequencies were

compared with a Kolmogorov-Smirnov test (Zar 2010). For

the females, once that staging was based on histological

analysis, we used the reproductive phases available. For the

males, once that staging was based on stereomicroscopic

analysis, we classified the fish as young (immature) or adult

(B ++ C ++ R stages together). In addition, the average

gonadosomatic index values (GSI = Wg / Wt 6 100)

(Wootton 1998) were calculated for the sexes separately,

using only adults (excluding immature and young fish with

unidentified sex) and then compared with a two-way ANOVA

(period and area) for the females and a one-way ANOVA

(period) for the males. The ANOVA was followed by a Tukey

test (Zar 2010).

The average length (L50) at first maturity and the length at

which 100% fish reach the maturity (L100) were calculated by

adjusting a logistic curve (King 2007) using the iterative

least squares method to adult length frequencies grouped by

20 mm length classes for females and males. The immature

ones were considered young while the other stages of

maturation were considered adults. The formulae used was:

Pi = 1/{1++e[-r(Li-L
50

)]} where Pi is the proportion of adults at

length class Li, r is the slope of the curve and Li is the inferior

limit of length class (King 2007).

In order to allow comparisons among the present results

with other ones, the relationship Lt = 2.094 ++ 1.214 Ls (r2 =

0.995; 57-504 mm Ls) can be used to convert lengths (Vaz-dos-

Santos 2009).

Results

A total of 1,056 individuals of Z. conchifer, with standard

lengths ranging from 57 to 504 mm Ls (mean value and

standard deviation 228.27 ± 116.14 mm Ls), were sampled. The

silver John dory was collected primarily on the upper slope,

occupying depths from 200 m until 600 m. Young and smaller

fish (, 200 mm Ls) were common from inshore to the 200 m

isobath (mostly around the 100 m strata). The silver John dory

became rare at depths greater than 500 m, where only one fish

was captured (it was not plotted) (Figure 2). A total of 136

specimens comprised young fish with unidentified sex (these

specimens were considered immature) (Lsaverage = 85.88 mm);

425 specimens were male (Lsaverage = 212.17 mm) and 495

female (Lsaverage = 282.50 mm). Young fish with unidentified

sex were collected mainly between February and May (n = 131)

and only five specimens in August/September. Males and

females were collected during all samplings, except in

December/January, due to the absence of sampling (Figure 3).

The sex ratio analysis by length classes showed that: males

were predominant (2:1) at small lengths (, 240 mm Ls);

females were predominant (2:1) at lengths greater than 320 mm

Ls and; equal proportions of both sexes occurred between 240

mm and 319 mm Ls (x2 = 110.42, P , 0.001). Females

predominated over the year (x 2 = 38.40, P , 0.001) except in

February/March. From February through May, young fish

(immatures) were abundant (Figure 3).

The length-weight relationships were Wt = 1.12 6 10-4

Ls 2.702 (r2 = 0.992; n = 1,056) for all fish, Wt = 1.31 6 10-4

Ls 2.678 (r2 = 0.987; n = 495) for females and Wt = 1.29 6 10-4

Ls 2.673 (r2 = 0.991; n = 425) for males. The slope of the

regression showed negative allometry in all cases (P , 0.001).

There were significant differences between models of females

and males (F = 0.034, P = 0.854 for coefficient b and F =

17.459, P , 0.001 for coefficient a).

Fish at different stages of maturation were collected during

all months (Figure 4). Females and males predominated in the

samples between August and November when spawning was

Figure 2. Zenospsis conchifer: length frequency distribution by depth of fish sampled for biological studies (n = 1,056).

4 Biota Neotrop

Vaz-dos-Santos A.M. et al.

http://www.scielo.br/bn http://dx.doi.org/10.1590/1676-06032014006913

., 14(3): e20130069, 2014



more intensive. During that period high frequencies of

spawning capable actively spawning (D) and regressing/

regeneration (R) females (together) were observed

(Figure 4a). A significant increase in their proportion was also

observed in August/September and October/November

(Table 2). High frequencies of adult males, dominating the

samples, were also recorded (Figure 4b). Between February and

July, the presence of fish of unidentified sex (younglings)

(Figure 3) and immature females and males in larger propor-

tions (Figure 4) indicates that recruitment occurs during this

period. The increase of immature females in April/May

(Figure 4a) and the decrease in the proportion of immature

males in June/July (Figure 4b) were significant (P-value , 0.05,

Table 2).

Both young (immature) and adult (in all maturation stages)

females and males were found at all latitudes (Figure 5),

suggesting that spawning does not occur at one specific site.

Immature females and males were highly abundant at 256S,

and immature males also occurred at 27oS (Table 3).

The GSI ranged between 0.1% and 14.3% of the Wt in

females (5% on average) and between 0.04% and 6.9% of the Wt

in males (0.5% on average). Females and males had a similar

pattern of GSI variation (Fig. 6). For both sexes, GSI was

higher in the second half of the year (June/July for females and

October/November for males). The lowest GSI values were

found between February and May (during the first half of the

year) for females. For males, lowest values extended until

August/September. The ANOVA of the female mean GSI

values showed an interaction between area and period (F =

12.47, P , 0.001). The corresponding ANOVA for males

showed only an effect of period (F = 4.38, P , 0.001).

The length at first maturity for both females and males was

L50 = 220.00 mm Ls (slope value of r = 0.5). The values of L100

= 240.00 mm Ls, for males and females. The bimodal frequency

distributions showed a clear division between the modal values

of young adults and immature fishes (Figure 3).

Discussion

The current study is the first to investigate the reproductive

biology of a silver John dory virgin stock. As mentioned earlier,

prior to the current study, there are few references (Haimovici

Figure 3. Zenopsis conchifer: bimonthly frequencies distribution of fishes by standard length classes by sex (NI –– not identified; M –– males; F ––
females).
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et al., 2008; Vaz-dos-Santos, 2009; Martins and Schwingel,

2012) about the theme, which restricts comparisons.

The results of sex ratio revealed the intrinsic pattern of Z.

conchifer in the area, which constitutes an essential element for

understanding the structure of these schools structure (Walters

& Martell 2004). The higher proportion of females observed in

larger length classes is probably due to a differential growth

rate, because there was neither evidence of aggregations during

the spawning period nor spatial segregation according to length

or to stages of maturation as suggested by Vazzoler (1996).

Similarly, at the beginning of the 2000s, when harvesting over

the species started, specimens caught had lengths of 81-525 mm

Ls and females also predominated in the majority of length

classes (Martins & Schwingel 2012). Parity of sexes occurred at

Figure 4. Zenopsis conchifer: females (a) and males (b) bimonthly frequency of maturation stages (the numbers above the columns indicate the
number of individuals analyzed; for females: A –– immature, B –– developing, C –– spawning capable early development, D –– spawning capable actively
spwaning, R –– regression/regeneration).

Table 2. Zenopsis conchifer: Kolmogorov-Smirnov test results for the frequency distribution of fish by period (asterisks indicates significant
differences).

Sex Statistics Aug/Sep vs. Oct/Nov Feb/Mar vs. Apr/May Apr/May vs. Jun/Jul

Females x2
KS 69.114 85.809 33.489

P-value 0.0316* 0.0137* 0.1874

Males x2
KS 37.661 0.9216 324.235

P-value 0.1521 0.6308 , 0.0001*
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the same length classes both in the virgin stock (present results)

and those in the initial exploitation (Martins & Schwingel,

2012).

The sex ratio and the sex-specific length-frequencies pattern

shown by Z. conchifer were similar to those of other species that

inhabit deep regions of the area surveyed and are targeted by

double rigged trawlers (Perez & Pezzutto 2006). Females of

greater length are predominant in Lophius gastrophysus (Lopes

& Schwingel 2006), Merluccius hubbsi (Vaz-dos-Santos &

Rossi-Wongtschowski 2005, 2007) and Urophycis mystacea

(Haimovici et al. 2006). This pattern is known as the bigger-

deeper and smaller-shallower paradigm (sensu Macpherson &

Duarte 1991) and Martins & Schwingel (2012) discussed it.

These authors have argued favoring this paradigm (reduction in

the competition, food availability and optimization of meta-

bolism) and others adding new elements to explain differential

Figure 5. Zenopsis conchifer: females (a) and males (b) frequency of maturation stages by latitude (the numbers above the columns indicate the
number of individuals analyzed; for females: A –– immature, B –– developing, C –– spawning capable early development, D –– spawning capable actively
spawning, R –– regression/regeneration).

Table 3. Zenopsis conchifer: Kolmogorov-Smirnov test results for the frequency distribution of fish by area (degree of latitude) (asterisks indicates
significant differences).

Sex Statistics 23oS vs. 24oS 24oS vs. 25oS 25oS vs. 26oS 26oS vs. 27oS

Females x2
KS 13.720 160.146 267.264 19.083

P-value 0.50 0.0003* , 0.0001* 0.38

Males x2
KS 47.480 133.028 325.447 596.467

P-value 0.0931 0.0013* , 0.0001* , 0.0001*
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distribution (free movements along water column, optimal

environmental conditions and restriction of depth due to

fishery). Our results reinforce the observations of Martins &

Schwingel (2012), showing large adults of Z. conchifer also

occurring at 100-200 m strata of depth.

The length-weight relationships data analysis yielded a

value of approximately 2.7 for the allometric coefficient (b).

This value reflects the laterally compressed body shape of the

silver John dory, a schooling species with a low body volume

and a carangid swimming pattern (Pough et al. 2008). Length-

weight relationship values for Z. conchifer are available in

Haimovici & Velasco (2000) for southern Brazil (a = 1.42 6 10-5

and b = 2.9549). For southeastern and southern Brazilian waters,

Madureira & Rossi-Wongtschowski (2005) presented estimates

for sexes pooled (a = 1.17 6 10-4 and b = 2.627) and Martins &

Schwingel (2012) for sexes separated (a = 5 6 10-5 and b = 2.758

for females and a = 5 6 10-5 and b = 2.696 for males). These

values are consistent with the pattern found by this study in

terms of length-weight relative growth.

The silver John dory is a multiple spawner fish (Vaz-dos-

Santos 2009). The recovery of the gonads (especially the

ovaries) led to the long spawning period observed, extending

that observed by Martins & Schwingel (2012). The use of two

techniques combined (maturation ++ GSI) allow to identify the

breeding season in multiple spawners (Núñez & Duponchelle

2009) and the results of females, whose ovaries were staged by

histology (Vaz-dos-Santos 2009), were considered more refined

than males. Most studies on fish reproduction have been still

detailing only females (Núñez & Duponchelle 2009, Lowerre-

Barbieri et al. 2011) due to their more significant contribution

to the recruitment (see Palumbi 2004). In this regard, Lowerre-

Barbieri et al. (2011) call attention to the effects of an extended

spawning season that leads to a wide range of hatchings and

increases individual and population reproductive success.

Figure 6. Zenopsis conchifer: bimonthly average GSI and confidence interval for (a) females (n = 331) and (b) males (n = 202).
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Larger females also ensure better oocytes and then eggs

(Palumbi 2004). Our results do not allow to evaluate that, but

it seems that these considerations apply to Z. conchifer.

Longhurst & Pauly (2007) cite other species with an

extended reproductive cycle, a usual pattern common to species

with asynchronous oocyte development and multiple spawning

(West 1990, Rocha & Rocha 2006), such as Z. conchifer. The

occurrence of Z. conchifer larvae in the oceanic area from

October through December (Katsuragawa 2007) supports our

findings about the period of relatively intensive spawning of the

silver John dory in the area studied. Katsuragawa’s (2007)

results suggest that the spawning of the species in southern

Brazilian waters depends on the intrusion of warm waters,

which become more constant in springtime (Castro et al. 2006).

Weiss et al. (1987) investigated the larval development of Z.

conchifer in southern Brazil. They found larvae at water

temperatures between 17.56C and 23.46C and salinities between

32.2 and 36.6 (Tropical Water and some mixture of water

masses) from July through November on the shelf break and

upper slope. The authors of that study suggested that the

reproduction of Z. conchifer in southern Brazilian waters was

related to the warm and saline conditions of the Tropical

Water, contrary to the environmental conditions at which the

adults inhabits, once that our results showed the silver John

dory occurring mainly associated with the cold nutrient-rich

waters of the South Atlantic Central Water (SACW).

In relation to spawning period, in the southwestern Atlantic

other teleost species living on the shelf break reproduce at the

same time as Z. conchifer. Ariomma bondi usually spawn

between March and October (Vaz-dos-Santos et al. 2013).

Lopholatilus villarii spawns from September to December

(Ávila-da-Silva & Haimovici 2005). Lophius gastrophysus shows

a spawning peak between July and October (Lopes & Schwingel

2006). Urophycis mystacea spawns in July and August

(Haimovici et al. 2006). All of the authors quoted above found

difficulties to relate spawning to environmental characteristics.

However, Cury & Pauly (2000) remark that periods of better

productivity favor egg and larval survival during the austral

spring and summer. In this way, the Brazil Currents water flow

and the higher intensity of the upwelling during spring and

summer could create more favorable conditions for larval

survival (Braga & Niencheski 2006).

The use of a precise scale to staging ovaries (Vaz-dos-Santos

2009) was essential to assess the first maturity (Núñez &

Duponchelle 2009). The first maturity affects generation time,

influences the intrinsic rate of population growth, constitutes a

biological reference for harvesting and is used to estimate

spawning stock biomass (Longhurst & Pauly 2007, Lowerre-

Barbieri et al. 2011). It occurs when there are metabolic

conditions to somatic and reproductive growth, represented by

a ratio (from 0.4 to 0.9) between the L50 and the L‘ (Longhurst

& Pauly 2007). Although there is no available information

about Z. conchifer growth, a gross estimate of 0.44 (L50/

Lsmaximum) follows the general patterns stated by Longhurst &

Pauly (2007), with the lowest values associated to the largest

fishes.

The values of first maturity obtained here came from the

virgin stock and constitute a referential, but they may change

due to harvesting and they must not be used as a statical

reference (Lowerre-Barbieri 2009). For example, in the same

fishery of Z. conchifer this fact occurred with Merluccius hubbsi,

whose first maturity suffered an alarming decrease due to

overexploitation (Vaz-dos-Santos et al. 2005, 2009). Martins &

Schwingel (2012) estimated the L50 value for females (245 mm

Ls corresponding to 311 mm Lt), higher than the value

presented. This difference was probably methodological, once

authors did not included maturing (similar to our developing

stage) in their calculations.

This study provides the first information about the

reproductive biology of a virgin stock of the silver John dory.

The results of the study show that the species exhibits a strategy

similar to that of other teleost fishes in the area. These patterns

consist of the occupation of deeper regions by older and larger

fish, particularly females, a long period of spawning and the

alternation of intense periods of recruitment and spawning.

These results must be taken into consideration for evaluating

the status of the Z. conchifer population and the effects of

fisheries on the stock.
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Abstract: Eunotia is a highly diverse diatom genus in the Neotropics. Considerable morphological

variability of the valve showed in several species of the genus resulted in a quite confused taxonomy.

Twelve Eunotia taxa attached to Podostemum spp. were investigated using the light microscopy (LM).

Additionally, scanning electron microscopy (SEM) was used in order to investigate the fine morphology

of most abundant taxa. Samples were collected from four rivers from the State of Santa Catarina between

March 2009 and July 2010. The freshwater diatom flora from this south Brazilian state is poorly known

in relation to its neighboring states. Eunotia biseriatoides has intermediate features between Eunotia and

Perinotia, and the circumscription of these genera is discussed here. Eunotia odebrechtiana is very similar

in morphology to E. biseriatoides, and the synonymy is proposed, as well as the transfer of the variety E.

odebrechtiana var. essequiboensis to the species E. biseriatoides. The fine structure of E. epithemioides is

showed for the first time in SEM, revealing the unusual position of the rimoportula in this genus. A new

variety, E. pseudosudetica var. rotundata var. nov., was proposed and compared with the typical one.

Except by E. veneris, all other eleven taxa presented here are new records for the State of Santa Catarina,

Brazil.

Keywords: Diatom, Eunotiaceae, lotic systems, periphyton, taxonomy.

CAVALCANTE, K.P., TREMARIN, P.I., CASTRO, E.C., TIBIRIÇÁ, C.E.J.A., WOJCIECHOWSKI,

J., LUDWIG, T.A.V. Eunotia (Bacillariophyceae) epı́fitas sobre Podostemum em Santa Catarina, sul do

Brasil, incluindo novas observações sobre a morfologia e taxonomia de espécies raramente registradas. Biota

http://dx.doi.org/10.1590/1676-06032014003414

Resumo: Eunotia é um gênero de diatomáceas altamente diverso na região neotropical. A considerável

variabilidade morfológica encontrada nas valvas de várias espécies deste gênero resultam em uma

taxonomia muito confusa. Neste estudo, 12 táxons de Eunotia aderidos a Podostemum spp. foram

investigados usando microscopia óptica (MO). Adicionalmente, microscopia eletrônica de varredura

(MEV) foi utilizada para investigar a morfologia ultraestrutural de táxons mais abundantes. Amostras

foram coletadas em quatro rios do Estado de Santa Catarina entre março de 2009 e julho de 2010. A

diatomoflórula deste estado é pobremente conhecida em relação aos estados vizinhos no sul do paı́s.

Eunotia biseriatoides é um taxon com caracterı́sticas intermediárias entre Eunotia e Perinotia e a

circunscrição destes gêneros é discutida aqui. Eunotia odebrechtiana é muito similar morfologicamente a

E. biseriatoides e a sinonimização é proposta, bem como a transferência da variedade E. odebrechtiana

var. essequiboensis à espécie E. biseriatoides. A ultraestrutura de E. epithemioides é apresentada pela

primeira vez em MEV, revelando a posição atı́pica da rimoportula dentro deste gênero. Uma nova

variedade, E. pseudosudetica var. rotundata var. nov., foi proposta e comparada com a variedade tı́pica.

Com exceção de E. veneris, todos os outros 11 táxons apresentados aqui são novos registros para Santa

Catarina.

Palavras-chave: Diatomácea, Eunotiaceae, perifı́ton, sistemas lóticos, taxonomia.
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Introduction

Eunotia Ehrenberg is a large periphytic diatom genus

common in freshwater systems worldwide (Round et al. 1990).

Diacritical features include dorsiventral valves, uniseriate striae,

composed by small round poroids, raphe slits shortened lying at

each pole and at least one rimoportula present near to the valve

ends (Round et al. 1990). The species richness of this genus is

high, and at least 1,500 species are estimated to exist throughout

the world (Lange-Bertalot et al. 2011).

The diatom diversity in the Neotropics is considered rather

high compared to the well-studied temperate regions of Europe

and North America. Every new published flora results in dozens

of new taxa proposed, some particularly endemics (e.g. Metzeltin

& Lange-Bertalot 1998, 2007, Kociolek et al. 2001, Metzeltin

et al. 2005). With regard to Eunotia, there are about 245 taxa

identified to Brazilian environments (Metzeltin & Lange-Bertalot

1998, 2007, Torgan et al. 1999, Ferrari et al. 2007, Tremarin et al.

2008, 2009, Bicca & Torgan 2009, Bicca et al. 2011, Silva et al.

2011, Burliga & Kociolek 2012), of which 81 taxa were proposed

as new to science (e.g. Torgan & Becker 1997, Burliga et al. 2007,

Wetzel et al. 2010, 2011, Metzeltin & Tremarin 2011, Burliga &

Kociolek 2012, Fuhrmann et al. 2013).

Recent studies on periphytic algae suggested that architec-

ture of Podostemum rutifolium Warm. provides microhabitats

for many algal species (mainly diatoms) and, therefore, is a key

species in the structure of those communities. Aquatic plants are

important structuring of algal communities and directly affect

diversity and richness of the attached or associated microorgan-

isms, especially in the lotic systems (Ferreira et al. 2011).

In the State of Santa Catarina, southern Brazil, there are

few researches about diatoms (Souza-Mosimann 1980,

Rodrigues 1984). The most of them are concentrated in littoral

marine/estuarine communities, some of which recording fresh-

water species (Fernandes et al. 1990, Saupe & Souza-Mosimann

2003, Souza-Mosimann & Laudares-Silva 2005, Souza-

Mosimann et al. 2011). Epiphytic freshwater diatoms are

poorly studied in this region.

Here we described 12 Eunotia taxa from several rheophilic

environments located in Santa Catarina, based on light and

scanning electron microscopies analysis. These findings con-

tribute to knowledge of the diatom flora from Santa Catarina,

as well as from Brazil.

Material and methods

Three Podostemum Michaux species were collected in

waterfalls of four distinct lotic systems of Santa Catarina:

P. distichum (Cham.) Wedd from river Pelotas, P. muelleri

Warm. from rivers Jacutinga and Irani, and P. rutifolium

Warm. from river Correas, between March 2009 and July 2010

(Table 1).

Algal biofilm attached to the macrophytes was removed

using toothbrushes and preserved in a 4% formaldehyde

solution. Subsamples were cleaned following the procedure

described in Simonsen (1974) and modified by Moreira-Filho &

Valente-Moreira (1981). Permanent slides were mounted with

Naphax resin (R.I.=1.74) for taxonomic analysis on light

microscope (LM) Olympus BX-40 equipped with Olympus

DP71 image capture equipment. For scanning electron micro-

scopy (SEM), subsamples were dried directly on aluminum

stubs and sputter-coated with gold. Samples were observed

using JEOL JSM 6360LV microscope, operated at 15 kV and

8 mm working distance, which is housed in the Electron

Microscopy Center of the Federal University of Paraná.

Samples and permanent slides are stored in the herbarium of

the Federal University of Paraná (UPCB, Table 1).

Results and discussion

Eleven Eunotia species and one non typical variety were

identified from our samples. Eleven taxa (except by E. veneris)

represent new records for Santa Catarina. Morphological

descriptions and taxonomic observations are presented below.

Eunotia biseriatoides Kobayasi, Ando et Nagumo var.

biseriatoides, 1981, Proc. 6th Diat. Symp., p. 98, pl. 4, figs.

27––34.

Figs. 1-14

Synonyms: Eunotia odebrechtiana Metzeltin et Lange-

Bertalot var. odebrechtiana, 1998, Iconogr. Diatomol. 5,

p. 71, pl. 56, figs. 1-6, 13, 14

Eunotia monodon var. constricta Hustedt (excl. typus) sensu

Simonsen, 1987, Atlas and Catalogue of the Diatom Types of

Friedrich Hustedt, pl. 31 figs. 2, 3 (non fig. 1).

Rectangular frustules in lateral view, with longest sides

undulate, caused by interfascicular thickening in the valve

surface; dorsiventral valves, isopolar; dorsal margin convex,

ventral margin concave, almost straight in median region; ends

rounded, detached from the valve; radiate striae, denser in the

ends, unisseriate, with short striae irregularly inserted around

each striae at dorsal margin; delicate round areolae; terminal

nodules thickened located on the ventral margin and somewhat

distant from the ends; one rimoportulae per valve, located

at valve extremity (Figs. 2, 5). Length 44.3-69.7 mm, width 7.6-

10.7 mm, 5-7 striae (valve face) in 10 mm, 14-16 striae (ventral

mantle) in 10 mm.

In SEM, areolae are simple round poroids, 33-35 in 10 mm

(Figs. 8––10). Dorsal shortened striae are depressed compared to

interstriae (Fig. 9). Striae are interrupted in the ventral valve-

mantle junction by a hyaline edge (Figs. 9, 11, 13). Ventral valve

mantle is more densely striated than valve surface (Fig. 13).

External distal endings of raphe are simple, not reaching the

valve center (Fig. 11). Externally, the raphe extends in oblique

and slightly sinuous fissure at the ventral mantle, with simple

Table 1. Sampling data, with reference to local and date, host collected and register on herbarium of Federal University of Paraná (UPCB).

Herbarium Code

UPCB (diatoms)

Sampling date River Geographic coordinates Podostemum species

76020 10/07/2010 Pelotas 28608’S; 49637’W P. distichum

76021 09/03/2010 Jacutinga 2763’13.61"S; 51641’54.28"W P. muelleri

76022 17/03/2009 Correas 26625’6.28"S 49619’39.11"W P. rutifolium

76024 09/03/2010 Irani 26655’55.18"S 51652’22.37"W P. muelleri
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proximal ends (Fig. 13). Internally, the raphe ends in coarse

helictoglossa (Fig. 12). Internally, the rimoportula is small,

sessile (Fig. 12), often hidden by septum, when valvocopula was

not detached from valve (Fig. 14). Valvocopula has delicate

scalloped projections towards the internal valve surface (pars

interior) on each interstriae (Fig. 10, arrowheads).

Occurrence in the samples: UPCB 76024

Comments: this species, described by Kobayasi et al. (1981),

is characterized by broadly raised interstriae and short striae

inserted on the dorsal side of each striae. These authors have

distinguished E. biseriatoides from E. biseriata Hustedt by the

‘‘undulate dorsal margin, absence of ventral striae and more

slender shape of the valve’’ of the former. In the light

microscope, undulate dorsal margins are only detected when

valves lie in girdle view (figs. 6, 7). Ventral striae are probably a

reflection of ventral mantle striae, rather than projections of

mantle striae reaching the valve face. This feature can be

observed in the Hustedt’s iconotype of E. biseriata, but

undiscernible in the Simonsen’s illustration of holotype

(Simonsen 1987, pl. 567, figs. 9-11). Mantle striae can be

observed also in E. biseriatoides from present study (Figs. 5, 7)

and synonyms E. monodon var. constricta (Simonsen 1987,

pl. 31, fig. 2) and E. odebrechtiana var. odebrechtiana (Metzeltin

& Lange-Bertalot 1998, pl. 56, figs. 1, 4). These two characters

do not seem to be strong criteria for differentiation. The best

distinguishing feature between E. biseriata and E. biseriatoides

is the valve shape, which is slender (length/width ratio 5.1-6.9)

in the latter and more robust (length/width ratio 3.4) with

broadly round apices, detached from the valve, in the former

(Table 2). E. biseriata was described in Hustedt (1952) based on

a single specimen. A population-based morphometric study as

well as SEM analysis of this taxon are necessary to clarify the

boundaries between these taxa.

The species proposed by Metzeltin & Lange-Bertalot (1998)

as Eunotia odebrechtiana can not be accurately distinguished of

E. biseriatoides and, therefore, is a younger synonym from the

latter. As stated by these authors, the figures 2 and 3 in plate 31

from Simonsen (1987), misidentified as isolectotype of E.

monodon var. constricta, also correspond to E. biseriatoides.

Eunotia odebrechtiana var. essequiboensis was also proposed

by Metzeltin & Lange-Bertalot (1998) based on valves with

structure similar to the typical variety, but with narrower valves

(6.5-8.5 mm) resulting in the length/width ratio of 7.8-10.2

(Table 2). Because of the typical variety is here synonymized with

E. biseriatoides, a new combination of this variety is needed:

Eunotia biseriatoides var. essequiboensis (Metzeltin et

Lange-Bertalot) Cavalcante, Tremarin et T. Ludwig comb. nov.

Basionym: Eunotia odebrechtiana var. essequiboensis Metzeltin

et Lange-Bertalot, 1998, Icon. Diat. 5, p. 72, pl. 57, figs. 1, 2.

The striation pattern present in Eunotia biseriatoides and E.

biseriatoides var. essequiboensis is very similar to that found in

Perinotia Metzeltin et Lange-Bertalot. The genus Perinotia was

Figures 1-8. Eunotia biseriatoides var. biseriatoides. Figs 1-5. Specimens in valve view, LM. Fig. 6. Frustules in dorsal view, LM. Fig. 7. Frustules in
ventral view, LM. Fig. 8. Valve overview in SEM. Scale bars: 10 mm (Figs 1-7), 5 mm (Fig. 8).
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described to accommodate eunotioid taxa that shows: uni-

seriate striae becoming multiseriate towards the dorsal side of

valve, in which smaller poroids lie in deltoid depressions;

internally, presence of thickened costae between each two

striae; valvocopula projections on the internal dorsal valve

surface. Rimoportula has not been observed in this genus.

Currently, there are only two Perinotia species recognized

(Metzeltin & Lange-Bertalot 2007, Ferrari et al. 2009).

Considering the set of diagnostic features above mentioned

for Perinotia, Eunotia biseriatoides deserves to be highlighted as

a species that shares features of both genera: this species possess

rimoportula, like in Eunotia, and possess striae pattern and

valvocopula projections like in Perinotia. However, there is no

internal costa between dorsal striae.

Rimoportula is frequent in all the Eunotiaceae genera, except

in Semiorbis Patrick. It has never been observed in Perinotia yet.

But, this genus has a well-developed septum and a thick mantle

edge, which can easily hide a small sessile labiate process. In all

SEM pictures of Perinotia taxa recorded so far (Metzeltin &

Lange-Bertalot 2007, Ferrari et al. 2009), none of them accurately

allow us to assert the lack of rimoportula. Therefore, presence of

rimoportula in Perinotia remains to be confirmed. Moreover, the

typical striae pattern and valvocopula projections of Perinotia

plus the absence of costae in Eunotia biseriatoides, still allow us to

raise questions concerning the consistency of Perinotia as

currently diagnosed. Unusual striae pattern and presence of

costae are presented as weak diagnostic characters to distinguish

generic level in other diatom groups (eg. Reichardt 2007, 2008,

Tremarin et al. 2011).

Perinotia taxa are poorly known, besides the frustule

morphology. Plastids and chain formation, for example, have not

been studied yet. Transferring E. biseriatoides to Perinotia is still

premature, and requires more detailed analysis. Combined

ultrastructural, molecular, and ecological investigations may

provide a better elucidation about the circumscription of this taxon.

Eunotia cf. botuliformis Wild, Nörpel et Lange-Bertalot in

Lange-Bertalot, 1993, Biblioth. Diat. 27, p. 29, pl. 33, figs. 2––15.

Fig. 15

Valve slightly dorsiventral, isopolar; dorsal margin convex,

ventral margin slightly concave; ends rounded, not detached

Figures 9-14. Eunotia biseriatoides var. biseriatoides in SEM. Fig. 9. Detail of valve center, external view. Fig. 10. Internal view of valve center,
showing valvocopula projections (arrowheads). Fig. 11. External view of valve end. Fig. 12. Internal view of valve end , showing helictoglossa (black
arrowhead) and small rimoportula (white arrowhead). Fig. 13. Detail of ends in ventral view of an entire frustule, showing girdle bands and raphe
fissure. Fig. 14. Internal view of valve end, with valvocopula and septum. Scale bars: 2 mm.

4 Biota Neotrop

Cavalcante K.P. et al.

http://www.scielo.br/bn http://dx.doi.org/10.1590/1676-06032014003414

., 14(3): e20140034, 2014



from the valve; striae parallel, equidistant; areolae not

discernible in LM; terminal nodules near to poles; rimoportula

not observed. Length 12.1 mm, width 2.2 mm, 26 striae in 10 mm.

Occurrence in the samples: UPCB 76024

Comments: the single specimen observed in this study shows

lower width and striae density than that found in the literature

(width 2.7-3.8 mm, 15-22 striae in 10 mm) (Lange-Bertalot 1993;

Lange-Bertalot et al. 2011). Due to the morphometric discrepan-

cies and the rarity of this taxon in the samples, its identity cannot

be accurately determined. Further studies of this population may

provide clues about the precise identity of this taxon.

Eunotia epithemioides Hustedt in Schmidt 1913, Atlas Diat.,

pl. 287, figs. 16-19.

Figs. 16-35

Rectangular frustules in lateral view, with longest sides

strongly undulate, caused by interfascicular thickening in the

valve surface; dorsiventral valves, isopolar; dorsal margin

convex, ventral margin concave; ends rounded, detached from

the valve; parallel to radiate striae, arranged in irregular

fascicles with one to five striae; intercalated by short striae at

dorsal margin; delicate round areolae; terminal nodules

thickened near to poles; rimoportulae located at ventral mantle,

one per valve, diagonally opposed in the frustule, such that can

only be observed in lateral ventral view (Figs. 2, 3). Length 35.9-

89.4 mm, width 7.5-10.0 mm, 9-14 striae (valve face) in 10 mm, 16-

19 striae (ventral mantle) in 10 mm, 26-30 areolae in 10 mm.

In SEM, external areolae occlusions are difficult to observe

(Figs. 26, 27). External distal endings of raphe are simple, not

reaching the valve center (Fig. 28). Externally, the raphe extends

in oblique fissure at the ventral mantle, with proximal ends

dilated in pore (Fig. 31). Externally, the rimoportula aperture is

slit-like, perpendicular to the apical axis of the frustule (Figs. 29,

30), and internally sessile (Figs. 34, 35). Areolaeare simple

poroids, striae were interrupted in ventral margin, at junction

between valve surface and mantle, but not at dorsal margin

(Figs. 32, 33). Mantle striae are equidistant and denser (Fig. 33)

than those of valve surface. Short striae in valve surface are

composed by slight projection of some mantle striae at dorsal

Figures 15-25. Eunotia spp. in LM. Fig. 15. E. cf. botuliformis in valve view. Figs. 16-25. E. epithemioides. Fig. 16, 17. Ventral view. Fig. 18. Dorsal
view. Figs 19-25. Valve view. Scale bar: 10 mm.

Biota Neotrop 5

Eunotia on Podostemum

http://dx.doi.org/10.1590/1676-06032014003414 http://www.scielo.br/bn

., 14(3): e20140034, 2014



margin (Fig. 33). Pseudosepta present in the valve apices

(Figs 34, 35).

Occurrence in the samples: UPCB 76022

Comments: the analyzed population is compatible with

morphometric data from the iconotypes showed by Schmidt

(1913, pl. 287, length 55.5-77.8 mm, width 9.4-11.7 mm, 13-19

striae in 10 mm, 27 areolae in 10 mm) and with the lectotype found

in Simonsen (1987, pl. 34, length 54-72 mm, width 11-12 mm, 15-16

striae in 10mm, 24 areolae in 10mm). However, we are expanding

the ranges of valve width and striae density. We found smaller

individuals than those selected as type material (we could

compare only to specimens illustrated as type and we do not

know, however, the morphological range of the type population).

Additionally, our specimens show fascicles with 1-5 striae, while

the type material had 2-8 striae in each fascicle. This variation

obviously results in lower striae density. This difference in striae

density may be probably a factor affected by environmental

conditions, further than a species-specific feature.

This species has not been previously documented in SEM,

so morphological features as raphe and rimoportulae position

were hitherto unknown. Rimoportula located in ventral mantle

is not typical in Eunotia spp. Generally they have a single and

sessile rimoportula, one per valve and lying in the valve apex

(Round et al. 1990).

Eunotia epithemioides was originally described from a

brackish lagoon of Republic of Cameroon, East Africa. The

Figures 26-31. Eunotia epithemioides in SEM. Fig. 26. External valve overview. Fig. 27. Detail of valve center, external view. Fig. 28. External view of
valve end. Figs 29-31. Frustule in ventral view, showing the slit-like external opening of the rimoportulae (arrowheads). Scale bars: 10 mm (26, 29),
5 mm (30, 31), 2 mm (27, 28).
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species has few world records from tropical Asia and Africa

(Hustedt 1949). In Brazil, it has been found only in southern

region, in the state of Paraná by Lozovei & Shirata (1990),

Ludwig & Flôres (1995) and Bartozek et al. (2013).

Eunotia groenlandica (Grunow) Nörpel-Schempp et Lange-

Bertalot in Lange-Bertalot & Metzeltin 1996, Icon. Diat. 2,

p. 51, pl. 17, figs. 25––27.

Fig. 36

Dorsiventral, isopolar valve; dorsal margin slightly convex;

ventral margin slightly concave; subcapitate ends, dorsally

flexed, detached from the valve; striae parallel, equidistant;

areolae inconspicuous on LM; terminal nodules distinct, near

to poles; rimoportula not observed. Length 22.1 mm, width

2.2 mm, 19 striae in 10 mm.

Occurrence in the samples: UPCB 76021

Comments: the analyzed specimen is consistent with indivi-

duals from lectotype slide showed by Lange-Bertalot et al. (2011)

except for the narrower valvae and greater density of striae (pl.

137, figs. 1-3: 2.7-4 mm wide, 12-16 striae in 10 mm). However the

synonymized E. fallax var. gracilima Krasske shows similar width

(2.0 mm) (Lange-Bertalot et al 1996).

Eunotia meridiana Metzeltin et Lange-Bertalot, 1998, Icon.

Diat. 5, p. 67, pl. 59, figs. 7––10.

Figs. 37-45, 54, 55

Rectangular frustules in lateral view, joined in linear chains

by overlapping of valve surfaces from adjacent cells; valve

surface flat to slightly concave; dorsiventral, isopolar valves;

dorsal margin convex, ventral margin straight to slightly

concave in the middle; ends rounded to attenuated-rounded,

not detached from the valve; radiate striae, not equidistant,

with more spaced median striae; mantle striae more clearly

spaced and separated from the others in lateral view (Figs. 44,

45); areolae inconspicuous on LM; terminal nodules distinct,

rimoportula not observed. Length 14.4-19.3 mm, width 4.1-

4.6 mm, 12-16 striae in 10 mm.

In SEM, delicate areolae, punctuated. About three girdle

bands per valve, ornated by one or two irregular rows of

poroids. Proximal raphe endings as a simple pore.

Figures 32-35. Eunotia epithemioides in SEM. Fig. 32. Internal valve overview. Fig. 33. Detail of valve center in internal view. Figs 34, 35. Internal
view of ends showing helictoglossa and rimoportula located in ventral margin. Scale bars: 10 mm (32), 2 mm (33, 35), 1 mm (34).

Table 2. Main morphometric and distributional features of Eunotia biseriatoides, its synonyms, varieties and allied taxa.*Protologue.**Measured
from the type illustration.

Taxon Reference Length

(mm)

Width

(mm)

Striae in

10 mm

Length/width

ratio

Distribution

E. biseriatoides Present study 44.3-69.7 7.6-10.7 5-7 5.1-6.9 Santa Catarina, S Brazil

Kobayasi et al.

(1981)*

37.5-57 6.5-9 4-9 7.5 Various regions of Japan

E. odebrechtiana

var. odebrechtiana

Metzeltin & Lange-

Bertalot (1998)*

30-85 8.5-13 4-7.5 3.2-6.5 Santos, SE Brazil.

E. odebrechtiana

var. essequiboensis

Metzeltin & Lange-

Bertalot (1998)*

68-73 6.5-8.5 6-7 ** 7.8-10.2 Guyana

Eunotia monodon

var. constricta sensu

Simonsen (1987)

Simonsen (1987), pl.

31 figs 2,3

66.5 11 6 6.0 Guyana

E. biseriata Hustedt (1952)* 38 11 6-10 3.4 Amazon, N Brazil
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Occurrence in the samples: UPCB 76024

Comments: morphometric data agree with those recorded

from original population (Metzeltin & Lange-Bertalot 1998)

and another brazilian record (Tremarin et al. 2008). It is similar

to E. incisa Gregory, which is usually narrower and has lower

striae density and more elongated ends (Metzeltin & Lange-

Bertalot 1998). Also differs from E. pirla Carter et Flower that

shows more convex ventral margin, ends detached from the

valve and denser striae (Carter & Flower 1988, Tremarin et al.

2008). Whole frustules have never been illustrated in lateral

view and the striae morphology in the ventral mantle seems to

be a regular criterium for identifying E. meridiana in this view.

This is the first SEM documentation of the species.

Eunotia paludosa Grunow, 1862, Ver. Kais.-Königl. Zool.-

Bot. Ges. Wien 12, p. 336, pl. 6, fig. 10.

Fig. 46

Dorsiventral, isopolar valves; dorsal margin convex, ventral

margin almost straight; ends rounded, slightly detached from

the valve; parallel striae, equidistant; areolae, terminal nodules

and rimoportula inconspicuous in LM. Length 11.2 mm, width

2.7 mm, 22 striae in 10 mm.

Occurrence in the samples: UPCB 76024

Comments: Krammer & Lange-Bertalot (1991) show a

highly variable population for E. paludosa; but certainly, the

specimens designated there should be reviewed. Our exemplar is

especially similar to fig. 4 in plate 155 from those authors and is

also in accordance to the description provided by Lange-

Bertalot et al. (2011), based on lectotypified specimens of

Grunow’s protologue, and to the population illustrated in plate

147, figs. 24––29.

Eunotia parallela Ehrenberg, 1843, Abh. Kön. Akad. Wiss.

Berlin, p. 414.

Figures 36-55. Eunotia spp. Fig. 36. E. groenlandica, LM. Figs 37-45. E. meridiana, LM. Figs 37-43. Valve view. Fig. 44. Ventral view. Fig. 45. Dorsal
view. Fig. 46. E. paludosa, LM. Figs 47, 48. E. parallela, LM. Arrowheads indicate rimoportulae position. Figs. 49-53. E. pirla, LM. Arrowheads
indicate rimoportulae position. Figs 54, 55. E. meridiana in SEM, ventral view. Scale bars: 10 mm (36-53), 5 mm (54), 2 mm (55).
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Figs. 47––48

Dorsiventral, isopolar valves; dorsal margin convex, ventral

margin slightly concave, margins parallel in the most of valve

length; ends broadly rounded, not detached from the valve;

striae parallel in the middle, becoming radiate towards the ends,

not equidistant; short striae in the ends accompanying the apex

curvature; areolae inconspicuous in LM; thick terminal

nodules; terminal raphe fissures simple, almost reaching the

apex center (Fig. 33); rimoportula visible in LM, one per valve,

located between pole and ventral margin. Length 68.9-75.3 mm,

width 7.7-8.2 mm, 11-15 striae in 10 mm.

Occurrence in the samples: UPCB 76024

Comments: Lange-Bertalot et al. (2011) remarked the

difficulty of leptotypifying E. paralella from Ehrenberg’s

(1843) syntypes. Mayama in Lange-Bertalot et al. (2011),

proposed a lectotype, based on analysis of one only valve,

notably observed by Ehrenberg, but without illustrations. Our

specimens agrees with his morphological description (Lange-

Bertalot et al., 2011), except by the lectotype is longer (ca.

130 mm), wider (ca. 16 mm) and has less striae density (7-8.5 in

10 mm). Nevertheless, the ‘‘sausage-like’’ shape, with rounded,

not protracted ends, are typical features of the species.

Moreover, our data agree with E. paralella populations

described in Patrick & Reimer (1966) and Furey et al. (2011),

based in many specimens. E. faba Ehrenberg is a similar taxon

but differs by the typical bean-like outline and shorter length

(16-65 mm) (Furey et al. 2011, Lange-Bertalot et al. 2011).

Eunotia paralelladubia Lange-Bertalot et Mayama also differs

by being wider (8-11 mm) and having terminal nodules closer to

ends (Lange-Bertalot et al. 2011).

Eunotia pirla Carter et Flower, 1988, Diat. Res. 3, p. 2,

figs 5––48, 51––56.

Figs. 49––53

Dorsiventral, isopolar valves; dorsal margin convex, ventral

margin straight with irregular margin thickening (slightly

triundulate); ends attenuate-rounded, detached from the valve;

striae parallel in the middle, becoming radiate toward the ends,

not equidistant; short striae near to dorsal margin; areolae

punctuated, hardly observed in LM; terminal nodules distinct;

one rimoportula per valve, located on valve extremity (Figs. 35––

37). Length 20.8-32.1 mm, width 6.0-8.3 mm, 13-17striae in 10 mm.

Occurrence in the samples: UPCB 76024

Comments: the type population showed by Carter & Flower

(1988) and Lange-Bertalot et al. (2011) is similar to our

material. Carter & Flower (1988) presented individuals with

ventral margin sharply triundulate (central region of ventral

margin is convex) and discussed that this feature is highly

variable into this species.

Eunotia pseudosudetica Metzeltin, Lange-Bertalot et Garcı́a-

Rodrı́guez var. pseudosudetica, 2005, Icon. Diat.15, p. 57, pl.

24, figs. 15-18.

Figs. 56-66, 77-79

Rectangular frustules in lateral view, valve surface straight;

dorsiventral, isopolar valves; dorsal margin convex, ventral

Figures. 56-76. Eunotia spp. in LM. Figs 56-66. E. pseudosudetica var. pseudosudetica. Figs 56-65. Valve view. Arrowheads indicate rimoportula
position. Fig. 66. Ventral view. Figs. 67-74. E. pseudosudetica var. rotundata var. nov., valve view. Arrowheads indicate rimoportula position. Fig. 75.
E. tropico-arcus. Fig. 76. E. veneris. Scale bar: 10 mm.

Biota Neotrop 9

Eunotia on Podostemum

http://dx.doi.org/10.1590/1676-06032014003414 http://www.scielo.br/bn

., 14(3): e20140034, 2014



margin straight, thickened in the median region, in the

proximal raphe endings located in the mantle; ends nose-like,

ventrally flexed, detached from the valve; striae parallel in the

middle, radiate in the ends, not equidistant; punctuate, delicate

areolae, hardly resolved in LM; terminal nodules distinct; one

rimoportula per valve, close to the valve extremity (Figs. 43-51).

Length 18.7-55.8 mm, width 5.5-7.8 mm, 11-15 striae in 10 mm.

In SEM, areolae in round poroids, 36-38 in 10 mm; ventral

margin thickened in the median portion (Fig. 77); helictoglos-

sae are developed; rimoportula is small and sessile, located in

the valve surface-mantle junction, and can be hidden by the

thick valve wall (Fig. 77-79).

Occurrence in the samples: UPCB 76024

Eunotia pseudosudetica var. rotundata Cavalcante, Tremarin

et T. Ludwig var. nov.

Figs. 67-74, 80-83

Diagnosis: It differs from typical variety by the more

rounded ends, less marked dorsiventrality of the valve and

ventral margin without thickening.

Description: dorsiventral, isopolar valves; dorsal margin

convex to slightly convex, ventral margin straight to slightly

concave; rounded ends, detached from the valve; striae parallel,

radiate in the ends, not equidistant; areolae punctuate,

discernible in LM in some individuals; terminal nodules

distinct; one small rimoportula per valve, near to poles.

Length 22.6-63.7 mm, width 5.2-6.8 mm, 11-14 striae in

10 mm, 34-41 areolae in 10 mm.

In SEM, areolae externally open in round poroids, 36-38 in

10 mm (Fig. 80); terminal raphe fissures are simple, almost in the

center of valve end (Fig. 82); helictoglossae are developed, septum

ornated by small poroids (Fig. 83); rimoportula not observed.

Holotype: BRAZIL, Santa Catarina: Herval D’oeste, Irani

River. UPCB 76024. Periphyton attached to Podostemum

muelleri. 09.III.2010. A.S. Melo & A. Nuernberg. Holotype

represented by fig. 67.

Comments: this taxon is usually recorded as Eunotia pectinalis

(Kützing) Rabenhorst in Brazilian researches (eg. Moro et al. 1994,

Raupp et al. 2006, Talgatti et al. 2007) or E. sudetica O. Müller (eg.

Ludwig & Flôres 1995). E. pectinalis has undulate dorsal margins

and narrower ends (Tuji & Williams 2005). Regarding E. sudetica,

this is a taxon often illustrated with high morphological variability

(eg. Krammer & Lange-Bertalot 1991, Levkov et al. 2007, Lange-

Bertalot et al. 2011). As the type material of this species is

unknown, it is difficult to define the original forms of E. sudetica

stricto sensu. In contrast, E. pseudosudetica is a well-defined taxon

(Metzeltin et al. 2005), and the population analyzed here is more

similar to this taxon than to the former. Valve contour and apices

are sufficient to propose this taxon as a new variety.

Our population was very similar to those determined as E.

sudetica by Frenguelli (1933, pl. 8, figs. 8, 9), from northern

Figures 77-79. Eunotia pseudosudetica var. pseudosudetica in SEM. Fig. 77. Internal valve overview. Figs 78, 79. Detail of valve ends in internal view, showing
helictoglossa and rimoportula. Figs 80-83. E. pseudosudetica var. rotundata var. nov. in SEM. Figs 80, 81. External and internal valve overview, respectively.
Fig. 82. Detail of valve end in external view. Fig. 83. Detail of valve end in internal view. Scale bars: 5 mm (77, 80, 81), 2 mm (83), 1 mm (78, 79, 82).
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Argentina, as ‘‘Eunotia (?nov.) spec.’’ by Metzeltin & Lange

Bertalot (1998, pl. 58, figs. 5, 8) from northern Brazil and as

‘‘Eunotia sp. 1’’ by Bertolli et al. (2010), from southern Brazil.

All of them probably correspond to Eunotia pseudosudetica var.

rotundata. Eunotia aff. donatoi recorded in Santos et al. (2011)

is similar to this taxon, but differs by lower striae density (9-10

in 10 mm) and narrower ends.

Eunotia tropico-arcus Metzeltin et Lange-Bertalot, 2007,

Icon. Diat. 18, p. 123, pl. 74, figs. 1––10.

Fig. 75

Dorsiventral, isopolar valve; dorsal margin convex with

median region almost straight; ventral margin slightly concave,

especially in central region; truncate ends, dorsally flexed,

detached from the valve; parallel striae, becoming radiate

towards the ends, equidistant; areolae inconspicuous in LM;

terminal nodules delicate, near to ends; rimoportula not

observed. Length 37.4 mm, width 8.1 mm, 15 striae in 10 mm.

Occurrence in the samples: UPCB 76020

Comments: the single specimen found conforms to the

protologue’s description (Metzeltin & Lange-Bertalot 2007),

except for striae density (11-12 in 10 mm). However, a

venezuelan taxon identified as E. praerupta Ehrenberg (Lange-

Bertalot 1993, pl 33, fig. 5), but reinterpreted by Metzeltin &

Lange-Bertalot (2007) as E. tropico-arcus, possesses very similar

measurements to our exemplar (length 40 mm, width 9 mm, 15

striae in 10mm). Hence, we believe that the striae density may

reach15 striae in 10 mm. It differs from E. praerupta by the latter

is wider (10-18 mm, Lange-Bertalot et al. 2011) and shows

strongly convex dorsal margin. Also differs from E. bidens

Ehrenberg especially by dorsal margin strongly biundulate and

more truncate ends of the latter. Finally, Eunotia tropico-arcus

differs from E. arcus Ehrenberg because the latter shows less

arcuate valves, ventral margins less concave and ends narrower

than central region (Metzeltin & Lange Bertalot 2007).

Eunotia veneris (Kützing) De Toni, 1892, Syll. Alg. Omn.

Hucusque Cogn. 2(2), p. 794.

Fig. 76

Dorsiventral, isopolar valve; dorsal margin convex, ventral

margin almost straight, with slight central tumescence; sub-

capitate ends, detached from the valve; striae parallel in the

middle, radiate towards the ends, equidistant; areolae incon-

spicuous; terminal nodules distinct; rimoportula inconspicuous.

Length 26.5 mm, width 5.6 mm, 17 striae in 10 mm.

Occurrence in the samples: UPCB 76024

Comments: identification of this taxon was based on

Kützing’s type material of Eunotia veneris illustrated in Lange-

Bertalot et al. (2011). E. veneris had ever been cited in state of

Santa Catarina, in Conceição lagoon (Souza-Mosimann 1980)

and Tubarão river (Rodrigues 1984), but without illustrations.
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CEJA.Tibiriçá, J. Wojciechowski and EC. Castro, respectively;

we are also grateful to Dr. John Patrick Kociolek for valuable

comments on the manuscript.

References

BARTOZEK, E.C.R, BUENO, N.C., LUDWIG, T.A.V.,

TREMARIN, P.I., NARDELLI, M.S. & ROCHA, A.C.R. 2013.

Diatoms (Bacillariophyceae) of Iguaçu National Park, Foz do
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Eunotia para o sudeste do Brasil: Eunotia fuhrmannii. Iheringia Sér.

Bot. 62: 201––208.

METZELTIN, D., LANGE-BERTALOT, H. & GARCÍ A-
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Abstract: Termites are very abundant in tropical ecosystems and have active roles in nutrient cycling and

soil formation, but few studies of their assemblages have been undertaken in the Brazilian Atlantic

Forest. The present study analyzed the composition of termite assemblages in a fragment of Atlantic

Forest embedded within an urban matrix in northeastern Brazil. Five standardized sampling protocols of

termites were applied, with a total sampling effort of 1500m2. We encountered 45 species of termites

belonging to 25 genera and three families. The soil-feeders group demonstrated the greatest species

richness, while wood-feeders species were the most abundant. The species richness of termite in the study

area was the greatest yet recorded for an Atlantic forest site in Brazil, indicating the importance of urban

fragments for conserving tropical biodiversity.

Keywords: Isoptera, Feeding Groups, Biodiversity, Neotropical Region.

ERNESTO, M.V., RAMOS, E.F., MOURA, F.M.S., VASCONCELLOS, A. Alta riqueza de térmitas em

um fragmento urbano de Floresta Atlântica do Nordeste Brasileiro. dx.

doi.org/10.1590/1676-06032014005214

Resumo: Térmitas são muito abundantes em ecossistemas tropicais e possuem papéis ativos na ciclagem

de nutrientes e formação do solo, mas poucos estudos sobre suas taxocenoses têm sido realizados na

Floresta Atlântica. O presente estudo analisou a composição das taxocenoses de térmitas em um

fragmento de Floresta Atlântica inserida dentro de uma matriz urbana no Nordeste do Brasil. Cinco

protocolos padronizados de amostragem de térmitas foram aplicados, o que totalizou um esforço

amostral de 1500m2. Foram encontradas 45 espécies de térmitas pertencentes a 25 gêneros e três famı́lias.

O grupo alimentar dos humı́voros demonstrou a maior riqueza de espécies, enquanto as espécies

xilófagas foram as mais abundantes. A riqueza de espécies de térmitas na área de estudo foi a maior

registrada até o momento para uma área de Floresta Atlântica no Brasil, indicando a importância dos

fragmentos urbanos para a conservação da biodiversidade tropical.

Palavras-chave: Isoptera, Grupo alimentar, Biodiversidade, Região Neotropical.

Introduction

The Atlantic Forest is one of the principal humid forests in

South America. It is isolated from the Amazonian and Andean

forests by a corridor of open and semi-open vegetation

formations including Caatinga (dryland), Cerrado (neotropical

savanna), and Chaco (arid lowland savanna) (Costa 2003,

Pennington et al. 2006). More than 500 years of anthropogenic

disturbances have caused the Atlantic Forest to lose more than

88.3% of its original cover (Ribeiro et al. 2009). Currently, the

Atlantic Forest is considered one of the priority areas for global

biodiversity conservation (Myers et al. 2000).

Termites are eusocial insects that have important roles in

ecosystem functioning by influencing the processes of nutrient

cycling and altering the physical and chemical structures of the

soil (Lee & Wood 1971, Wood & Sands 1978, Holt & Lepage

2000). More than 2,900 living species have been described

globally (Krishna et al. 2013), and the greatest values of a-

diversity and biomass have been recorded in humid tropical

forests (Vasconcellos 2010, Jones & Eggleton 2011). Up to 50%
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of the decomposition of organic detritus of plant origin has

been attributed to termite action in these forests (Bignell &

Eggleton 2000).

In spite of the importance of termites to tropical and

subtropical ecosystems, our knowledge of their diversity and

functional roles in their respective ecosystems are still relatively

scarce. Very few studies have been published concerning the

structure of termite assemblages in northeastern Brazil,

especially in the Caatinga and Atlantic Forest ecosystems

(Bandeira et al. 1998, Bandeira et al. 2003, Mélo & Bandeira

2004, Vasconcellos 2010, Vasconcellos et al. 2010).

Furthermore, although some studies have been performed in

fragments of Atlantic Forest in Brazil, including the study area

of this work, the species richness of termites was clearly

underestimated. Studies of termite assemblages are considered

basic prerequisites for understanding the important functions

of these insects in the ecosystem, and for identifying their

patterns of diversity and endemism. The present study therefore

sought to describe the composition of termite assemblages in a

fragment of Atlantic Forest embedded within an urban matrix

in northeastern Brazil with regard to their species richness,

numbers of encounters, and feeding groups.

Materials and methods

Study sites

The present study was undertaken in the Mata do

Buraquinho Permanent Protection Area (PPA) (07608’42’’S x

34651’54’’W) located within the urban perimeter of the

municipality of João Pessoa, Paraı́ba State, Brazil. The PPA

occupies an area of 515 ha of a slightly rolling landscape, with

altitudes varying from 35 to 85 m. The topsoilis sandy red-

yellow podzol, and the climate there is hot and humid

(classified as ‘‘As’’ in the Köppen [1936] system), with rainfall

principally from March to August (Barbosa 2008). The average

annual temperature and humidity are 276C and 80%, respec-

tively, and the mean annual rainfall is 1,482 mm (Governo do

Estado da Paraı́ba 1985). The regional vegetation is character-

ized as Seasonal Semideciduous Forest (IBGE 1992), and this

area is considered one of the largest and most important

remnants of that domain in Paraı́ba State (Barbosa 2008;

Oliveira & Melo 2009).

Sampling protocols

The termite assemblages were inventoried in December/

2010 and from May through November/2012 using standard

protocols for rapid evaluations of termite diversity. Each

protocol was performed by establishing six 65 m x 2 m transects

within forest areas without any apparent human impacts, at

minimum distances of 50 m from the forest borders and from

other transects. Five 5 m x 2 m plots were established 10 m one

from the other in each transect, totaling 30 plots (300 m2) per

protocol. The sampling effort in each plot was 1person-hour.

During this period, the termites were searched in active and

abandoned nests (up to 2 m above ground level), in tunnels and

live and dead tree trunks, in the leaf litter and the interiors of

fallen branches, in the soil (at depths up to 15 cm), under rocks,

and in dead roots. The specimens collected were stored in

labeled glass vials containing 75% alcohol and were subse-

quently deposited in the Isopteran collection of the Federal

University of Paraı́ba.

Feeding groups

Based on in situ observations of feeding and on information

available in the literature concerning Neotropical termites

(DeSouza & Brown 1994, Constantino 1999, Bandeira et al.

2003, Sena et al. 2003,Vasconcellos et al. 2005, Vasconcellos

2010), the species were classified as belonging to the following

feeding groups: (i) wood-feeders, that consume the wood of live

or dead trees in various stages of decomposition; (ii) soil-

feeders, that feed on humus and generally live in the ground;

(iii) wood/soil feeders, that consume humus as well as wood in

different stages of decomposition, and usually carrying soil into

the wood they are consuming; and (iv) wood/leaf feeders, that

consume both wood in advanced stages of decomposition and

leaf litter on the forest floor.

Analyses

Species accumulation curve was prepared using the Mao

Tau method considering the 95%, confidence intervals for 1,000

randomizations without replacement the original data. These

analyses were performed using Estimate S9.1.0 software

(Colwell 2013).

Results

Forty-five species of termites (624 encounters), belonging to

25 genera and three families were recorded in the Mata do

Buraquinho Permanent Preservation Area (Table 1). The

family Termitidae was the best-represented in terms of the

numbers of species (40; 88.9%), followed by Kalotermitidae (3;

6.7%) and Rhinotermitidae (2; 4.4%). The Termitidae were also

dominant in terms of the frequencies of encounters (86.1%). In

relation to subfamilies, Termitinae and Nasutitermitinae were

the most representative in terms of the numbers of species (12;

30%, each) and Termitinae in terms of the frequencies of

encounters (34.5%). The soil-feeders group was dominant in

terms of the number of species (19; 42.2%) and the wood-

feeders group in terms of the frequency of encounters (41.2%).

The species that constructed conspicuous nests in the area

were: Anoplotermes banksi Emerson, 1925, Embiratermes

neotenicus (Holmgren, 1906), Labiotermes labralis (Holmgren,

1906), Microcerotermes indistinctus Mathews, 1977, M.

strunckii (Sörensen, 1884), Nasutitermes corniger (Motschulsky,

1855), N. ephratae (Holmgren, 1910), N. macrocephalus

(Silvestri, 1903), N. obscurus Holmgren, 1906, and

Silvestritermes holmgreni (Snyder, 1926).

The species accumulation curve in the Mata do Buraquinho

PPA is almost stabilized (Figure 1). The upper confidence level

was 46.84 species and the lower 43.16, very close to the actual

number observed in the field (45 spp.).

Discussion

Forty-five species were encountered in the Mata do

Buraquinho PPA, of which 31 could be identified to the species

level. Including four new records of this study (Ibitermes

inflatus, Orthognathotermes longilamina, O. tubesauassu e

Termes hispaniolae), a total of 46 species are now known from

the Atlantic Forest (Bandeira et al. 1998, Brandão 1998,

Vasconcellos et al. 2005, Reis & Cancello 2007, Vasconcellos

2010, Souza et al. 2012). Considering only the region north of

the São Francisco River, 37 species have been identified to the

species level. Studies examining termite assemblages in the
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Table 1. Termite species found in the Mata do Buraquinho Permanent Preservation Area in an Atlantic Forest fragment in northeastern Brazil. W,
wood; S, subterranean; L, litter; A, arboreal; E, epigeal; I, inquiline.

Species Number of encounters Place of sampling Feeding group

KALOTERMITIDAE

Calcaritermes rioensis Krishna, 1962 8 W Wood

Neotermes sp. 1 W Wood

Rugitermes sp. 3 W Wood

RHINOTERMITIDAE

Coptotermes testaceus (Linnaeus, 1758) 19 S Wood

Heterotermes longiceps (Snyder, 1924) 56 S Wood

TERMITIDAE

APICOTERMITINAE

Apicotermitinae sp. 1 4 S Soil

Apicotermitinae sp. 2 6 S Soil

Apicotermitinae sp. 3 19 S Soil

Apicotermitinae sp. 4 6 S Soil

Apicotermitinae sp. 5 3 S Soil

Anoplotermes banksi Emerson, 1925 19 A Soil

Anoplotermes sp. 1 6 S Soil

Anoplotermes sp. 2 25 W/S Soil

Anoplotermes sp. 3 11 W/S Soil

Anoplotermes sp. 4 18 S Soil

Ruptitermes sp. 4 L Wood/Leaf

NASUTITERMITINAE

Atlantitermes sp. 2 W Wood/Soil

Convexitermes sp. 1 W Wood/ Soil

Diversitermes diversimiles (Silvestri, 1901) 4 L Wood/Leaf

Nasutitermes callimorphus Mathews, 1977 24 W Wood

Nasutitermes corniger (Motschulsky, 1855) 15 A Wood

Nasutitermes ephratae (Holmgren, 1910) 16 A Wood

Nasutitermes gaigei Emerson, 1925 25 W Wood

Nasutitermes jaraguae (Holmgren, 1910) 11 W Wood

Nasutitermes macrocephalus (Silvestri, 1903) 3 A Wood

Nasutitermes obscurus Holmgren, 1906 3 A Wood

Subulitermes microsoma (Silvestri, 1903) 3 S/I Soil

Velocitermes velox (Holmgren, 1906) 2 L Wood/Leaf

SYNTERMITINAE

Embiratermes neotenicus (Holmgren, 1906) 13 E Wood/ Soil

Embiratermes parvirostris Constantino, 1992 55 S Soil

Ibitermes inflatus Vasconcellos, 2002 2 S Soil

Labiotermes labralis (Holmgren, 1906) 19 A Soil

Silvestritermes holmgreni (Snyder, 1926) 33 A Wood/Soil

TERMITINAE

Amitermes amifer Silvestri, 1901 54 W Wood/Soil

Cavitermes tuberosus (Emerson, 1925) 7 I Soil

Cylindrotermes sapiranga Rocha & Cancello, 2007 27 W Wood

Dentispicotermes conjunctus Araujo, 1969 1 S Soil

Microcerotermes indistinctus Mathews, 1977 41 A Wood

Microcerotermes strunckii (Sörensen, 1884) 5 A Wood

Neocapritermes opacus Hagen, 1858 5 S Wood/Soil

Neocapritermes talpoides Krishna & Araujo, 1968 14 S Soil

Orthognathotermes longilamina Rocha & Cancello, 2009 2 S/I Soil

Orthognathotermes tubesauassu Rocha & Cancello, 2009 7 S/I Soil

Termes hispaniolae (Banks, 1918) 2 W/I Wood/Soil

Termes medioculatus Emerson in Snyder, 1949 20 W/I Wood/Soil

Total of species 45

Total of encounters 624
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Atlantic Forest have reported between 21% and 100% non-

determined species (Bandeira et al.1998, Silva & Bandeira 1999,

Brandão 1998, Vasconcellos et al. 2005, Reis & Cancello 2007,

Vasconcellos 2010, Souza et al. 2012). The sampling effort used

in this study was the highest ever made in a Brazilian Atlantic

Forest fragment, which could partly explain the high species

richness in relation to other studies in the same biome.

The termite fauna of the Mata do Buraquinho PPA has

been previously investigated using various methodologies

(Bandeira et al. 1998, Silva & Bandeira 1999, Vasconcellos

2010). The number of species collected in the present study (45

spp.) was greater than in any previous publication. In these

earlier works, only 0% to 12% of the insects were identified to

the species level (Bandeira et al. 1998, Silva & Bandeira 1999).

More recently, Vasconcellos (2010) evaluated the biomass and

abundance of termites and reported 29 species in the PPA.

The number of species of termites in the Mata do

Buraquinho PPA was greater than reports from other

Atlantic Forest fragments, where richness varied from 11 to

38 species (Bandeira et al. 1998, Silva & Bandeira 1999,

Brandão 1998, Vasconcellos et al. 2005, Reis & Cancello 2007,

Vasconcellos 2010, Souza et al. 2012). In terms of other

Brazilian morphoclimatic domains, the number of species

encountered here was within the amplitude reported for areas

of Cerrado vegetation (30 to 70 species) (Constantino 2005) and

for the Amazon region (11 to 88 species) (Bandeira &

Macambira 1988, Bandeira 1989, Constantino 1992, De

Souza & Brown 1994), but higher than the amplitude reported

for Caatinga areas (10 to 26 species) (Mélo & Bandeira 2004,

Vasconcellos et al. 2010, Alves et al. 2011).

Equal numbers of species were found in the present study

for the subfamilies Nasutitermitinae and Termitinae, with the

Termitinae being more abundant. Other studies examining the

termite fauna in Atlantic Forest areas have reported the

subfamily Nasutitermitinae as dominant in terms of the

numbers of species and relative abundance (Bandeira et al.

1998, Brandão 1998, Vasconcellos et al. 2005, Reis & Cancello

2007, Vasconcellos 2010, Souza et al. 2012). The low abundance

observed for the family Kalotermitidae probably underesti-

mates their true numbers, as most of the colonies of this termite

group are quite small and form inside pieces of dried wood or in

the canopies of trees, making their collection much more

difficult when using rapid survey collection techniques (Roisin

et al. 2006, Reis & Cancello 2007).

The soil-feeders group demonstrated the largest number of

species –– a pattern different from that observed in other studies

conducted in the Atlantic Forest, where the wood-feeders group

was responsible for from 39% to 64% of the total species

richness (Bandeira et al. 1998, Brandão 1998, Vasconcellos et

al. 2005, Reis & Cancello 2007, Souza et al. 2012). This fact is

certainly associated with the huge sampling effort, which

increases the sampling of rare soil-feeders species. In terms of

abundance, on the other hand, the wood-feeders group

dominated in the Mata do Buraquinho PPA. High species

richness is therefore not always directly linked to high

abundance and high biomasses in this ecosystem (Souza et al.

2012).

Approximately 35% of all termite species in humid tropical

forests in South America construct conspicuous nests

(Constantino 1992, Martius 1994, Bandeira & Vasconcellos

2002). All of the 10 species of termites known to construct

conspicuous nests in Atlantic Forest sites north of the São

Francisco River were encountered in the Mata do Buraquinho

PPA, including N. obscurus, which was identified in previous

studies as Nasutitermes sp. (Vasconcellos et al. 2005,

Vasconcellos et al. 2008, Vasconcellos 2010, Souza et al.

2012). Vasconcellos (2010) reported nine species that con-

structed arboricolous nests in a previous study undertaken in

the Mata do Buraquinho PPA. Additionally, the present study

encountered a single species (E. neotenicus) that constructed

epigeous nests.

The Mata do Buraquinho PPA contained an expressive

number of termite species for an Atlantic Forest fragment

embedded within an urban matrix. The effective conservation

of many species will depend on their capacity to persist in

fragmented habitats in the midst of modified landscapes

(Holland & Bennett 2011). Extreme urbanization almost always

reduces the species richness of vertebrates, invertebrates, and

plants, although in cases of moderate urbanization these effects

vary among the different taxonomic groups (Mckinney 2008).

Brown (1997) reported that under conditions of low environ-

mental disturbance termite species richness may even increase.

The high diversity of the termite fauna in the Mata do

Buraquinho PPA reinforces the importance of small forest

fragments in conserving the biodiversity of the Atlantic Forest

– even when these remnants sites are embedded within an urban

matrix.
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Gindomar G. Santana, José R.C. Barbosa, Luiz P.A. Silva,

Ricardo A. Nink, Rozzanna E.C.R. Figueirêdo, Virgı́nia F.P.
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Köppen, W. 1936. Das geographische system der klimate. In Handbuch

der Klimatologie, part C. (W. Köppen& R. Geiger, eds.). Verlag
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Vasconcellos, A., Mélo, C.A.S., Segundo, E.M.V. & Bandeira, A.G.

2005. Cupins de duas florestas de restinga do nordeste brasileiro.

Iheringia, Zool. 95(2):127-131, http://dx.doi.org/10.1590/S0073-

47212005000200003

Wood, T.G. & Sands, W.A. 1978.The role of termites in ecosystems. In

Production Ecology of Ants and Termites (M.V. Brian, ed.).

Cambridge University Press, Cambridge, p.245-292.

Received 27/03/2014

Revised 14/05/2014

Accepted 04/09/2014

6 Biota Neotrop

Ernesto M.V. et al.

http://www.scielo.br/bn http://dx.doi.org/10.1590/1676-06032014005214

., 14(3): e20140052, 2014

http://dx.doi.org/10.1590%2FS0073-47212005000200003
http://dx.doi.org/10.1590%2FS0073-47212005000200003
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Abstract: The Seridó/Borborema region is located between the States Paraı́ba and Rio Grande do Norte

and a priority area for conservation of the Caatinga. This region is under the hydrological influence of the

middle portion of Piranhas-Açu River basin. Previous systematic inventories of the ichthyofauna of this

Caatinga’s area are not significant. The Caatinga fish fauna is threatened due the advancement of historic

anthropogenic activities, mainly agricultural. Furthermore, another relevant aspect is the recent

governmental decision of transferring water from São Francisco River to other Northern river basins,

which includes the Piranhas-Açu basin. This study performed a systematic survey of the Seridó/

Borborema’s ichthyofauna. The sites were sampled during the years 2006 and 2007 (four annual, diurnal

samples), using three different types of gear: beach seine nets, cast net and gillnets. We captured 13,009

individuals of 5 orders, 14 families, 28 genera and 35 species of fish. The predominant orders were

Characiformes (21 species), Siluriformes (6) and Perciformes (5). The greatest number of species (11) was

catch from the family Characidae, followed by Cichlidae (5) and Loricariidae (4). This inventory

produced a comprehensive sampling of the middle portion of Piranhas-Açu River basin and its result

overcomes the diversity reported in previous studies (22 species) on the same region.

Keywords: Inventory, Fish, Piranhas-Açu River, Caatinga, Northeastern Brazil.

Resumo: A região Seridó/Borborema, localizada entre os Estados da Paraı́ba e do Rio Grande do Norte,

é uma área prioritária para conservação da Caatinga e encontra-se sob domı́nio hidrológico da porção

média da bacia do rio Piranhas-Açu. Levantamentos sistemáticos sobre a ictiofauna desta região da

Caatinga realizados até esse momento são pouco expressivos. A ictiofauna da Caatinga sofre ameaças

devido ao avanço histórico de atividades antrópicas, principalmente agropastoris. Além disso, outro

aspecto que merece destaque é a recente implantação da obra de integração do rio São Francisco com as

bacias hidrográficas do Nordeste Setentrional. O presente estudo realizou um levantamento sistemático

da ictiofauna da região Seridó/Borborema. As amostragens foram realizadas entre os anos de 2006 e 2007

(quatro amostragens anuais diurnas), utilizando redes de arrasto, tarrafa e redes de emalhar. Foram

capturados 13.009 indivı́duos pertencentes a 5 ordens, 14 famı́lias, 28 gêneros e 35 espécies de peixes. As

ordens predominantes foram Characiformes (21 espécies), Siluriformes (6) e Perciformes (5). Characidae

foi a famı́lia com o maior número de espécies (11), seguida por Cichlidae (5) e Loricariidae (4). Este

inventário produziu uma abrangente amostragem da porção média do rio Piranhas-Açu e seu resultado

supera a diversidade registrada em estudos prévios (22 espécies) da mesma região.

Palavras-chave: Inventário, Peixe, Rio Piranhas-Açu, Caatinga, Nordeste Brasileiro.
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Introduction

The knowledge related to the freshwater fishes of Brazil has

increased during the last decades (Buckup et al. 2007, Menezes

et al. 2007), as to the Neotropical region (Vari 1983, Reis et al.

2003, Kullander & Ferreira 2006). However, studies are

unevenly distributed in Brazil. While some areas of the country

are relatively well documented, studies available from the

ecoregion Midle Eastern Portion of Northeastern Brazil

(Nordeste Médio-Oriental) are still not expressive, either due

to the low extension of the inventory, or due to the lack of

clarity about the taxonomic identity of its components (Santos

& Zanata 2006, Buckup et al. 2007, Langeani et al. 2009,

Nogueira et al. 2010, Ramos 2012). The more comprehensive

and cited general work on the diversity of Northeastern

freshwater fish was carried out by Rosa et al. (2003), a study

limited to the Caatinga region, that recorded 240 species. The

authors cited above argue that the current scenario of knowl-

edge about the fish fauna of Northeastern Brazil may only be

changed with conducting extensive sampling programs in the

various river basins of the region, and their results being

analyzed from new systematic reviews. Therefore, estimates of

diversity of freshwater fish in the Northeastern Brazil may be

premature, considering the existence of the few representative

collections from this region (Menezes 1996, Rosa et al. 2003,

Ramos et al. 2005).

Subprojects as part of large projects like PROBIO (Project

of the conservation and sustainable use of Brazilian biological

diversity) and PPBio (Program of biodiversity research) are

among recent programs aiming to increase knowledge of fish

diversity of Brazilian Northeastern Region. Recently, Ramos

(2012) conducted an inventory in the Parnaı́ba River basin in

the States of Ceará, Piauı́ and Maranhão, and recorded 143

species of freshwater fish. Among those species 23 were new

records for the basin, 25 are new species to science, and 50 are

endemic species - almost 40% of 136 native species diagnosed

by author.

The Caatinga extends along most of Northeastern region and

is one of the most altered regions of Brazil, as well as its associated

aquatic systems, mainly by human activities such as farming

(Coimbra-Filho & Câmara 1996, Leal et al. 2003). Another

relevant aspect is the recent governmental decision of transferring

water from São Francisco River to other Northern river basins,

which includes the Piranhas-Açu. Certainly this action will bring

major changes, thus, it is urgent to expand knowledge about the

ichthyic diversity of the region. Tabarelli and Silva (2003)

identified priority areas for conservation of the Caatinga,

classified according to the degree of biological importance and

urgency of conserving species as: Extreme, Very High, and High

Priority. Among those areas, the Seridó/Borborema stands out as

the only Extreme Priority area in the Piranhas-Açu River basin,

and incorporates one of its main tributaries, the Seridó river. The

Seridó/Borborema region is addressed in this study, which aimed

to survey the fish species occurring there and is a byproduct of the

PPBio, a program of taxonomic and ecological assessment of the

Northeastern Brazilian region.

Material and methods

1. Study area

This study was performed in the Seridó/Borborema region

which lies within the middle portion of Piranhas-Açu river

basin (Figure 1). The relief of Seridó/Borborema region dates

from Precambrian, formed by igneous and metamorphic rocks

(Felipe & Carvalho 1999). The characteristic climate of

Brazilian Semi-arid is BSh, according to Köppen-Geiger’s

classification (Rubel & Kottek 2010), with rainfall between 400-

800 mm (historical average of years 1998-2007; CPTEC 2011),

average annual temperature 30.76C, with minimum of 29.36C

(February) and maximum of 31.76C (October) (Amorim et al.

2005). Leal et al. (2003) affirm that the climate of studied region

is a result of high solar radiation, low nebulosity, high average

annual temperature, low rates of relative humidity, high

potential evapotranspiration, as well as low and irregular

rainfall.

The vegetation of Seridó/Borborema region is the typical

Caatinga’s trees and low shrubs (Maia 2004). Species richness is

low, with few rare or endangered species, showing associations of

genera Mimosa, Caesalpinia and Aristida (Giulietti et al. 2003).

This study was conducted on five sampling sites during two

years, one of them repeated in both years. The sites Cipo (CIP)

and Recanto (REC) were sampled during 2006; Riacho da

Serra (RSE) and Poço dos Patos (PPT), in 2007; Catureré

(CAT) was assessed during the hydrological cycles of 2006 and

2007 (Figure 1). The 2006 samples were performed in March/

April, June, September and December; samples of 2007 were

conducted in April, July, October and December.

2. Collection and identification of specimens

Four samples were performed at each sampling site

(authorization n6 032-DIFAP/IBAMA) using gillnets (10 m

long, mesh sizes 25, 35 and 45 mm), manuals trawls (20 m long,

2.5 m height, mesh sizes 10 mm; 4 m long, 2 m high, mesh sizes

5 mm, and cast nets (2 m height, mesh sizes 12 mm) with

standardized effort (Medeiros et al. 2010). The fish were fixed

in field with formalin 10% neutralized with sodium tetraborate.

The specimens were treated according to rules of scientific

curation (Malabarba & Reis 1987). Sorting and identification

of specimens were carried out at Laboratory of Systematics and

Morphology of Fishes of Universidade Federal da Paraı́ba,

according to specific literature. Voucher specimens were

deposited after identification in the Ichthyological Collection

of the same institution (see appendix).

Results and discussion

Thirty-five species in 28 genera of 14 families distributed in

five orders of teleostean fishes were recorded (Table 1). The

order Characiformes was the most representative, with 21

species (Table 1). Among the families registered, Characidae

(Characiformes) had the highest number of species (11),

followed by Cichlidae (Perciformes), with five species,

Loricariidae (Siluriformes), with four species, and

Curimatidae (Characiformes), with three; from the remaining

families were registered one or two species (Table 1). Other

studies in the rivers, streams and artificial environments of

Brazilian Semi-arid region revealed this same pattern of

dominance (Medeiros & Maltchik 2001, Ramos et al. 2005,

Medeiros et al. 2006, Medeiros et al. 2008).

Among the registered species, four are introduced: Cichla

ocellaris Bloch & Schneider, 1801, Colossoma macropomum

(Cuvier, 1818), Oreochromis niloticus (Linnaeus, 1758) and

Poecilia reticulata Peters, 1860 (Table 1), corresponding to

11.4% of the recorded ichthyofauna. Except for Colossoma
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macropomum, which was registered only at the Recanto site, the

three other aloctone species were sampled in three of the four

study sites. There were no endangered species, when comparing

the list of detected species with those contained in MMA

(2008), IUCN (2012) and CITES (2013).

Astyanax aff. bimaculatus (Linnaeus, 1758), Astyanax. aff.

fasciatus (Cuvier, 1819), Hoplias malabaricus (Bloch, 1794),

Prochilodus brevis Steindachner, 1874 and Serrapinnus hetero-

don (Eigenmann, 1915) were the most widely distributed species

in Seridó/Borborema region, being recorded in all sampling

sites (Table 1). The four most abundant species in this

inventory were Oreochromis niloticus (18.4% of specimens),

Astyanax aff. bimaculatus (17.4%), Poecilia vivipara Schneider

& Bloch, 1801 (12.7%), Hemigrammus marginatus Ellis, 1911

(12.3%) and Serrapinnus heterodon (12.1%) (Figure 2).

Oreochromis niloticus (Tilapia) is an exotic species, as pre-

viously mentioned. The Tilapias are usually introduced from

fish farming and have negatively impacted biodiversity at local

level (GISP 2005, Attayde et al. 2007).

The collected specimens of Astyanax aff. bimaculatus,

Hemigrammus marginatus and Serrapinnus heterodon accounted

for 41.8% of all sampled individuals. These species belong to

the group of "Piabas", of Characidae family. The reason for the

high number of specimens of this group may be related to the

habit of forming schools, which facilitates the capture of a

larger number of individuals (Ramos 2012).

Other species with significant abundance was the "Guaru"

Poecilia vivipara, a small fish able to survive in water with low

oxygen content, and wide variation in salinity and temperature.

This wide tolerance and its efficient reproductive strategy, allow

the species to multiply rapidly and produce large numbers of

individuals (Andreatta & Mendonça 2001); the species also

forms schools.

Astyanax aff. bimaculatus was among the most abundant

species and was collected in all sampling sites. This is a

generalist species (Mazzoni 2010, Silva et al. 2010) that can

reproduce during all year through partitioned or total spawn-

ing, depending on the characteristics of the environment

(Ihering & Azevedo 1936, Geniari-Filho & Braga 1996).

Among the carnivorous species registered [Serrasalmus

rhombeus (Linnaeus, 1766), Hoplias malabaricus and Cichla

ocellaris Bloch & Schneider, 1801], Hoplias malabaricus was the

most abundant and frequent (Figure 2). This result was

expected and is in agreement with other studies in the region,

which states Hoplias malabaricus as the top predator species

commonly found in aquatic environments of Brazilian semi-

arid (Paiva 1974, Chaves et al. 2009).

This inventory produced a comprehensive sampling of the

ichthyofauna occurring at the Seridó/Borborema region, on the

middle portion of Piranhas-Açu River basin. The number of 35

species registered in this study, overcomes in more than 50%

that stated by previous work in the same basin (Nascimento et

Figure 1. Study area showing major river systems and sampling sites in the semi-arid region of Brazil.
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Table 1. List of species collected in the Seridó/Borborema region. Taxonomic classification in accordance to Eschmeyer (2014); sampled sites: PPT
= Poço dos Patos, RSE = Riacho da Serra, CAT = Catureré, CIP = Cipó and REC = Recanto; * = Introduced species.

TAXON PPT RSE CAT CIP REC

COMMON

NAME

Characiformes

Curimatidae

Curimatella lepidura (Eigenmann & Eigenmann, 1889) X Branquinha

Psectrogaster rhomboides Eigenmann & Eigenmann, 1889 X X Branquinha

Steindachnerina notonota (Miranda-Ribeiro, 1937) X Branquinha

Prochilodontidae

Prochilodus brevis Steindachner, 1874 X X X X X Curimatã

Anostomidae

Leporinus piau Fowler, 1941 X X X X Piau

Erythrinidae

Hoplias malabaricus (Bloch, 1794) X X X X X Traı́ra

Serrasalmidae

Colossoma macropomum (Cuvier 1816) * X Pacu

Serrasalmus brandtii Lütken, 1875 X X X Pirambeba

Characidae

Astyanax aff. bimaculatus (Linnaeus, 1758) X X X X X Piaba

Astyanax aff. fasciatus (Cuvier, 1819) X X X X X Piaba

Compsura heterura Eigenmann, 1915 X X Piaba

Hemigrammus brevis Ellis, 1911 X X Piaba

Hemigrammus marginatus Ellis, 1911 X X X Piaba

Hemigrammus sp. X Piaba

Moenkhausia costae (Steindachner, 1907) X Piaba

Moenkhausia sp. X X X Piaba

Psellogrammus kennedyi (Eigenmann, 1903) X Maria-do-oião

Serrapinnus heterodon (Eigenmann, 1915) X X X X X Piaba

Serrapinnus piaba (Lütken, 1875) X X Piaba

Triportheidae

Triportheus signatus (Garman, 1890) X X X Sardinha

Crenuchidae

Characidium bimaculatum Fowler, 1941 X X X X Canivete

Siluriformes

Auchenipteridae

Trachelyopterus galeatus (Linnaeus, 1766) X X Cangati

Heptapteridae

Pimelodella enochi Fowler, 1941 X Mandi-mole

Loricariidae

Hypostomus pusarum (Starks, 1913) X X X X Cascudo

Pseudancistrus papariae Fowler 1941 X X X Cascudo

Parotocinclus sp. X X Cascudinho

Parotocinclus cf. cearensis Garavello, 1976 X Cascudinho

Cyprinodontiformes

Poecilidae

Poecilia reticulata Peters, 1860 * X X X Guaru

Poecilia vivipara Bloch & Schneider, 1801 X X X X Guaru

Synbranchiformes

Synbranchidae

Synbranchus marmoratus Bloch,1785 X X Mussum

Perciformes

Cichlidae

Cichla ocellaris Bloch & Schneider, 1801 * X X X Tucunaré

Cichlasoma orientale Kullander, 1983 X X X X Corró-preto

Crenicichla menezesi Ploeg, 1991 X X X Jacundá

Geophagus brasiliensis (Quoy & Gaimard, 1824) X X X X Corró

Oreochromis niloticus (Linnaeus, 1758) * X X X Tilápia

Total of species 25 29 25 11 8 35
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al. 2011, 22 species) and others in the Curimataú River basin,

adjacent to the study area (Ramos et al. 2005, Medeiros et al.

2006, 22 species). The results add data on the taxonomic

composition and predominance of ichthyic elements in aquatic

environments of Northeastern Brazil, in a priority area for the

conservation of the Caatinga. Another relevant aspect is that

this survey provides information on the ichthyofauna composi-

tion of Piranhas-Açu River basin before it receives water from

the project of water transfer from São Francisco River to other

Northern rivers basins.

Appendix

Listing of vouchers

UFPB6106, UFPB6107, UFPB6108, UFPB6109,

UFPB6110, UFPB6111, UFPB6112, UFPB6113, UFPB6114,

UFPB6121, UFPB6125, UFPB7878, UFPB7879, UFPB7880,

UFPB7881, UFPB9684, UFPB9685, UFPB9686, UFPB9687,

UFPB9688, UFPB9689, UFPB9690, UFPB9691, UFPB9692,

UFPB9693, UFPB9694, UFPB9695, UFPB9696, UFPB9697,

UFPB9698, UFPB9699, UFPB9700, UFPB9701, UFPB9702,

UFPB9703, UFPB9704, UFPB9705, UFPB9706, UFPB9707,

UFPB9708, UFPB9709, UFPB9710, UFPB9711, UFPB9712,

UFPB9713.
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Maia, G.N. 2004. Caatinga: árvores e arbustos e suas utilidades. São

Paulo: D&Z.

Malabarba, L.R. & Reis, R.E. 1987. Manual de técnicas para a

preparação de coleções zoológicas. Peixes. Campinas: Sociedade

Brasileira de Zoologia.

Mazzoni, R. 2010. Alimentação e padrões ecomorfológicos das espécies
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Curimataú, Paraı́ba In Análise das variações da biodiversidade do

bioma Caatinga: suporte a estratégias regionais de conservação.
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Abstract: Species inventories are useful tools to improve conservation strategies, especially in highly

threatened biomes such as the Brazilian Atlantic Forest. Here we present a species list of amphibians and

reptiles for the Reserva Ecológica de Guapiaçu (REGUA), a forest reserve located in the central portion

of Rio de Janeiro state, Brazil. The list results from an extensive sampling effort that lasted ten years. A

total of 73 amphibian (of which ten are endemic to the state) and 37 reptile species was recorded from the

area. Five amphibian species are presently categorized by the IUCN as ‘‘data-deficient’’, two as ‘‘near

threatened’’ and one as ‘‘endangered’’, whereas one reptile species is categorized as ‘‘vulnerable’’. Our

results showed that REGUA harbors about one-third of the herpetofauna species presently known to

occur in state of Rio de Janeiro, adding more information to previously published lists of amphibians and

reptiles from localities within the Serra dos Órgãos region, and highlighting the importance of this area

for conservation of amphibians and reptiles of the Atlantic Forest.

Keywords: amphibians, Atlantic Forest, conservation, hotspot, reptiles.

ALMEIDA-GOMES, M., SIQUEIRA, C.C., BORGES-JÚNIOR, V.N.T., VRCIBRADIC, D.,

FUSINATTO, L.A., ROCHA, C.F.D. Herpetofauna da Reserva Ecológica de Guapiaçu (REGUA) e

das áreas do entorno, no estado do Rio de Janeiro, Brasil. http://dx.doi.

org/10.1590/1676-0603007813

Resumo: Inventários de espécies constituem importantes subsı́dios para melhorar as estratégias de

conservação, especialmente em biomas altamente ameaçados como a Mata Atlântica brasileira. Aqui,

nós apresentamos uma lista de anfı́bios e répteis para a Reserva Ecológica de Guapiaçu (REGUA), uma

reserva florestal localizada na porção central do estado do Rio de Janeiro, Brasil. A lista é baseada em

um esforço de amostragem extensivo de dez anos de duração. Um total de 73 espécies de anfı́bios (das

quais dez são endêmicas ao estado) e 37 espécies de répteis foi registrado na área. Cinco das espécies de

anfı́bios estão atualmente categorizadas pela IUCN como ‘‘deficiente em dados’’, duas como ‘‘quase

ameaçadas’’ e uma como ‘‘em perigo’’, enquanto uma espécie de réptil está categorizada como

‘‘vulnerável’’. Nossos resultados mostram que a região da REGUA abriga cerca de um terço da

herpetofauna atualmente conhecida para o estado do Rio de Janeiro, adicionando mais espécies em

relação a listas de espécies anfı́bios e répteis previamente publicadas para localidades na região da Serra

dos Órgãos e enfatizando a importância desta área para a conservação dos anfı́bios e répteis da Mata

Atlântica.

Palavras-chave: anfı́bios, Mata Atlântica, conservação, hotspot, répteis.
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Introduction

The Atlantic Forest is one of the world’s most threatened

biodiversity ‘‘hotspots’’ (Mittermeier et al. 2011) and despite

being currently reduced to only about 12% of its original area,

it still harbors great diversity and high rates of endemism for

several animal groups (Ribeiro et al. 2009). More than 500

amphibian and about 200 reptile species occur in this biome

(Ribeiro et al. 2009, Haddad et al. 2013). For the state of Rio de

Janeiro there are nearly 200 amphibian and over 130 reptile

species currently reported (Vrcibradic et al. 2011b), with both

new geographic distribution records (e.g. Vrcibradic et al.

2006a, b, Goyannes-Araújo et al. 2009, Silveira et al. 2009,

Caram et al. 2011) and descriptions/revalidations of taxa

(particularly for amphibians; e.g. Canedo & Pombal 2007,

Pombal et al. 2008, Pombal 2010, Weber et al. 2011, Dias et al.

2013, Caramaschi & Cruz 2013, Mângia et al. 2014) having

recently added more species to the amphibian and reptile lists

previously compiled by Rocha et al. (2004).

Collections of field data and species inventories are urgent

to guide species conservation in Brazil (Verdade et al. 2012).

Despite the increasing number of amphibian and/or reptile

species lists for various localities in the state of Rio de Janeiro

in the last ten years (e.g. Rocha & Van Sluys 2006, Almeida-

Gomes et al. 2008, 2010, Carvalho-e-Silva et al. 2008, Salles et

al. 2009, 2010, Salles & Silva-Soares 2010, Siqueira et al. 2011a,

b, Vrcibradic et al. 2011b, Telles et al. 2012, Bittencourt-Silva &

Silva 2013, Rocha et al. 2013), there are some areas that still

need more studies in order to provide a comprehensive

characterization of their herpetofaunas.

The Reserva Ecológica de Guapiaçu (REGUA) is a private

reserve, which has an area of nearly 7,600 ha. REGUA together

with other conservation units such as Parque Estadual dos Três

Picos (ca. 46,000 ha), Parque Nacional da Serra dos Órgãos (ca.

11,800 ha), and Estação Ecológica Estadual do Paraı́so (ca.

5,000 ha) protects a large continuous area of wet Atlantic

Forest (mostly represented by montane and low montane

rainforest) covering much of the region of Serra dos Órgãos,

which comprises one of the areas of highest biodiversity in the

state (Rocha et al. 2003).

Information on the herpetofauna of REGUA currently

consists of a first approach on the local forest floor leaf-litter

amphibian community, derived from data obtained in a short-

term inventory conducted in 2004 (Rocha et al. 2007), and a

first approach on the local lizard fauna based on a study carried

out between 2007 and 2010 (Almeida-Gomes & Rocha in

press). Besides, there are isolated occurrence records and

ecological observations on some species of frogs (Weber et al.

2007, 2009, Silva-Soares et al. 2008, Klaion et al. 2011, Maia-

Carneiro et al. 2012a, b, 2013, Salles et al. 2012, Siqueira et al.

2013), lizards (Goyannes-Araújo et al. 2009, Maia et al. 2011,

Almeida-Gomes et al. 2012), and snakes (Alves et al. 2005,

Silveira et al. 2010, Vrcibradic et al. 2011a). Here, we present

the list of amphibian and reptile species based on records

obtained during nearly ten years of surveys at REGUA and its

surroundings.

Material and Methods

1. Study area

The Reserva Ecológica de Guapiaçu (REGUA) (226 24’S,

426 44’W) is located at the slopes of the Serra dos Órgãos

mountain range, in the municipality of Cachoeiras de Macacu,

state of Rio de Janeiro, Brazil (Figure 1). In the continuous

forest of REGUA, habitats range from secondary forests in

early stages of ecological succession to areas of relatively little

disturbed forest, in the higher and more inaccessible portions of

the reserve (Rocha et al. 2007). In the surroundings of REGUA

there are forest fragments of different sizes and degrees of

regeneration and isolation, which are immersed in different

types of matrix (mainly pastures) (Almeida-Gomes & Rocha

2014). The region has a mean annual precipitation of 2600 mm,

with daily temperatures ranging from 14 to 37 6C (Bernardo

et al. 2011).

2. Data collection

The amphibians and reptiles were sampled mainly within

the continuous forest of REGUA, but also in 21 forest

fragments (totaling nearly 1,300 ha of forested area), and in

Figure 1. (A) Location of Reserva Ecológica de Guapiaçu (REGUA) in the state of Rio de Janeiro, Brazil (open circle) and (B) detail of the study
area showing the continuous forest of REGUA, the sampled forest fragments and the sampled pasture areas (matrix).
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the surrounding pasture matrix (besides some anthropogenic

habitats such as roads). Samplings were done during September

2004 and from July 2007 to February 2014 at altitudes ranging

from ca. 30 m to 700 m. We used three different methods for

herpetofaunal sampling: pitfall traps with drift fences (Corn

1994), time-constrained visual encounter surveys (VES; Crump

& Scott 1994) and quadrats (16 m2 and 25 m2 plots; Jaeger &

Inger 1994). The total sampling effort for each method was

6600 bucket-days (for pitfalls), 2631 hours (for VES) and

4750 m2 of forest floor surveyed (for quadrat method). Except

for pasture areas (sampled only by VES), we used the three

sampling methods in the continuous forest of REGUA and in

forest fragments. Besides, we also recorded all specimens of

amphibians and reptiles found during casual encounters (i.e.

not using the above methodologies). Voucher specimens of all

sampled species of the local herpetofauna were deposited at the

Museu Nacional do Rio de Janeiro - MNRJ (Appendix 1),

except for a few species of reptiles (the lizards Ameiva ameiva

and Salvator merianae, the snakes Boa constrictor, Chironius

laevicollis, Pseustes sulphureus and Spilotes pullatus, and the

crocodylian Caiman latirostris); in all those cases the specimens

found were too large for preservation and storage (considering

the material we had available) or could not be collected (in the

case of Ameiva ameiva). Also, one amphibian species

(Vitreorana sp.) was recorded based on an observation of an

individual that evaded capture. Identification of all specimens

of amphibians and reptiles collected were confirmed by

taxonomists from the Museu Nacional, Rio de Janeiro; the

specimens that were not collected were identified in the field by

the authors. For amphibian nomenclature used throughout the

text we follow Frost (2013), and regarding reptile nomenclature

we follow Carrasco et al. (2012) for viperid snakes, Harvey

et al. (2012) for teiid lizards, and Pyron et al. (2013) for the

remaining groups.

Results and Discussion

We recorded 73 species of amphibians (71 anurans and

two caecilians) (Table 1; Figures 2-5) and 37 species of reptiles

(10 lizards, 24 snakes, one amphisbaenian, one chelonian and

one crocodylian) (Table 2; Figures 6-8). The species richness

we recorded in the area corresponds to ca. 40% and ca. 30%

of the total species richness of, respectively, amphibians and

reptiles known to occur in the state of Rio de Janeiro (see

Vrcibradic et al. 2011b). Regarding the anurofauna in

particular, the species richness reported here for REGUA is

the highest yet reported for Atlantic Forest areas in which

anuran surveys have been conducted, with only the Estação

Table 1. Amphibian species of the Reserva Ecológica de Guapiaçu (REGUA) and its surroundings, municipality of Cachoeiras de Macacu, state
of Rio de Janeiro, Brazil. The habitats where they have been recorded are represented by: CF –– continuous forest of REGUA; FF –– forest
fragments; and M –– matrix habitats (composed of pastures, wetlands and anthropogenic areas). * Species endemic to state of Rio de Janeiro.

TAXA HABITAT

ANURA

Brachycephalidae

Brachycephalus didactylus (Izecksohn, 1971) CF, FF

Brachycephalus ephippium (Spix, 1824) CF

Ischnocnema guentheri (Steindachner, 1864) CF, FF

Ischnocnema octavioi (Bokermann, 1965) CF, FF

Ischnocnema parva (Girard, 1853) CF

Ischnocnema cf. venancioi (Lutz, 1958) CF

Bufonidae

Dendrophryniscus brevipollicatus Jiménez de la Espada, 1870 CF

Rhinella hoogmoedi Caramaschi and Pombal, 2006 CF

Rhinella icterica (Spix, 1824) CF, FF, M

Rhinella ornata (Spix, 1824) CF, FF, M

Centrolenidae

Vitreorana sp. CF

Craugastoridae

Euparkerella brasiliensis (Parker, 1926) * CF, FF

Haddadus binotatus (Spix, 1824) CF, FF

Cycloramphidae

Cycloramphus brasiliensis (Steindachner, 1864) * CF

Thoropa miliaris (Spix, 1824) CF, FF

Zachaenus parvulus (Girard, 1853) CF

Hemiphractidae

Fritziana goeldii (Boulenger, 1895) CF

Gastrotheca albolineata (Lutz and Lutz, 1939) CF

Hylidae

Aplastodiscus eugenioi (Carvalho-e-Silva and Carvalho-e-Silva, 2005) CF, FF

Bokermannohyla circumdata (Cope, 1871) CF

Dendropsophus anceps (Lutz, 1929) FF, M

Dendropsophus berthalutzae (Bokermann, 1962) CF, FF, M

Continued on next page
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Table 1. Continued.

TAXA HABITAT

Dendropsophus bipunctatus (Spix, 1824) FF, M

Dendropsophus decipiens (Lutz, 1925) FF, M

Dendropsophus elegans (Wied-Neuwied, 1824) CF, FF, M

Dendropsophus giesleri (Mertens, 1950) FF

Dendropsophus meridianus (Lutz, 1954) FF, M

Dendropsophus microps (Peters, 1872) M

Dendropsophus minutus (Peters, 1872) FF, M

Dendropsophus pseudomeridianus (Cruz, Caramaschi and Dias, 2000) FF, M

Dendropsophus seniculus (Cope, 1868) CF, FF, M

Hypsiboas albomarginatus (Spix, 1824) CF, FF, M

Hypsiboas albopunctatus (Spix, 1824) M

Hypsiboas faber (Wied-Neuwied, 1821) CF, FF, M

Hypsiboas pardalis (Spix, 1824) CF, M

Hypsiboas secedens (Lutz, 1963) * CF, FF

Hypsiboas semilineatus (Spix, 1824) CF, FF, M

Itapotihyla langsdorffii (Duméril and Bibron, 1841) FF

Phyllomedusa burmeisteri (Boulenger, 1882) CF, FF, M

Phyllomedusa rohdei Mertens, 1926 CF, FF, M

Scinax albicans (Bokermann, 1967) * CF

Scinax alter (Lutz, 1973) M

Scinax argyreornatus (Miranda-Ribeiro, 1926) CF, FF, M

Scinax cuspidatus (Lutz, 1925) FF, M

Scinax flavoguttatus (Lutz and Lutz, 1939) CF

Scinax hayii (Barbour, 1909) CF

Scinax humilis (Lutz and Lutz, 1954) * CF, FF, M

Scinax v-signatus (Lutz, 1968)* CF

Scinax aff. x-signatus CF, FF, M

Sphaenorhynchus planicola (Lutz and Lutz, 1938) M

Trachycephalus mesophaeus (Hensel, 1867) CF, FF, M

Trachycephalus nigromaculatus Tschudi, 1838 FF

Hylodidae

Crossodactylus aeneus Müller, 1924 CF

Hylodes asper (Müller, 1924) CF

Hylodes charadranaetes Heyer and Cocroft, 1986 * CF

Hylodes lateristrigatus (Baumann, 1912) CF

Hylodes pipilans Canedo and Pombal 2007 * CF

Megaelosia goeldii (Baumann, 1912) CF

Leptodactylidae

Adenomera cf. bokermanni (Heyer 1973) M

Adenomera marmorata Steindachner, 1867 CF, FF, M

Leptodactylus fuscus (Schneider, 1799) M

Leptodactylus latrans (Steffen, 1815) CF, FF, M

Leptodactylus mystacinus (Burmeister, 1861) FF

Leptodactylus spixi Heyer, 1983 FF

Physalaemus signifer (Girard, 1853) CF, FF, M

Microhylidae

Chiasmocleis carvalhoi Cruz, Caramaschi and Izecksohn, 1997 CF, FF

Myersiella microps (Duméril and Bibron, 1841) FF

Stereocyclops parkeri (Wettstein, 1934) FF

Odontophrynidae

Proceratophrys appendiculata (Günther, 1873) * CF

Proceratophrys boiei (Wied-Neuwied, 1824) CF

Ranidae

Lithobates catesbeianus (Shaw, 1802) M

GYMNOPHIONA

Siphonopidae

Siphonops hardyi Boulenger, 1888 CF

Typhlonectidae

Chthonerpeton braestrupi Taylor, 1968 FF
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Biológica de Boracéia (in São Paulo state) presenting a

comparable richness (see review in Salles et al. 2009). This

reflects the intensive and extensive sampling effort employed

in our study and the diversity of habitats (including both

forested and open areas) and altitudinal gradient (30 - 700m)

surveyed, all of which likely maximized our potential to

sample a representative portion of the region’s anuran

diversity. The reptile richness reported here for REGUA is

likely underestimated, but is still among the highest recorded

for inventoried areas of Atlantic Forest (see review in Salles et

al. 2010). Our study represents a further contribution to the

knowledge of the herpetofauna of the Serra dos Órgãos

region, adding more information to previously published lists

of amphibians and reptiles from other localities within that

region (Siqueira et al. 2009, 2011b, Silva-Soares et al. 2010,

Vrcibradic et al. 2011b).

Figure 2. Some anurans recorded in the Reserva Ecológica de Guapiaçu, southeastern Brazil: a) Brachycephalus ephippium; b) Ischnocnema guentheri;
c) Rhinella hoogmoedi; d) Rhinella ornata; e) Euparkerella brasiliensis; f) Haddadus binotatus; g) Cycloramphus brasiliensis; h) Zachaenus parvulus.
Photos by M. Almeida-Gomes (a, b, c, h) and D. Vrcibradic (d, e, f, g).
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Of the 73 amphibian species recorded, 25 (34%) were found

only in continuous forest, whereas 17 (23%) were found in all

three types of habitats (continuous forest, forest fragments and

matrix) (Table 1). Of the 37 reptile species recorded, 13 (35%)

were found only in continuous forest, whereas four (11%) were

found only in matrix habitat (Table 2). Landscape hetero-

geneity (continuous forest, forest fragments and matrix

habitats) allows for different forms of occupation by species

of the herpetofauna (Almeida-Gomes et al. 2010, Dixo &

Metzger 2010; Almeida-Gomes & Rocha 2014, Almeida-Gomes

& Rocha in press), as observed in the present study at REGUA.

The amphibian community was dominated by species of the

family Hylidae (33 spp.), many of them found in disturbed

landscapes, where they commonly use permanent or temporary

ponds for reproduction (e.g. Almeida-Gomes et al. 2008, 2010).

Among reptiles, some species such as the crocodylian Caiman

Figure 3. Some anurans recorded in the Reserva Ecológica de Guapiaçu, southeastern Brazil: a) Gastrotheca albolineata; b) Bokermannohyla

circumdata; c) Dendropsophus anceps; d) Dendropsophus seniculus; e) Hypsiboas faber; f) Phyllomedusa burmeisteri; g) Scinax v-signatus;
h) Trachycephalus nigromaculatus. Photos by L. Fusinatto (a, f), M. Almeida-Gomes (b, c, d, g, h) and V. Borges-Júnior (e).
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latirostris (broad-snouted caiman) were found only in the

matrix habitat (specifically in wetlands and ponds). Thus, not

only the forested habitats but also the matrix habitats are

responsible for maintaining the great local diversity of

amphibians and reptiles observed at REGUA.

We recorded two exotic species among the herpetofauna of

REGUA: the African gekkonid lizard Hemidactylus mabouia

(tropical house gecko) and the North American ranid frog

Lithobates catesbeianus (American bullfrog). It is noteworthy

that we recorded the presence of H. mabouia in natural areas

inside some forest fragments sharing the habitat with native

lizards. This indicates that H. mabouia has become an invasive

species in remnants of Atlantic Forest in the area, as reported

for other localities in Brazil (Anjos & Rocha 2008, Rocha et al.

2011). However, this species has not been recorded so far within

the continuous forest of REGUA, only in fragments and in the

matrix habitat. This suggests that H. mabouia may have a

limited ability to colonize the more preserved forest habitats in

Figure 4. Some anurans recorded in the Reserva Ecológica de Guapiaçu, southeastern Brazil: a) Hylodes charadranaetes; b) Megaelosia goeldii;
c) Adenomera marmorata; d) Leptodactylus mystacinus; e) Physalaemus signifer; f) Chiasmocleis carvalhoi; g) Myersiella microps; h) Proceratophrys

boiei. Photos by D. Vrcibradic (a, b, e), L. Fusinatto (c), M. Almeida-Gomes (d, f, h) and V. Borges-Júnior (g).
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the area, especially far from forest edges. On the other hand, we

found the bullfrog L. catesbeianus only in matrix habitats, with

no records of the species occurring in natural habitats within

the reserve. This suggests that L. catesbeianus may not have

become an invasive species in the area and is possibly confined

to perianthropic environments. The status of introduced

American bullfrog populations in Brazil and their actual

impact on natural ecosystems are currently not well known,

despite this species having been reported in the wild from

numerous localities in Brazil (Giovanelli et al. 2008, Both et al.

2011).

Regarding amphibians, nine species (Euparkerella brasilien-

sis, Cycloramphus brasiliensis, Proceratophrys appendiculata,

Hypsiboas secedens, Scinax albicans, Scinax humilis, Scinax

v-signatus, Hylodes charadranaetes, and Hylodes pipilans) are

currently considered as endemic to state of Rio de Janeiro

(Weber et al. 2009, Dias et al. 2013, Haddad et al. 2013, Silva

& Alves-Silva 2013), representing 12% of the species herein

recorded. Five amphibian species (H. secedens, Crossodactylus

aeneus, H. charadranaetes, H. pipilans and Chthonerpeton

braestrupi) are presently categorized by the IUCN (2013) as

‘‘data-deficient’’, two (C. brasiliensis and Aplastodiscus euge-

nioi) as ‘‘near threatened’’, and one (Chiasmocleis carvalhoi) as

‘‘endangered’’. Among the reptile species recorded, one (the

turtle Hydromedusa maximiliani) is presently categorized by the

IUCN (2013) as ‘‘vulnerable’’. The presence of endemic species

and species listed in threatened categories points to the

potential of REGUA for species conservation. Moreover, three

of the ‘‘data-deficient’’ species (Crossodactylus aeneus, H.

charadranaetes, and H. pipilans) and the two near-threatened

ones (C. brasiliensis and A. eugenioi) have their life cycle

restricted to streams inside forests, a life history characteristic

that has been linked to amphibian declines in pristine areas

(Stuart et al. 2004, Whiles et al. 2006), which points to the

urgency of monitoring studies of these populations. A further

interesting fact is that sites with ‘‘data-deficient’’ species may

indicate high potential for discovery of new species (Trindade-

Filho et al. 2012) suggesting that, besides the species recently

described from the general area (e.g. Hylodes pipilans; Canedo

& Pombal 2007), there may be more unknown species to be

found or described at REGUA and its surroundings (e.g.

Gehara et al. 2013). Furthermore, some species currently

recognized as data deficient might have their extinction threat

underestimated (Almeida-Gomes et al. 2014), which makes it

urgent to conduct further studies to assess their real population

status.

Some of the amphibians recorded at REGUA present

taxonomic problems. One caecilian collected in a large forest

fragment while moving on the ground during a rainy night was

identified as Chthonerpeton braestrupi by Dr Mark Wilkinson

(Natural History Museum, London, UK). This species is

currently known only from the original description by Taylor

(1968), who gives an imprecise type locality (‘‘Brazil’’). Also,

the sole type specimen is apparently lost (see Frost 2013). More

sampling effort and study of Chthonerpeton specimens in

zoological collections are needed to determine to which

population(s) the name Chthonerpeton braestrupi can be

applied. Among the frogs, Scinax aff. x-signatus apparently

represents an undescribed species (M.C.S. Cardoso, pers.

comm.). One glass frog (Vitreorana sp.) was seen on a

bromeliad at night, but evaded capture and therefore could

not be identified to species (no other glass frogs were seen

during the study). The taxonomic status of populations

currently attributed to Adenomera bokermanni is problematic,

as the type series of that taxon is composed of more than

one species (J.P. Pombal Jr, pers. comm.). Also, what we

are treating here under the name Scinax v-signatus may

represent more than one taxon. Finally, taxa such as

Ischnocnema guentheri (Gehara et al. 2013), Euparkerella

brasiliensis (Fusinatto et al. 2013), Adenomera marmorata

(C.S. Cassini, pers. comm.), and Dendrophryniscus brevipolli-

catus (C.A.G. Cruz, pers. comm.) represent species complexes,

and the taxonomic status and/or the number of taxa recognized

under those names that occur at REGUA are not known at

present.

Based on our extensive sampling effort, using different

collecting methodologies during a long-term study, we believe

that REGUA currently constitutes one of the most well

studied areas in the state of Rio de Janeiro, regarding its

herpetofauna. We believe that our species list is quite

comprehensive (especially for amphibians) and represents a

good approximation of the composition of the local herpeto-

fauna, and that REGUA can be considered as a reservoir of a

considerable portion of the state’s amphibian and reptile

biodiversity.

Acknowledgments

This study was supported by research grants from the

Conselho Nacional de Desenvolvimento Cientı́ fico e

Tecnológico (CNPq) (processes 304791/2010-5 and 472287/

2012-5) and from Fundação de Amparo à Pesquisa do Estado
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Table 2. Reptile species of the Reserva Ecológica de Guapiaçu (REGUA) and its surroundings, municipality of Cachoeiras de Macacu, state of
Rio de Janeiro. The habitats where they have been recorded are represented by: CF –– continuous forest of REGUA; FF –– forest fragments; and M
– matrix habitats (composed of pastures, wetlands and anthropogenic areas).

TAXA Habitat

AMPHISBAENIA

Amphisbaenidae

Amphisbaena microcephala (Wagler, 1824) CF

LACERTILIA

Anguidae

Ophiodes striatus (Spix, 1824) FF, M

Dactyloidae

Anolis fuscoauratus D’Orbigny, 1837 FF

Anolis punctatus Daudin, 1802 CF, FF

Gekkonidae

Hemidactylus mabouia (Moreau de Jonnès, 1818) FF, M

Gymnophtalmidae

Ecpleopus gaudichaudii Duméril and Bibron, 1839 CF, FF

Leiosauridae

Enyalius brasiliensis (Lesson, 1830) CF, FF

Phyllodactylidae

Gymnodactylus darwinii (Gray, 1845) FF

Scincidae

Mabuya macrorhyncha Hoge, 1946 FF, M

Teiidae

Ameiva ameiva (Linnaeus, 1758) M

Salvator merianae Duméril and Bibron, 1839 CF, FF

SERPENTES

Boidae

Boa constrictor Linnaeus, 1758 M

Corallus hortulanus (Linnaeus, 1758) CF, FF

Colubridae

Chironius bicarinatus (Wied, 1820) FF

Chironius foveatus Bailey, 1955 CF

Chironius fuscus (Linnaeus, 1758) CF

Chironius laevicollis (Wied, 1824) M

Echinanthera amoena (Jan, 1863) CF

Echinanthera cephalostriata Di Bernardo, 1996 CF

Helicops carinicaudus (Wied-Neuwied, 1825) CF

Imantodes cenchoa (Linnaeus, 1758) CF

Liophis miliaris (Linnaeus, 1758) FF, M

Liophis reginae (Linnaeus, 1758) CF, FF

Oxyrhopus clathratus Duméril, Bibron & Duméril, 1854 CF

Oxyrhopus petolarius (Linnaeus, 1758) CF, FF

Philodryas patagoniensis (Girard, 1858) M

Pseustes sulphureus (Wagler, 1824) CF

Sibynomorphus neuwiedi (Ihering, 1911) CF,FF

Siphlophis compressus (Daudin, 1803) CF

Spilotes pullatus (Linnaeus, 1758) CF, M

Taeniophallus affinis (Günther, 1858) CF, FF

Xenodon neuwiedii Günther, 1863 CF, FF

Elapidae

Micrurus corallinus (Merrem, 1820) CF

Viperidae

Bothrops jararaca (Wied, 1824) CF, FF

Bothrops jararacussu Lacerda, 1884 CF

CROCODYLIA

Alligatoridae

Caiman latirostris (Daudin, 1802) M

TESTUDINES

Chelidae

Hydromedusa maximiliani (Mikan, 1820) CF
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Figure 6. Some reptiles recorded in the Reserva Ecológica de Guapiaçu, southeastern Brazil: a) Anolis fuscoauratus; b) Ecpleopus gaudichaudii;
c) Enyalius brasiliensis; d) Gymnodactylus darwinii; e) Mabuya macrorhyncha; f) Corallus hortulanus; g) Chironius fuscus; h) Echinanthera amoena.
Photos by D. Vrcibradic (a, d, e, f, h), M. Almeida-Gomes (b), C.F. Rocha (c) and L. Fusinatto (g).
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Pesquisa do Estado de São Paulo (FAPESP). We are grateful to

Nicholas J. Locke of the Reserva Ecológica de Guapiaçu
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E.C.N. & VAN SLUYS, M. 2007. A survey of the leaf-litter frog

assembly from an Atlantic forest area (Reserva Ecológica de
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http://dx.doi.org/10.1590/1676-0603007813 http://www.scielo.br/bn

., 14(3): e20130078, 2014

http://dx.doi.org/10.1007%2Fs10592-013-0488-5
http://dx.doi.org/10.1007%2Fs10592-013-0488-5
http://dx.doi.org/10.1007%2Fs10530-007-9154-5
http://dx.doi.org/10.1007%2Fs10530-007-9154-5
http://dx.doi.org/10.1590%2FS0001-37652011000400017
http://dx.doi.org/10.1590%2FS0001-37652011000400017
http://dx.doi.org/10.1590%2FS1984-46702011000500006
http://dx.doi.org/10.1590%2FS1984-46702011000500006
http://dx.doi.org/10.1590%2FS1519-69842012000100029
http://dx.doi.org/10.1590%2FS1519-69842012000100029
http://dx.doi.org/10.1590%2FS1984-46702012000300007
http://dx.doi.org/10.1590%2FS1984-46702012000300007
http://dx.doi.org/10.1016%2Fj.biocon.2009.02.021
http://dx.doi.org/10.1590%2FS1984-46702011000600007
http://dx.doi.org/10.1590%2FS1984-46702011000600007
http://dx.doi.org/10.11646%2Fzootaxa.3609.2.7


SILVA-SOARES, T., HEPP, F., COSTA, P.N., LUNA-DIAS, C.,

GOMES, M.R., CARVALHO-E-SILVA, A.M.P.T. &

CARVALHO-E-SILVA, S.P. 2010. Anfibios Anuros da RPPN

Campo Escoteiro Geraldo Hugo Nunes, Municı́pio de Guapimirim,

Rio de Janeiro, sudeste do Brasil. Biota Neotrop. 10(2):225-233.

http://dx.doi.org/10.1590/S1676-06032010000200025

SILVA-SOARES, T., WEBER, L.N. & SALLES, R.O.L. 2008.

Amphibia, Anura, Hylidae, Hylodes pipilans: Distribution exten-

sion. Check List 4(3):295-296.

SILVEIRA, A.L., SALLES, R.O.L. & PONTES, R.C. 2009. Primeiro

registro de Rhinella pombali e novos registros de R. crucifer e R.

ornata no Estado do Rio de Janeiro, Brasil (Amphibia, Anura,

Bufonidae). Biotemas 22(4):231-235. http://dx.doi.org/10.5007/

2175-7925.2009v22n4p231

SILVEIRA, A.L., VRCIBRADIC, D., ROCHA, C.F.D. &

SIQUEIRA, C.C. 2010. Geographic Distribution. Echinanthera

amoena. Herpetol. Rev. 41(1):109.

SIQUEIRA, C.C., VRCIBRADIC, D., ALMEIDA-GOMES, M.,
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Appendix 1

Voucher specimens of amphibians and reptiles from the Reserva Ecológica de Guapiaçu deposited at the Museu
Nacional, Rio de Janeiro (MNRJ).

AMPHIBIANS: GYMNOPHIONA: Siphonopidae: Siphonops hardyi (MNRJ 65728); Typhlonectidae: Chthonerpeton braestrupi

(MNRJ 70119); ANURA: Brachycephalidae: Brachycephalus didactylus (MNRJ 55473-74, 57736, 68818-21, 86330); Brachycephalus

ephippium (MNRJ 38104, 56517-18); Ischnocnema guentheri (MNRJ 53764, 55471-72, 59158, 66774-87, 68704, 86746-49);

Ischnocnema octavioi (MNRJ 38129-32, 56613, 62328, 86767-68); Ischnocnema parva (MNRJ 56603, 66769-73, 73201-02);

Ischnocnema cf. venancioi (MNRJ 60163); Bufonidae: Dendrophryniscus brevipollicatus (MNRJ 58294-95, 60701-02); Rhinella

hoogmoedi (MNRJ 79893); Rhinella icterica (MNRJ 54372-74, 86314-16); Rhinella ornata (MNRJ 61075-91, 86737-43);

Craugastoridae: Euparkerella brasiliensis (MNRJ 37317-18, 38212-21, 49300, 56932-35, 56943-51, 57561-63, 57735, 57737-41,

57787-90, 68702-3, 86845-47); Haddadus binotatus (MNRJ 53620, 55476-78, 66160, 66767-68, 86729-36); Cycloramphidae:

Cycloramphus brasiliensis (MNRJ 55468, 76433-38); Thoropa miliaris (MNRJ 55447, 86710); Zachaenus parvulus (MNRJ 55448,

56938-39); Hemiphractidae: Fritziana goeldii (MNRJ 51516, 53758, 67315); Gastrotheca albolineata (MNRJ 59537, 65495, 86336);

Hylidae: Aplastodiscus eugenioi (MNRJ 45783, 58950, 60197-98); Bokermannohyla circumdata (MNRJ 57018-22, 57292, 59536);

Dendropsophus anceps (MNRJ 86317, 86722-25); Dendropsophus berthalutzae (MNRJ 79895, 86812-16); Dendropsophus bipunctatus

(MNRJ 56936-37, 86804-07); Dendropsophus decipiens (MNRJ 67307); Dendropsophus elegans (MNRJ 49307, 86744-45);

Dendropsophus giesleri (MNRJ 64156); Dendropsophus meridianus (MNRJ 63949, 86809-11); Dendropsophus microps (MNRJ

61050); Dendropsophus minutus (MNRJ 56940-41, 86801-03); Dendropsophus pseudomeridianus (MNRJ 86817-23); Dendropsophus

seniculus (MNRJ 63947, 86726-28); Hypsiboas albomarginatus (MNRJ 86808); Hypsiboas albopunctatus (MNRJ 86896); Hypsiboas

faber (MNRJ 86685-92); Hypsiboas pardalis (MNRJ 40610-11); Hypsiboas secedens (MNRJ 40609, 61475-77, 86331-34, 86337);

Hypsiboas semilineatus (MNRJ 54013, 86339, 86750); Itapotihyla langsdorffii (MNRJ 86770-71); Phyllomedusa burmeisteri (MNRJ

47954, 68866, 86711-13); Phyllomedusa rohdei (MNRJ 64632; 86714-17); Scinax albicans (MNRJ 40080-82, 57243-44, 86751-66);

Scinax alter (MNRJ 57084, 86782); Scinax argyreornatus (MNRJ 49514-25, 64634, 68692, 86783-90); Scinax cuspidatus (MNRJ

67397-98); Scinax flavoguttatus (MNRJ 53311); Scinax hayii (MNRJ 57600-02); Scinax humilis (MNRJ 40083-95, 49278-79, 58951,

61213, 63948); Scinax v-signatus (MNRJ 51800, 53902-03, 68691); Scinax aff. x-signatus (MNRJ 40809-11, 57783-86, 63950,

86318);Sphaenorhynchus planicola (MNRJ 87098-101); Trachycephalus mesophaeus (MNRJ 49301, 79894); Trachycephalus

nigromaculatus (MNRJ 86709); Hylodidae: Crossodactylus aeneus (MNRJ 75172, 82563, 86838-41); Hylodes asper (MNRJ

60169-70, 60181, 86892); Hylodes charadranaetes (MNRJ 59064-65, 60167-68, 60174-77, 60180); Hylodes lateristrigatus (MNRJ

68986); Hylodes pipilans (MNRJ 59038-46, 59066, 60173, 68735); Megaelosia goeldii (MNRJ 86296); Leptodactylidae: Adenomera

cf. bokermanni (MNRJ 86893); Adenomera marmorata (MNRJ 66561, 86327-29, 86772-81); Leptodactylus fuscus (MNRJ 86718);

Leptodactylus latrans (MNRJ 51742-46, 61217); Leptodactylus mystacinus (MNRJ 86720-21); Leptodactylus spixi (MNRJ 57294,

86719); Physalaemus signifer (MNRJ 59897, 66441, 86791-800); Microhylidae: Chiasmocleis carvalhoi (MNRJ 38105-07, 49302,

53464, 68736, 68739-40, 74592, 86335); Myersiella microps (MNRJ 49311, 86837); Stereocyclops parkeri (MNRJ 54768, 57295,

60553, 86338); Odontophrynidae: Proceratophrys appendiculata (MNRJ 54012, 55470); Proceratophrys boiei (MNRJ 55469, 68764-

83, 68810-11, 86769); Ranidae: Lithobates catesbeianus (MNRJ 86693-94). REPTILES: SQUAMATA: Amphisbaenidae: Amphisbaena

microcephala (MNRJ 16474); Anguidae: Ophiodes striatus (MNRJ 19410); Boidae: Corallus hortulanus (MNRJ 18550, 19231);

Colubridae: Chironius bicarinatus (MNRJ 18066); Chironius foveatus (MNRJ 15375, 18479); Chironius fuscus (MNRJ 16909, 19743,

24134); Echinanthera amoena (MNRJ 18068); Echinanthera cephalostriata (MNRJ 12347, 19288); Helicops carinicaudus (MNRJ

18085); Imantodes cenchoa (MNRJ 19289, 23207); Liophis miliaris (MNRJ 18528, 24389); Liophis reginae (MNRJ 16364, 18462);

Oxyrhopus clathratus (MNRJ 23509); Oxyrhopus petolarius (MNRJ 12349, 15370, 18211); Philodryas patagoniensis (MNRJ 12350-

51, 16365); Sibynomorphus neuwiedi (MNRJ 12345-46, 18086); Siphlophis compressus (MNRJ 19389); Taeniophallus affinis (MNRJ

16899, 19165-66); Xenodon neuwiedii (MNRJ 16367, 18097, 19388); Dactyloidae: Anolis fuscoauratus (MNRJ 16548); Anolis

punctatus (MNRJ 15373, 19133, 19245-46); Elapidae: Micrurus corallinus (MNRJ 24391); Gekkonidae: Hemidactylus mabouia

(MNRJ 12353, 19243-44); Gymnophtalmidae: Ecpleopus gaudichaudi (MNRJ 12352, 24276-300); Leiosauridae: Enyalius brasiliensis

(MNRJ 12354-58, 21569-82); Phyllodactylidae: Gymnodactylus darwini (MNRJ 20558-72); Scincidae: Mabuya macrorhyncha

(MNRJ 19241-42); Viperidae: Bothrops jararaca (MNRJ 16366); Bothrops jararacussu (MNRJ 12348); TESTUDINES: Chelidae:

Hydromedusa maximiliani (MNRJ 21127).
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Paraná, Brazil. e-mail: marleners@ibest.com.br (MRS); rosemarafugi@gmail.com (RF);

nati_carniatto@hotmail.com (NC)
2Núcleo de Pesquisas em Limnologia, Ictiologia e Aquicultura (Nupélia) - Universidade Estadual de
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Abstract: The aim of this investigation was to respond the following question: is the consumption of

allochthonous resources by Astyanax aff. fasciatus influenced by the longitudinal gradient in streams? To

respond this question we sampled fish in the headwater, middle and mouth stretches of four streams

(Upper Paraná River basin). Samplings were carried out from July 2007 to June 2008 using electrical

fishing. Fish were identified, measured and their stomach contents identified and quantified. Spatial

variations (among longitudinal stretches) in the diet were summarized using a principal coordinate

analysis (PCoA). Spatial differences in the diet were tested with a multiresponse permutation procedure

(MRPP). Allochthonous resources had the highest percentage of the A. aff. fasciatus diet in all stretches;

however, the increased importance of autochthonous resources in the fish diet in the stream mouths made

these stretches to differ significantly from the middle and headwater ones. The ordination analysis

separated the fish diet sampled in the stream mouth from the diet of most fish samples in the headwater

and middle stretches. The results highlight the importance of allochthonous resources, mainly insects, in

the diet of A. aff. fasciatus. However, the diet was affected by longitudinal gradient and followed the

pattern described for these ecosystems, where fish depend basically of allochthonous material in the

headwaters and the importance of these resources decrease along the longitudinal gradient.

Keywords: Fish, feeding resources, terrestrial subsidies, Pirapó River, Paraná River.

SILVA, M.R., FUGI, R., CARNIATTO, N., GANASSIN, M.J.M. Importância dos recursos alóctones

na dieta de Astyanax aff. fasciatus (Osteichthyes: Characidae) em riachos: uma abordagem longitudinal.

http://dx.doi.org/10.1590/1676-06032014001613

Resumo: O objetivo deste estudo foi responder a seguinte pergunta: o consumo de recursos alóctones por

Astyanax aff. fasciatus é influenciado pelo gradiente longitudinal dos riachos? Para responder esta

questão, foram amostrados peixes na cabeceira, no meio e na foz de quatro riachos (bacia do alto Rio

Paraná). As amostragens foram realizadas entre julho/2007 e junho/2008, utilizando-se pesca elétrica. Os

peixes foram identificados, medidos e seus conteúdos estomacais identificados e quantificados. Variações

espaciais (entre os trechos) na dieta foram sumarizadas através da análise de ordenação de coordenadas

principais (PCoA). Diferenças espaciais na dieta foram testadas através do procedimento de permutação

de multiresposta (MRPP). Recursos alimentares alóctones compuseram a maior parcela da dieta de A.

aff. fasciatus em todos os trechos, porém, na foz dos riachos a dieta diferiu significativamente do meio e

da cabeceira, sendo esta diferença causada pelo incremento de recursos autóctones na dieta na foz. A

análise de ordenação mostrou a separação da dieta dos peixes amostrados na foz da dieta da maioria dos

peixes amostrados na cabeceira e no meio. Estes resultados evidenciam a importância de recursos

alóctones, principalmente insetos, na dieta de A. aff. fasciatus. No entanto, a dieta foi influenciada pelo

gradiente longitudinal, seguindo o padrão descrito para estes ambientes, onde na cabeceira os peixes

dependem primariamente de material alóctone, e ao longo do gradiente ocorre um decréscimo na

importância destes recursos.

Palavras-chave: Peixes, recursos alimentares, subsı́dios terrestres, rio Pirapó, Rio Paraná.
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Introduction

Fish inhabiting streams depend on some environmental

factors for the success of their ecological functions, such as the

size of the stream and drainage basin (Oliveira & Bennemann

2005), morphological characteristics of the environment, flow

velocity, cover of riparian vegetation (Vannote et al. 1980,

Ferreira & Casatti 2006, Lorion & Kennedy 2009), availability

of autochthonous (in situ) and allochthonous food resources

(ex situ) (Vannote et al. 1980, Polis et al. 1997, Lancaster et al.

2008, Lorion & Kennedy 2009).

Streams and adjacent areas are ecosystems closely con-

nected by the flow of matter and by the movement of organisms

(Baxter et al. 2005), and this exchange allows the input of

resources to aquatic ecosystem (Power et al. 2004, Lorion &

Kennedy 2009). Subsidies comprise the flow of energy

biologically fixed and nutrients from an ecosystem to another,

that is, allochthonous resources (Polis et al. 1997, Richardson

et al. 2009), and the vegetation adjacent to rivers and streams

potentially has a large impact on aquatic communities (Erös

et al. 2012). Thus, as important as the high internal productivity

of the aquatic ecosystem, which sustains consumer populations,

are the subsidies coming from the interface of terrestrial

habitats, which ensures the supply of food resources to local

populations even in environments where primary productivity

is low (Rose & Polis 1998, Pace et al. 2004, Richardson et al.

2009). Subsidies as invertebrates can represent up to half of

the energy in the diet of stream fish (Masson & Macdonald

1982), indicating that in these environments the availability

of prey induce higher consumption (Rezende & Mazzoni,

2006), or the fishes have a preference for these organisms

(Main & Lyon 1988, Garman 1991). The importance of

subsidies in the diet of stream fish has been frequently

reported in tropical regions (Henry et al. 1994, Vitule et al.

2008, Wolff et al. 2009, Tófoli et al. 2010, Manna et al. 2012,

Small et al. 2013).

The input of subsidies to lotic ecosystems is associated with

a gradient of physical conditions and biotic adjustments, from

the headwaters to the mouth (River Continuum Concept, sensu

Vannote et al. 1980). The headwaters suffers greater influence

from the riparian vegetation than the mouth, decreasing the

autotrophic production due to shading of the water, and at

the same time contributing to the input of allochthonous

material (mainly plants and insects) (Vannote et al. 1980). In

rivers and streams there is a remarkable longitudinal gradient

of food resources dominant in the fish diet, and in headwaters

regions fish depend primarily on allochthonous material, made

up of terrestrial insects and plant debris (Lowe-McConnell

1975). Manna et al. (2012) observed that the diet of Astyanax

taeniatus varied according to physical characteristics of the

environment, showing a reduced amount of allochthonous

resources (mostly plant debris) along the longitudinal gradient

of the stream.

Species of the genus Astyanax are considered flexible in the

use of food resources in streams, and have been described as

opportunistic with high feeding plasticity (Wolff et al. 2009,

Manna et al. 2012). However several studies have shown the

predominance of allochthonous resources, especially insects

and higher plants (leaves, fruits and seeds) in the diet of these

fish in streams (Bennemann et al. 2005, Borba et al. 2008,

Ferreira et al. 2011), even those with little vegetation cover

(Borba et al. 2008). On the other hand, some species of this

genus have also consumed predominantly autochthonous

resources (Mazzoni & Costa 2007, Mazzoni et al. 2010).

According to Mazzoni et al. (2010) the almost absolute

predominance of autochthonous items in the diet of Astyanax

janeiroensis in closed sites of a coastal stream highlights the

importance of internal processes in the maintenance of low

order stream systems.

In this context, this study aimed to respond the following

question: is the consumption of allochthonous resources by

Astyanax aff. fasciatus (Cuvier, 1829) influenced by the

longitudinal gradient in streams? To answer this question,

fishes were sampled in rural streams belonging to the sub-basin

of the Pirapó River, Upper Paraná River basin.

Material and Methods

Study area

This study was conducted in four low order rural streams

(Água da Roseira, Remo, Romeira and Zaúna - Figure 1),

belonging to the Pirapó River sub-basin, Upper Paraná River

basin. This sub-basin is bounded by latitude 22630 ’and 23630’

South and longitude 51615’ and 52615’ West, with a drainage

area of approximately 5,076 km2 (Peruço 2004). Sampling was

performed in three stretches of each stream: headwaters (He),

middle (Mi) and mouth (Mo) (Figure 1).

The Água da Roseira stream has steep banks, narrow bands

of arboreal riparian vegetation (He = 14.3 km; Mi = 16.0 km;

Mo = 11.0 km), drainage area of 867 km2 and is located at

23620’56,30’’S - 51654’52,31’’W. The Remo stream has hetero-

geneous arboreal vegetation, alternating native and exotic

species. The width of the vegetation along its banks is variable

(He = 54.0 km; Mi = 19.0 km ; Mo = 15.0 km), its drainage area

is of 792 km2 and is located between coordinates 23621’39,26’’S

- 52601’02,48’’W. The Romeira stream has riparian vegetation

with variable width along its steep banks (He = 24.5 km; Mi =

20.0 km; Mo = 9.5 km); its drainage area has 895 km2 and is

located at 23622’04,05’’S - 51658’43,50’’W. In the Zaúna stream

the riparian vegetation is extensive along almost its entire

course (He = 27.0 km; Mi = 30.3 km; Mo = 34.5 km); it is the

smallest stream among the studied streams, with drainage area

of 297 km2, and is located at 23623’47,36’’S - 51651’02,09’’W.

The headwaters and middle stretches were more structured

considering the presence of trunks, branches and leaves in the

bed, when compared to the mouth region. The width of the

riparian vegetation was larger in the headwaters stretches,

compared with the mouth, except for the Zaúna stream, where

the vegetation width varied little between stretches.

Sampling and data analysis

Bimonthly samples were taken from July 2007 to June 2008,

in three stretches of the streams, headwaters, middle and

mouth, totaling 12 sampling sites. Samples were collected using

electrofishing equipment (AC portable generator, 2.5 KW, 400

V, 2A), through three successive catches with constant unit

effort over a segment of approximately 20-fold the average

width of the stream bed (Lyons 1992), and the stretches were

delimited by blocking nets with 2 mm between knots.

Fish caught were anesthetized with eugenol, preserved in

10% formalin and later identified, counted, measured (standard

length), weighed (total weight) and eviscerated. Astyanax aff.

fasciatus was not caught in enough number for analyses in the

mouth of the Romeira stream. Voucher specimens were
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deposited in the Fish Collection of the Center for Research in

Limnology, Ichthyology and Aquaculture –– State University of

Maringá (NUP 5580; NUP 6370). Stomachs with food were

preserved in 70% alcohol and their contents were examined

under stereoscopic and optical microscopes. Food items were

identified and quantified by the volumetric method (Hyslop

1980), and the volume of each item was obtained using a

graduated plate in which the volume is obtained in mm3 and

thereafter converted into ml (Hellawel & Abel 1971).

In order to verify the importance of allochthonous

resources in the diet of A. aff. fasciatus, food items were

grouped into autochthonous and allochthonous. To check the

influence of the longitudinal gradient in the consumption of

autochthonous and allochthonous resources, differences in diet

composition between the headwaters, middle and the mouth

stretches of each streams were tested using the nonparametric

MRPP (Multi-Response Permutation Procedure –– significance

p , 0.05), which tests multivariate differences between

Figure 1. Location of streams in the sub-basin of the Pirapó River, Upper Paraná River basin, and sampling sites (N).

Biota Neotrop 3

Allochthonous resources in the diet of Astyanax aff. fasciatus

http://dx.doi.org/10.1590/1676-06032014001613 http://www.scielo.br/bn

., 14(3): e20130016, 2014



predefined groups (McCune & Grace 2002). The null hypoth-

esis tested is that there is no difference in diet composition

between stretches of streams.

To summarized the patterns of longitudinal variation

(headwaters, middle, and mouth) in the diet composition of

A. aff. fasciatus we used a Principal Coordinates Analysis

(PCoA) (Legendre & Legendre 1998), applied to the diet data

matrix, for each stream, controlling the longitudinal gradient

(headwaters, middle and mouth). For this analysis, food items

were grouped into: aquatic insects, other aquatic invertebrates,

detritus/sediment, terrestrial insects, other terrestrial inverte-

brates and terrestrial plants (see Table 1 of Results), and these

groups were referred to as food resources. This analysis was run

in R Programming Environment using the Vegan package (The

R Project for Statistical Computing, http://www.r-project.org/).

Differences in diet composition, considering different food

resources (Table 1), between the headwaters, middle and mouth

of each stream, were tested by a MRPP (Multi-Response

Permutation Procedure) as previously described. Analyses were

run using the software PC-Ord 4.0 (McCune & Mefford 2006).

Results

To describe the diet were analyzed the stomach content of

245 individuals of A. aff. fasciatus, whose standard length

ranged between 2.0 and 10.0 cm. The species showed varied

diet, totaling 28 food items, grouped into six types of food

resources (Table 1). Considering the origin of food resources, in

general, allochthonous resources comprised the largest portion

of the diet in all stretches of the four streams (Figure 2), but,

significant differences were detected in relation to the long-

itudinal gradient (Table 2).

At the headwaters and middle stretches of the four streams

sampled, allochthonous resources were dominant in the diet of

A. aff. fasciatus, whereas in the mouth, although allochthonous

resources also have been used most frequently, autochthonous

resources represented a significant portion of the diet (Figure 2).

Significant differences were registered in the composition of

allochthonous and autochthonous resources in the diet of A.

aff. fasciatus along the longitudinal gradient, with differences

detected between the headwaters and mouth for two, of the

Table 1. Diet composition (% volume) of Astyanax aff. fasciatus in four streams of the sub-basin of the Pirapó River, Upper Paraná River basin
(He= headwater; Mi= middle; Mo= mouth; value in parentheses represents the number of analyzed stomachs). Aquatic invert.= other aquatic
invertebrates; Terrestrial invert.= other terrestrial invertebrates.

Água Roseira Remo Romeira Zaúna

He Mi Mo He Mi Mo He Mi He Mi Mo

Resources/items (13) (28) (16) (25) (21) (48) (5) (40) (3) (32) (14)

Aquatic insects 13.79 2.60 23.90 7.40 0.89 26.34 14.61 4.88 7.03 6.28 20.56

Diptera 0.87 1.87 9.36 0.25 0.25 8.64 1.69 0.68 3.36 2.16 2.62

Trichoptera 1.59 0.50 11.07 0.07 0.07 7.57 1.13 2.33 0.61 2.66 12.71

Coleoptera 0.08 0.06 2.04 0.28 0.36 0.19 2.78

Ephemeroptera 0.13 2.60 1.68 0.42 3.77 0.56 3.05 0.92 1.64

Hemiptera 0.00 10.93 0.96 0.01 0.79

Odonata 11.32 0.09 0.23 2.46 0.07 1.77 0.52 0.19

Plecoptera 0.07

Neuroptera 2.64 2.53

Aquatic invert. 0.44 0.19 9.04 5.04 3.66 1.23 1.13 0.81 3.36 0.98 0.66

Amphipoda 3.93 0.24 1.13 0.31

Microcrustáceo 0.63 0.03 0.45 3.05 0.54

Oligochaeta 0.42 0.18 8.38 1.08 3.65 0.03 0.81 0.15 0.31

Tecameba 0.01 0.01 0.02 0.50 0.28 0.03

Bryozoa 0.30

Detritus/sediment 0.18 0.20 6.15 6.31 6.22 0.28 0.35 0.03

Terrestrial insects 54.01 83.11 32.97 29.99 75.41 42.52 76.88 51.93 86.54 69.41 40.89

Hymenoptera 27.87 52.92 31.30 17.69 15.71 14.67 36.82 9.45 47.40 28.55 10.97

Coleoptera 2.05 1.36 0.34 3.48 1.21 5.04 23.79 22.32 11.94 15.45

Homoptera 2.40 0.13 1.35 1.08 3.73 0.05 1.93

Lepidoptera 5.90 28.01 5.03 45.24 11.53 1.59 15.44 36.69 22.52 10.91

Diptera 0.17 1.09 0.04 0.11 11.33 0.21 0.59

Hemiptera 0.08 0.36 0.04 0.72 0.02 1.60 1.15 2.54

Orthoptera 14.83 10.10 2.28 1.13 1.72 1.93

Trichoptera 0.57 0.29 0.19

Thysanoptera 0.02 0.10

Isoptera 1.50 0.14

Dermaptera 0.01

Remains 0.85 0.27 1.15 1.29 0.69 3.51 2.26 0.67 2.44 0.57 1.00

Terrestrial invert. 11.32 0.13 0.36 0.46 1.66 1.13 0.81 5.60 0.07

Aranea 11.32 0.13 0.36 0.46 0.64 1.13 0.08 1.54 0.07

Isopoda 1.01 0.73 4.05

Terrestrial plants 20.24 13.74 27.91 50.87 19.56 22.01 5.94 41.19 3.05 17.70 37.75
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three streams sampled in mouth (Table 2). In only one stream,

the diet was similar. There were significant differences between

the middle and mouth for all streams sampled in mouth,

showing that the diet can vary a lot between these two stretches

(Table 2). There were no significant differences in the

consumption of autochthonous and allochthonous resources

between the headwaters and middle at the four streams sampled

(Figure 2; Table 2).

The results of the ordination analysis indicated an

important spatial separation in the diet of A. aff. fasciatus

when considering the items grouped into food resources, and

indicated that the longitudinal gradient was important in

grouping the individuals analyzed (Figure 3). The first axis of

the PCoA explained 82.2% of data variability, and so it was the

only one analyzed. The variation revealed by this ordination

showed the separation of the diet of fish sampled in the mouth

stretches (positive scores) from the diet of most fish sampled at

the headwaters and in middle stretches (negative scores). The

food resource most positively correlated were aquatic insects,

responsible for the grouping of individuals sampled in the

mouth, and negatively, terrestrial insects, which grouped the

majority of individuals caught in the headwaters and middle

stretches of the streams (Figure 3).

Considering the food items grouped into food resources

(Table 1) the diet composition of A. aff. fasciatus in the

headwaters varied significantly from middle in two of the four

streams sampled (Table 3). Between the headwaters and mouth

differences were registered in only one stream. Significant

differences were registered between the middle and mouth for

all streams sampled in mouth. In general, in the headwaters and

middle, terrestrial insects, was the most consumed resource

Figure 2. Percentage composition (volume) of autochthonous and allochthonous resources in the diet of Astyanax aff. fasciatus in four streams
(a= Água da Roseira; b= Remo; c= Romeira; d= Zaúna) of the sub-basin of the Pirapó River, Upper Paraná River basin (He= headwaters;
Mi= middle; Mo= mouth).

Table 2. Multi Response Permutation Procedure (MRPP) used to test
differences in the composition of autochthonous and allochthonous
items in the diet of Astyanax aff. fasciatus, along the longitudinal
gradient (He= headwater; Mi= middle; Mo= mouth) of four streams
of the sub-basin of the Pirapó River, Upper Paraná River basin.

Stream A p

Água da Roseira He 6 Mi 0.022 0.082

He 6 Mo 0.044 0.037

Mi 6 Mo 0.169 ,0.001

Remo He 6 Mi 0.008 0.192

He 6 Mo 0.141 ,0.001

Mi 6 Mo 0.172 ,0.001

Romeira He 6 Mi 0.004 0.301

Zaúna He 6 Mi 0.009 0.246

He 6 Mo 0.02 0.243

Mi 6 Mo 0.159 ,0.001
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(Table 1). Hymenoptera, Coleoptera and Diptera were impor-

tant in the headwaters, and Coleoptera, Lepidoptera and

Hymenoptera in the middle, in order of importance. Besides, in

the headwaters, terrestrial plants and aquatic insects were also

important in the diet (Table 3). In the mouth the diet of A. aff.

fasciatus was composed of similar percentages of terrestrial

insects, aquatic insects and terrestrial plants (Table 1).

Considering only main insect groups consumed by A. aff.

fasciatus, it was observed an increasing trend of aquatic insects

(Diptera and Trichoptera) in the diet in the mouth stretch

(Figure 4). Hymenoptera was the most consumed terrestrial

insect in the headwaters of all streams, followed by Lepidoptera

in the Zaúna stream, and Coleoptera in the Romeira stream,

while aquatic insects were insignificant in this stretches

(Figure 4a). In the middle stretch, terrestrial insects also

predominated in all streams, with Hymenoptera being more

consumed in Água da Roseira and Zaúna streams, Coleoptera

in the Romeira, and Lepidoptera in the Remo stream, whereas

aquatic insects were little consumed (Figure 4b). In the mouth

stretch, aquatic Diptera and Trichoptera showed a relevant

increment in the diet of A. aff. fasciatus, reaching percentages

similar to those of terrestrial insects, except for Hymenoptera in

the Água da Roseira stream (Figure 4c).

Discussion

Our results showed that A. aff. fasciatus consumed a wide

range of food items and there was a predominance of

allochthonous resources in the diet, particularly insects and

plants, along the longitudinal gradient. Several studies in

streams, involving the diet of fish fauna, reveal the importance

of allochthonous subsidies to many species (Esteves & Aranha

1999, Lowe-McConnell 1999, Casatti 2002, Silva et al. 2012),

especially for the genus Astyanax (Bennemann et al. 2005,

Borba et al. 2008, Wolff et al. 2009, Ferreira et al. 2011,

Ferreira et al. 2012, Manna et al. 2012). Specifically for A. aff.

fasciatus it was reported a high consumption of terrestrial

plants and insect remains in streams of the Atlantic forest

(Villela et al. 2002, Wolff et al. 2009).

Nevertheless, the substantial consumption of allochthonous

resources in the headwaters and middle stretches and the

expressive consumption of aquatic insects in the mouth

evidenced the influence of the longitudinal gradient in the diet

of A. aff. fasciatus. These differences were caused by the

Figure 3. PCoA analysis of volumetric data of food resources in the diet of Astyanax aff. fasciatus in four streams (ARO= Água da Roseira; REM=
Remo; ROM= Romeira; ZAU= Zaúna) of the sub-basin of the Pirapó River, Upper Paraná River basin (He= headwaters; Mi= middle; Mo= mouth).

Table 3. Multi Response Permutation Procedure (MRPP) used to test
differences in the composition of items in the diet of Astyanax aff.
fasciatus, along the longitudinal gradient (He= headwater; Mi=
middle; Mo= mouth) of four streams of the sub-basin of the Pirapó
River, Upper Paraná River basin.

Stream A P

Água da Roseira He 6 Mi 0.03 0.032

He 6 Mo 0.032 0.065

Mi 6 Mo 0.051 ,0.001

Remo He 6 Mi 0.047 0.006

He 6 Mo 0.147 ,0.001

Mi 6 Mo 0.148 ,0.001

Romeira He 6 Mi 0.008 0.23

Zaúna He 6 Mi 0.011 0.068

He 6 Mo 0.025 0.22

Mi 6 Mo 0.087 ,0.001
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increase of autochthonous resources, mainly aquatic insects

represented by immature Trichoptera and Diptera, and may be

related to factors such as the presence of riparian vegetation

along the gradient, greater internal structure of the bed at the

headwaters and middle, and larger width of the channel in the

mouth stretch. Vannote et al. (1980) stated that in lotic

ecosystems, from the headwaters to the mouth, one can find a

continuous gradient of physical and biological conditions. The

headwaters region is influenced by the surrounding vegetation,

which contributes with allochthonous material (plant material

and terrestrial insects), as the stream enlarges, decreases the

importance of importing terrestrial organic matter. The

riparian vegetation is well documented in the literature as a

major supplier of food for aquatic organisms (Vannote et al.

1980, Polis et al. 1997, Baxter et al. 2005, Manna et al. 2012,

Silva et al. 2012), in turn controlling the flow of nutrients. The

shading produced by riparian vegetation limits the autotrophic

production, and fish depend on resources from the slopes for

feeding (Lowe-McConnell 1999). Moreover, Polis et al. (1997)

considered the spatial scale, emphasizing the ration of edge to

the water body (i.e. perimeter-to-area - P/A), which declines

from the headwaters towards the mouth, with a corresponding

decline in the relative importance of local allochthonous inputs.

In this context, the internal structure (trunk, branches and

leaves) of the headwaters and middle stretches increases the

environmental heterogeneity, increases the substrate area for

aquatic invertebrates, creating shelters (Wohl et al. 1995),

which probably makes it difficult the capture of these

organisms by fish. For A. taeniatus, Manna et al. (2012)

demonstrated a reduction in the consumption of allochthonous

resources, especially plant debris, and an increase for an aquatic

Curculionidae larvae (Coleoptera) along the gradient of the

stream.

Therefore in streams examined, the separation of the diet of

fish sampled at the mouth section from the diet of most fish

sampled at the headwaters and middle stretches is mainly the

consequence of the consumption of aquatic insects, responsible

for the grouping of individuals sampled at the mouth, and thus

influenced by the longitudinal gradient.

Our results allow inferring the preference of A. aff. fasciatus

for certain insect groups, e.g., Hymenoptera, corroborating

studies that claim that this species swims at mid-water level and

collect particles dragged by the flow (Casatti et al. 2001, Casatti

2002). Therefore, it is expected a higher consumption of

organisms that fall into the water body, such as invertebrates,

especially some species of ants wingless that walk on the

Figure 4. Participation (% volume) of main insect groups in the diet of Astyanax aff. fasciatus in four streams (ARO= Água da Roseira; REM= Remo;
ROM= Romeira; ZAU= Zaúna) of the sub-basin of the Pirapó River, Upper Paraná River basin (a= headwaters; b= middle, c= mouth; DIP A= aquatic
Diptera; TRI A= aquatic Trichoptera; HYM T= terrestrial Hymenoptera; COL T= terrestrial Coleoptera; LEP T= terrestrial Lepidoptera).
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branches and accidentally fall into the water, or the consump-

tion of floating particles. Esteves & Aranha (1999) highlight the

importance of the drift material in fish feeding, and the

relationship between the drift of invertebrates and feeding as a

key aspect to the understanding of factors that regulate the

production of fishes in streams. Rezende & Mazzoni (2006) also

highlighted the relationship between the consumption of

Hymenoptera by a Characidae with its availability in the

environment. In this way, the headwaters of the streams in the

present study represented the most favorable region because

the internal structure was greater, with lower current flow and

perimeter-to-area ratio. Even in the headwaters and middle

sections, where terrestrial insects dominated, it was possible to

verify the influence of the longitudinal gradient when consider-

ing the groups of insects; Lepidoptera for example was

particularly more consumed in the middle section. In the

mouth, these variables presented an opposite trend, leading A.

aff. fasciatus to consume more aquatic insects with benthic

habit, such as larvae of Diptera and Trichoptera. In the latter

case, it is believed that these macroinvertebrates are abundant

in these stretches, and are dragged from the substrate by the

current, facilitating the capture by A. aff. fasciatus. Uieda &

Ramos (2007) point out several factors that influence the

distribution of aquatic organisms, including the current velocity

and substrate type. Meantime, some groups of insects have

adaptations to withstand the current flow, such as attachment

by adhesive structures, claws and flattened shape (Bennett &

Humphries 1974), which permit them to inhabit areas with

pronounced current, as verified by Uieda & Ramos (2007) who

found twice aquatic insects in areas of higher water velocity

compared with sites with lower velocity in a Brazilian stream.

Although A. aff. fasciatus has flexible feeding habit

according to the availability of resources (Vilella et al. 2002,

Wolff et al. 2009, Manna et al. 2012), the results demonstrated

that it was predominantly sustained by terrestrial food

resources, indicating the importance of the riparian vegetation

in these aquatic environments. Researches claim that riparian

vegetation is of fundamental importance to streams (Pusey &

Arthington 2003, Abilhoa et al. 2008), and its removal causes

serious impacts on the integrity of fish communities in tropical

streams that depend on allochthonous resources (Angermeier &

Karr 1983, Bojsen & Barriga 2002), like that of A. aff. fasciatus.

With the expansion of agricultural activities the riparian

vegetation of streams in rural areas has been compromised,

so in addition to the importance of the longitudinal gradient for

the supply of terrestrial resources it is expected that their input

and availability for the fish to be more pronounced in streams

with greater vegetation cover (Rezende & Mazzoni 2006).

Borba et al. (2008) evaluated the diet of Astyanax asuncionenses

in four streams with different degrees of riparian vegetation

preservation and verified that even where vegetation was scarce,

the species consumed predominantly allochthonous resources,

pointing out that despite the high degradation of the vegeta-

tion, the species still depends on these resources.

Although allochthonous resources have been essential in the

diet of A. aff. fasciatus from the headwaters to the mouth,

the longitudinal gradient can also be considered important to

explain consistent patterns of import, transport, use and storage

of organic matter (Uieda & Kikuchi 1995) available for

consumption to fish communities (Power 1983). This pattern in

the supply of food resources can influence directly the presence

of some species that have their optimal distribution coinciding

with the degree of preservation of the habitat or specific impacts

(Casatti et al. 2006). Thus the response of A. aff. fasciatus to the

longitudinal gradient of the studied streams is positive to the diet,

emphasizing the importance of the riparian vegetation for the

maintenance of this species in these ecosystems.
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Paraná, SP. Biota Neotrop. 1(1): http://www.biotaneotropica.org.

br/v1n12/pt/abstract?inventory++BN00201122001 (último acesso em
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hábitat sobre a ictiofauna de um riacho em uma micro-bacia de

pastagem, São Paulo, Brasil. Rev. Bras. Zool. 23(3): 642-651, doi:

http://dx.doi.org/10.1590/S0101-81752006000300006

GARMAN, G.C. 1991. Use of terrestrial arthropod prey by a stream-

dwelling cyprinid fish. Environ. Biol. Fish. 30(3): 325-331, doi:

http://dx.doi.org/10.1007/BF02028848

HELLAWEL, J.M. & ABEL R.A. 1971. A rapid volumetric method

for the analysis of the food of fishes. J. Fish Biol. 3: 29-37, doi:

http://dx.doi.org/10.1111/j.1095-8649.1971.tb05903.x

HENRY, R., UIEDA, V.S., AFONSO, A.A.O. & KIKUCHI, R.M.

1994. Input of allochthonous matter and structure of fauna in a

Brazilian headstream. SIL 25(3): 1866-1870.

HYSLOP, E.J. 1980. Stomach contents analysis –– a review of methods

and their applications. J. Fish Biol. 17: 411-429, doi: http://

dx.doi.org/10.1111/j.1095-8649.1980.tb02775.x

LANCASTER, J., DOBSON, M., MAGANA, A.M., ARNOLD, M. &

MATHOOKO, J.M. 2008. An unusual trophic subsidy and species

dominance in a tropical stream. Ecology 89(8): 2325-2334.

LEGENDRE P. & LEGENDRE, L. 1998. Numerical ecology. 2 ed.

Amsterdam: Elsevier Science.

LORION, C.M. & KENNEDY, B.P. 2009. Riparian forest buffers

mitigate the effects of deforestation on fish assemblages in tropical

headwater streams. Ecol. Appl. 19(2): 468-479, doi: http://

dx.doi.org/10.1890/08-0050.1

LOWE-McCONNEL, R.H. 1975. Fish communities in tropical fresh-

waters. Their distribution, ecology and evolution. Longman, London.

LOWE-McCONNELL, R.H. 1999. Estudos ecológicos de comuni-

dades de peixes tropicais. Tradução: A.E.A.M. Vazzoler, A.A.

Agostinho. & P.T.M. Cunningham. EDUSP, São Paulo. Tı́tulo

original em inglês: Ecological studies in tropical fish communities.

LYONS, J. 1992. The length of stream to sample with a towed

electrofishing unit when fish species richness is estimated. N. Am. J.

Fish. Manage. 12(1):198-201, doi: http://dx.doi.org/10.1577/1548-

8675(1992)012,0198:TLOSTS.2.3.CO;2

MAIN, M.R. & LYON, G.L. 1988. Contribution of terrestrial prey to

the diet of banded kokopu (Galaxias fasciatus Gray) (Pisces:

Galaxiidae) in South Westland, New Zealand. SIL 23:1785-1789.

MANNA, L.R., REZENDE, C.F. & MAZZONI, R. 2012. Plasticity in

the diet of Astyanax taeniatus in a coastal stream from South-East

Brazil. Braz. J. Biol. 72(4): 919-928, doi: http://dx.doi.org/10.1590/

S1519-69842012000500020

MASSON, C.F & MACDONALD, S.M. 1982. The input of terrestrial

invertebrates from tree canopies to a stream. Freshwater Biol. 12(4):

305-311, doi: http://dx.doi.org/10.1111/j.1365-2427.1982.tb00624.x

MAZZONI, R. & COSTA, L.D.S. 2007. Feeding ecology of stream-

dwelling fishes from a coastal stream in the Southeast of Brazil.

Braz. Arch. Biol. Techn. 50(4): 627-635, doi: http://dx.doi.org/

10.1590/S1516-89132007000400008

MAZZONI, R., NERY, L.L. & IGLESIAS-RIOS, R. 2010. Ecologia e

ontogenia da alimentação de Astyanax janeiroensis (Osteichthyes,

Characidae) de um riacho costeiro do Sudeste do Brasil. Biota

Neotrop. 10(3): http://www.biotaneotropica.org.br/v10n3/en/

abstract?article ++bn01010032010 (último acesso em 07/07/2013),
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água corrente na Cuesta de Botucatu, São Paulo. Acta Limn. Bras.

7: 105-114.

UIEDA, V.S. & RAMOS, L.H.B. 2007. Distribuição espacial da

comunidade de macroinvertebrados bentônicos de um riacho
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Abstract: In this study we investigated the relationship between the sensitivity to forest fragmentation of

bird species and their habitat spatial distribution. We hypothesized that a homogenous spatial

distribution is associated to habitat-generalist species, which would tend to be less sensitive to forest

fragmentation; in contrast, a heterogeneous spatial distribution would drive to an increase of sensitivity

to forest fragmentation. We concentrated on analyses of the suboscine birds, which are known to be

closely associated to microhabitats. Field data was obtained in the Parque Estadual Mata dos Godoy

(236279 S, 516159 W), southern Brazilian Atlantic forest. This reserve has high Biotic Integrity levels, with

a relatively high number of recorded suboscines. Forty three species of suboscines were recorded, of

which 21 species were considered to have high sensitivity and 22 to have low sensitivity to forest

fragmentation. There was no association between levels of sensitivity to forest fragmentation and spatial

distribution of suboscines. We only found significant correlation with the group of the subcanopy

suboscines at the northern portion of Parque Estadual Mata dos Godoy. Therefore, we found a weak

relationship between spatial distribution (habitat specialization) and sensitivity to forest fragmentation.

The fact that habitat-specialist birds tend to live at the northern portion of Godoy State Park, which has

the first type of terrain in a landscape to be converted into agriculture, indicate that that region has

special importance for conservation.

Keywords: microhabitat, habitat-specialization, suboscine birds.

MARQUES, F.C., ANJOS, L. Sensibilidade à fragmentação e distribuição espacial de aves em fragmentos

florestais do norte do Paraná. dx.doi.org/10.1590/1676-0603001513

Resumo: Neste estudo nós investigamos as relações entre sensibilidade à fragmentação florestal de aves e

sua distribuição espacial no habitat. Nossa hipótese é que a distribuição espacial homogênea está

associada a espécies habitat-generalistas, que tenderiam a ser menos sensı́veis à fragmentação florestal,

em contrapartida, uma distribuição espacial heterogênea seria resultado de uma maior sensibilidade à

fragmentação florestal. As análises foram concentradas em aves suboscines por serem intimamente

associada a microhabitats. Dados amostrais foram obtidos no Parque Estadual Mata dos Godoy (236279

S, 516159 W), sul da Mata Atlântica brasileira. Esta reserva apresenta alto Índice de Integridade Biótica,

com um número relativamente elevado de aves suboscines. Quarenta e três espécies de aves suboscines

foram registradas, sendo 21 espécies consideradas de alta sensibilidade e 22 de baixa sensibilidade à

fragmentação florestal. Não houve associação entre os nı́veis de sensibilidade à fragmentação florestal e a

distribuição espacial de aves suboscines. Só foi observada significância para as aves de sub-bosque da

porção norte do Parque Estadual Mata dos Godoy. Portanto, encontramos uma fraca relação entre

especialização de habitat e sensibilidade à fragmentação florestal. O fato destas aves habitat-especialistas

tenderem a viver na porção norte do Parque Estadual Mata dos Godoy, que é o primeiro tipo de terreno

a ser convertido para a agricultura em uma paisagem, indicam que essa região tem uma importância

especial para a conservação.

Palavras-chave: aves suboscines, habitat-especialistas, microhabitat.

Introduction

Forest fragmentation has been considered a major force in

decreasing local biodiversity (e.g. Gardner et al. 2009, Laurance

2010). However, fragmentation does not act homogeneously on

different species. In birds, several features have been identified

as closely related to species that are more sensitive, such as

population size, reproductive performance, annual survival,

trophic position, rarity, and biogeographic position (e.g. Henle

et al. 2004, Anjos 2006, Devictor et al. 2010). Another feature
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pointed out by Henle et al. (2004) associating sensitivity of bird

species to forest fragmentation is habitat specialization. Species

that are more habitat-specialists tend to be locally extinct where

forests are fragmented (Ribon et al. 2003, Henle et al. 2004).

Variations in vegetation features, such as vertical and

horizontal segregation associated with variations in floristic

composition, increase diversity of microhabitats, which in turn

drives to a mosaic of resources for the species, even in a

continuous forest (Karr 1990). This structural complexity

entails, for example, greater diversity of foraging substrates,

as occurs in certain groups of birds, like the Furnariidae and

Tyrannidae families (e.g. Remsen 2003, Fitzpatrick et al. 2004).

Thus, a species could be found in certain habitats within a

forest whilst being rare, or even absent, in others.

Fragmentation can negatively affect the availability of those

habitats for most specialized species, decreasing the chances of

their survival in forest fragments (Uezu & Metzger 2011).

Therefore, habitat-specialist species may have their survival

compromised due to the loss or alteration of vegetation

heterogeneity (Cerqueira et al. 2003). However, the chances

to persist in forest fragments should be higher in habitat-

generalists.

In this study we evaluated the type of spatial distribution of

forest suboscine birds in a reserve of southern Brazil, the

Parque Estadual Mata dos Godoy (PEMG). The principal

microhabitat features of some suboscine species in PEMG have

already been described (Poletto et al. 2004, Lopes et al. 2006,

Volpato et al. 2006). Here we associated a homogeneous spatial

distribution to habitat-generalist species, meaning that they

could survive in larger spectrum of biotic and abiotic conditions

within the forest. By contrast, species with heterogeneous

spatial distribution were considered habitat-specialist, which

indicates that they could not support a larger spectrum of

environmental variations. We hypothesized that habitat-gen-

eralist suboscines are less sensitive to forest fragmentation than

the habitat-specialists. The study was carried out in northern

Paraná, where the sensitivity of species to forest fragmentation

has been previously determined for several species (Anjos

2006). We considered firstly all species of suboscines together

and secondly according their general feeding habits (canopy,

subcanopy or climber). Additionally, we evaluated variations in

the composition of the bird assemblies in the PEMG.

Material and methods

1. Study area

The study was conducted in Parque Estadual Mata dos

Godoy (PEMG) (236279 S, 516159 W, 656 ha) located 15 km

south of Londrina, Paraná, in southern Brazil. It is character-

ized as an important conservation area of northern Paraná.

According to Anjos et al. (2009), it has a high value of Biotic

Integrity (0,85), with a high bird species richness (114 species)

compared to other southern Brazil fragments, especially in light

of the vegetation heterogeneity resulting from topographical

variation between the north and south of the park (the top of

the slope to the valley bottom, see Santana & Anjos 2010). In

this study, Anjos et al. (2009) determined an Index of Biotic

Integrity (IBI) in 39 forest fragments in the north of Paraná

State, southern Brazil, based on presence and absence of 30

selected bird species of different sensitivity levels to forest

fragmentation.

The northern region of the PEMG, a plateau at about 600

m altitude, has a dense, closed canopy between 12 m to 20 m

where the most abundant tree species are Cabraela canjerana

(Meliaceae), Euterpes edulis (Arecaceae), Ocotea indecora

(Lauraceae) and Nectandra megapotamica (Lauraceae)

(Torezan & Silveira 2002, Anjos et al. 2007). Because of the

dense canopy, the midstory and understory receives little light,

and the understory is relatively open, with short trees and

bushes such as Eugenia verrucosa (Myrtaceae), Sorocea

bonplandii (Moraceae), Miconiatritis (Melastomataceae),

Maranta sp. (Marantaceae) and Piper sp. (Piperaceae)

(Torezan & Silveira 2002, Anjos et al. 2007). The southern

portion consists of a sloped area (600 –– 470 m) ending in a

floodplain of the Apertados river, the southern boundary of the

Park. The canopy is less compact, with the largest trees sparsely

distributed, including Chrysophyllum gonocarpum (Sapotaceae),

Campomanesia xanthocarpa (Myrtaceae) and Parapiptadenia

rigida (Fabaceae). The midstory, however, has a higher density

of smaller tree species, such as Nectandra megapotamica

(Lauraceae), Alseis floribunda (Rubiaceae), Matayba elaeag-

noides (Sapindaceae), Lonchocarpus muehlbergianus (Fabaceae),

Sebastiana commersoniana (Euphorbiaceae), Eugenia verrucosa

(Myrtaceae) and Trichilia cassaretti (Meliaceae) (Anjos et al.

2007, Santana & Anjos 2010). It is common the fall of the

tallest trees in this region, resulting in clearings dominated by

the herbaceous Celtis iguanaea (Ulmaceae) and bamboo

Chusquea sp. (Poaceae) (Silveira 2006, Anjos et al. 2007,

Santana & Anjos 2010). The edge of the park is characterized

by a riparian forest floodplain which has little representation of

the coverage in the PEMG; Bastardiopsis densiflora

(Malvaceae) and Ocotea puberula (Lauraceae) are examples of

trees that make up the vegetation in this portion of the Park

(Silveira 2006).

2. Field work

Point counts of limited distance were sampled (always by

the same observer) along three trails. Each trail has 1300 m

length. Two trails were in the upland forest (TA and TB) and

the third on the sloped forest in the southern area (TC). On

each trail, 14 points were established every 100 m and

numbered in sequence (one to 14, Figure 1). Field sampling

was obtained at each point and conducted from October to

Figure 1. Location of sampling points in each of the three trails sampled
in Parque Esta dual Mata dos Godoy, Londrina, Brazil. The dotted line
indicates the division by altitude of the two types of forest in the Park.
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December 2011, beginning at sunrise. The radius of detection

from each point was 50 m. On each day, the trails were walked

twice in opposite directions. The point samplings in a day were

considered as one sample. The starting point of each trail

sample was alternated each day, offering the same odds of

detection for all species. The sampling period at each point was

5 minutes, thus it lasted for about four hours. At each point,

only the presence of the species was registered.

3. Vegetation characterization

In order to evaluate whether the features of vegetation

differ between the trails, general data on phyto-physiognomy

were obtained at each point (36 points in total), by sampling at

25 m from each point along the trail and at 10 m from each side

of the trail. Our sampled area for each point resulted in 1000 m2

(Figure 2). The vegetation variables that we collected were:

number of large trees (height greater than 15 m), number of

palmettos (only Euterpe edulis occurs in PEMG, height greater

than 4 m) and herbaceous, liana and bamboo densities. The

densities were estimated according to the proportion of the

sample area occupied using the following scale: absent (0); to

40% (1); between 40––60% (2); between 60––80% (3) and up to

100% (4). The sum of the percentages of herbaceous, liana and

bamboo did not resulted in 100% because they were estimated

independently. Our procedure was to estimate the area

occupied for each of these three vegetation types.

4. Procedure for analysis

Levels of sensitivity to forest fragmentation of each bird

species were based on Anjos (2006), which determined the

sensitivity of bird species to fragmentation based on point

counts conducted in 14 forest fragments of different sizes and

degrees of isolation in northern Paraná. Species were con-

sidered highly sensitive if they occurred only in the controls and

in large and not-isolated forest remnants; species with low

sensitivity were those occurring in all categories of the forest

remnants, including those smaller and more isolated (Anjos

2006). We considered the bird list of species of Anjos et al.

(1997) to select the suboscines that occur in PEMG. We

allocated each species to groups based on foraging habits,

according to Remsen 2003, Marantz et al. 2003, Zimmer & Isler

2003, Krabbe & Schulenberg 2003, Whitney 2003, Krabbe &

Schulenberg 2003, Snow 2004, Fitzpatrick et al. 2004. The

groups were: (1) canopy species, (2) subcanopy species,

including species that frequent the ground and (3) climber

species. We considered these distinct groups of species because

they seem to present different levels of sensitivity to forest

fragmentation. Subcanopy species seem to be more sensitive

than canopy ones, while climbers seem to have intermediate

sensitivity levels (Aleixo & Vielliard 1995, Anjos & Soares 1999,

Ribon et al. 2003, Uezu & Metzger 2011).

5. Statistics and additional comments

Kruskal Wallis analysis of variance was used to compare

the variation in the number of trees and palmettos between

trails studied (TA, TB and TC). For the remaining vegetation

variables (density of vines, bamboo and herbaceous) it was used

a contingency table (p , 0.05) to test whether the proportion of

variables is similar in the three trails. This analyze was made by

comparing the number of sampled areas wherein each

vegetation variable was estimated according to the occupancy

scale, in other words the number of sampled areas in each

percentage range for each trail.

To evaluate whether bird species are habitat-generalist or

habitat-specialist in PEMG we calculated the percentage of

points that were occupied. To do this, we associated a

homogeneous spatial distribution to habitat-generalist species,

which would tend to be less sensitive to forest fragmentation. In

contrast, we associated a heterogeneous spatial distribution to

habitat-specialist species, which would tend to be more sensitive

to forest fragmentation. Therefore, if a species was recorded at

4 points out of a total of 32 points from the trails, it would give

us a percentage of 13% of occupancy. If another species was

recorded at 28 points it would result in a percentage of 88% of

occupancy. This way, we determined that species with an

occupancy percentage equal and below 30% were habitat-

specialists and those above that value were habitat-generalist.

In the first example the species would be habitat-specialist and

in the second, habitat-generalist. The value of 30% was

arbitrary selected. We know that detectability differs between

the species, as has already been considered for some birds of the

PEMG (Bochio et al. 2012). We countered this by sampling

each point 12 times on 12 different days, making the possibility

that a species was present but not recorded very low.

We evaluated the association between spatial distribution

and the levels of sensitivity in the trails separately. As explained

above, the distinction between homogenous and heterogeneous

spatial distribution was based in the occupancy of the points;

an occupancy equal and below 30% were of heterogeneous

spatial distribution (habitat-specialists) and those above that

value were of homogenous spatial distribution (habitat-general-

ist). Contingency table (p , 0.05) was used to verify whether

the spatial distribution (homogeneous and heterogeneous) was

associated with sensitivity levels of suboscine species (sensitive

and non-sensitive) or with foraging habits groups. All analyses

were carried out using the software R.

Nonmetric multidimensional scaling (NMDS) was also used

to examine the distribution of bird assemblies in the PEMG.

For data analysis, the data were standardized and square-root

transformed to reduce the effect of the most strongly

represented species. For this data analysis, the relative

frequency of each species at each point was used. Therefore,

if a species was recorded 3 times out of 12 times a point was

sampled, it had a frequency of occurrence of 40%. This analysis

was carried out using the software PRIMER 6.1.13 (Clarke &

Gorley 2006).

The sequence of species follows the checklist of the

American Ornithologists’ Union (2013).

Results

The number of large trees and palmettos and the densities

of herbaceous plants were not significantly different among the

studied trails (Tables 1, 2). However, higher density of bamboo
Figure 2. Schematic diagram of the sampling points (P1 and P2) and the
sampled area in which the vegetation was characterized.
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was found on TC (G = 26.25, p = 0.001), while TA and TB had

a higher density of vines (G = 16.28, p = 0.01).

A total of 43 different suboscine birds were recorded; 36

species were seen in the northern and 40 in the southern portion

of the PEMG. The numbers of species observed on each trail

were: 34 species in TA, 32 species in TB and 40 in TC. For each

trail there were (respectively on TA, TB and TC) 15, 13 and 13

species with a heterogeneous spatial distribution (habitat-

specialists), and 19, 19 and 27 with a homogeneous spatial

distribution (habitat-generalist). Overall, of the 43 species

recorded in the present study, 21 were considered to have high

sensitivity and 22 to have low sensitivity to forest fragmenta-

tion, following the literature cited above (see methods; Table 3).

Among the high sensitivity species, 17, 16 and 19 species were

found respectively on TA, TB and TC, whereas for species with

low sensitivity, 18 were observed on TA, 16 on TB and 21 on

TC.

There was no association between levels of sensitivity to

forest fragmentation and spatial distribution of suboscine birds

when the whole PEMG was considered (G = 0.02, p = 0.87).

Significance was only found in the group of subcanopy

suboscine birds when TA and TB were considered separately

(G = 6.96, p = 0.008 and G = 4.41, p = 0.03 respectively;

Table 4). Subcanopy suboscine birds showed a significant

association between homogeneous spatial distribution (habitat-

generalists) and low sensitivity to forest fragmentation. Canopy

and climber suboscine birds did not exhibit significant

association in any situation.

The nonmetric multidimensional scaling (NMDS) ordina-

tion revealed three distinct groups of bird species. One group is

composed of species that preferentially occupy the northern

portion, another of species that occupy the southern portion,

while the third group consists of species that occupy the

transition region between the northern and southern portions

of the PEMG (Figure 3).

Discussion

We found an unexpectedly high number of suboscine birds

with homogenous spatial distribution, which would suggest the

majority of them could be considered habitat-generalists. This

could mean that the studied suboscine birds are not closely

associated to microhabitats as previously thought. In addition,

contrary to our expectations, spatial distribution was not

associated with level of sensitivity to forest fragmentation when

all species of suboscine birds were considered together. This

association was only found for the subcanopy suboscine birds

and even then, only in the northern portion of the PEMG.

These results should be considered carefully however, since it is

possible that the area of forest sampled may not have been large

enough to properly detect variations in habitat occupancy.

Subcanopy suboscine birds, or understory birds in general,

have been seen as one of the more vulnerable groups to forest

fragmentation (Willis 1979, Kattan 1994, Aleixo & Vielliard

1995, Stouffer & Bierregaard 1995, Bierregaard & Stouffer

1997, Goerck 1997, Aleixo 1999, Stratford & Stouffer 1999,

Table 1. Mean (X) and standard deviation (S) of vegetation variables in each trail. P indicates the significance between the values of the variables
between trails. (Kruskal Wallis).

Variables Trails P

TA TB TC

X S X S X S

Trees (. 15m) 8,000 4.11 11,857 4.24 11,929 4.75 0.06

Palmettos (. 4m) 7,500 6.49 9,714 9.33 7,286 6.57 0.79

Table 2. Total sampled areas wherein each vegetation variable was estimated according to the following occupancy scale: absent (0); to 40%; (1)
between 40––60% (2); between 60––80% (3) and up to 100% (4). P value indicates the significance between trails. (G-test).

Variables Scale
Trails

P
TA TB TC

Herbaceous stratum 1 1 0 2 0.60

2 2 3 5

3 9 9 6

4 2 2 1

Vine 1 1 0 6 0.01

2 4 5 5

3 4 7 3

4 5 2 0

Bamboo 1 14 14 4 0.001

2 0 0 2

3 0 0 3

4 0 0 5
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Ribon et al. 2003, Henle et al. 2004, Lees & Peres 2008, Uezu &

Metzger, 2011). Their habitat specialization is thought to be the

reason for such higher vulnerability (Stratford & Stouffer 1999,

Hansbauer et al. 2008a, 2010, Sodhi et al. 2011), which seems to

be corroborated by the data presented here.

Some studies claim that species of suboscine birds found on

trunks and twigs, which we referred to as climbers in the present

study, can be considered sensitive to even slight changes in the

structure of vegetation (Willis 1979, Aleixo & Vielliard 1995,

Christiansen & Pitter 1997, Anjos 1998, Poletto et al. 2004).

Authors tentatively described the microhabitat of those birds,

especially species of Dendrocolaptidae (Cintra et al. 2006,

Poletto et al. 2004). However, the results of this study suggest

that the reason for climbers being sensitive to forest fragmenta-

tion is not closely associated with the microhabitat specializa-

tion. Possibly their sensitivity could be the result of variations in

vegetation structure at broader scales. According to Poletto et al.

(2004), Dendrocolaptidae with stricter ecological requirements

may relate with other vegetation features, selecting fairly

homogeneous sites at late successional stages, such as

Dendrocincla turdina, or even areas with tangled vegetation

and rough bark large trees as Xiphocolaptes albicollis.

Canopy suboscine birds, in turn, do not appear to be

associated with microhabitats. The canopy birds are adapted to

move long distances seeking resources distributed unevenly in

the canopy (Karr & James 1975, Winkler & Preleuthner 2001).

Probably the broad potential of habitat occupancy (homo-

geneous spatial distribution) contributed to their low sensitivity

to forest fragmentation (e.g. Karr 1982, Ribon et al. 2003, Uezu

& Metzger 2011).

The results found in the analysis of structural variation of

the vegetation showed that PEMG can be differentiated

according to the structure of understory vegetation, with it

being subdivided into areas occupied predominantly by

bamboos or vines. Large densities of bamboos were found

only in the southern portion of the park (Silveira 2006, Santana

& Anjos 2010). The bamboo clusters that make up the southern

portion of the Atlantic Forest often occupy gaps and areas of

secondary growth, especially in riparian forest or hills, where

they have an aggregate distribution, forming a dense environ-

ment with a lower stratum of anatomically similar leaves

(Kratter 1997, Santana & Anjos 2010). Contrary to clusters of

bamboo, vine tangles were found predominantly in the north-

ern portion of the park. According to Kratter (1997), vine

tangles are probably the most physiognomic similar micro-

habitat to clusters of bamboo, providing habitat and food

source for many organisms (Schnitzer & Bongers 2002,

Thomsen et al. 2010). Data presented here (Table 3 and

figure 3) revealed differences between the pattern of occupancy

of the suboscine birds species between the areas occupied by

bamboos and vines, which seems to disagree with the

interpretations of Kratter (1997).

In the present study we found a weak relationship between

spatial distribution (habitat specialization) and sensitivity to

forest fragmentation. But our data suggested that suboscine

birds occupied differently the northern and the southern

portions of PEMG. Indeed, higher species numbers that have

been considered as habitat-specialists were more common in the

bird assembly of the northern portion of PEMG. The northern

portion of the PEMG is the first type of terrain in a landscape

to be converted into agriculture and should be considered as the

most vulnerable area of that reserve. Many studies have

evaluated effects of forest fragmentation comparing fragments

of different sizes and levels of connectivity (e.g. Uezu et al.

2005, Hansbauer et al. 2008a, b, Gillies & Clair 2010). But

variations in the vegetation inside the forest fragment should be

also considered in such studies (Hansbauer et al. 2010), as in the

case of the PEMG.

Figure 3. Nonmetric multidimensional scaling (NMDS) representing the profile similarity of sampling points according to the occupancy patterns of
suboscine bird species sampled in Parque Estadual Mata dos Godoy.
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do Paraná. Série. técnica. IPEF 12(32):87-94.

ANJOS, L. 2006. Bird species sensitivity in a fragmented landscape of

the Atlantic Forest Southern Brazil. Biotropica 32(2):229-234.

http://dx.doi.org/10.1111/j.1744-7429.2006.00122.x

ANJOS, L., SCHUCHMANN, K.L., BERNDT, R. 1997. Avifaunal

composition, species richness, and status in the Tibagi river basin,
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Abstract: The risks following introduction of invasive species are enormous and incalculable. Achatina

fulica is considered one of the 100 species of greatest invasive potential, stands out among the land

pulmonate snails, mostly for its high reproductive potential that accelerates the process of dispersion,

increasing the damages related to health (disease transmission), to economy (crops destruction) and to

environment (biodiversity loss). In order to investigate the relationship of the African snail with the

environment, trying to relate sexual activity with climatic variables (temperature, rainfall and humidity),

a study was conducted on aspects of population dynamics and reproductive biology in Salvador city. The

snails were collected by hand, monthly. Morphometric data were obtained in the field and dissections to

analyze the reproductive system at laboratory. To test if there was a greater sexual activity in wet periods

was performed first a Principal Component Analysis (PCA) with climatic variables, followed by a

regression between precipitation (the most influential environmental variable) and the variable of interest

(sexual activity). The results showed that there is an apparent annual cycle for A. fulica, with a

recruitment period covering the end of rainy season and the dry season (August to December 2006 and

February 2007). Increase of shell size (height) and of sexual activity were observed during the rainy

season, although snails were found in full sexual activity during the whole period of study. The von

Bertalanffy curve showed that the oldest specimen collected would have three years and eleven months.

The regression between precipitation and sexual activity was significant (P = 0.002) showing that the

higher rainfall increased sexual activity. In addition, it was observed that there is an increase in the

thickness of peristome as the specimens reaches sexual maturity however this relationship isn’t precise (it

were found individuals with sexual structures not consistent with the reproductive stage given by the

thickness of peristome) and should be set for each region studied. As the eradication becomes impossible

because of high level of invasion found in Salvador, it is recommended to control the population of

African snails by continuously removing specimens, especially in the rainy periods.

Keywords: bioinvasion, invasive species, reproductive cycle, growth, giant African snail.

SILVA, E.C., OMENA, E.P. Dinâmica populacional e biologia reprodutiva de Achatina fulica Bowdich,

1822 (Mollusca, Gastropoda) na cidade de Salvador - Bahia. http://dx.

doi.org/10.1590/1676-0603000414

Resumo: Os riscos com a introdução de espécies invasoras são enormes e incalculáveis. Constando como

uma das 100 espécies de maior potencial invasor, Achatina fulica se destaca dos demais gastrópodes

pulmonados terrestres, principalmente, pelo seu elevado potencial reprodutivo que acelera o processo de

dispersão, aumentando os danos relacionados à saúde (transmissão de doenças), à economia (destruição de

cultivos) e ao meio ambiente (perda da biodiversidade). Com o intuito de investigar as relações do caramujo

africano com o ambiente, tentando relacionar atividade sexual com variáveis climáticas (temperatura,

precipitação e umidade), foi realizado um estudo sobre aspectos da sua dinâmica populacional e biologia

reprodutiva na cidade de Salvador. Os caramujos foram coletados manualmente, mensalmente. Dados

morfométricos foram obtidos em campo e dissecações para estudo do sistema reprodutivo em laboratório.

Para testar se havia uma maior atividade sexual em perı́odos úmidos foi realizada, inicialmente, uma Análise

de Componentes Principais (PCA) com as variáveis climáticas, seguida de uma regressão entre a precipitação

(variável ambiental com maior influencia) e a variável de interesse (atividade sexual). Os resultados

mostraram que há um aparente ciclo anual para A. fulica, com um perı́odo de recrutamento abrangendo o
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final da estação chuvosa e a estação seca (agosto a dezembro de 2006 e fevereiro de 2007). O aumento do

tamanho da concha (altura) e da atividade sexual foi observado durante a estação chuvosa, embora tenham

sido encontrados caramujos em plena atividade sexual em todo o perı́odo de estudo. A curva de von

Bertalanffy mostrou que o exemplar mais velho teria três anos e onze meses. A regressão entre a precipitação

e a atividade sexual foi significativa (P = 0,002) mostrando que precipitações mais elevadas aumentam a

atividade sexual. Além disso, observou-se que a espessura do perı́stoma aumenta à medida que o individuo

atinge a maturidade sexual, porém esta relação não é precisa (havia indivı́duos com estruturas sexuais não

consistentes com o estagio reprodutivo dado pela espessura do perı́stoma) e deve ser ajustada para cada

região estudada. Como a erradicação se torna impossı́vel pelos nı́veis de invasão encontrados em Salvador, é

recomendada, para controlar a população de caramujos africanos, a remoção continua de espécimes,

especialmente nos perı́odos de chuva.

Palavras-chave: bioinvasão, espécies invasoras, ciclo reprodutivo, crescimento, caramujo gigante africano.

Introduction

The introduction of species in a new habitat represents

environmental and economic risks; free of predators, parasites

and natural competing, in positive environmental conditions,

these organisms can reach high population densities. Once

established, they are rarely eliminated resulting generally in

losses of local biodiversity (Carlton 1996, Dajoz 2005, Towsend

et al. 2006). The introduction of invasive species is considered

the second greatest cause of biological diversity loss in many

ecosystems, also, can cause a change in its structure and

function, increasing the homogenization of biota (USC 2001,

Alowe et al. 2004, Fischer & Colley 2004).

Known as giant African snail, the land pulmonate mollusc

Achatina fulica Bowdich, 1822, reaches considerable dimen-

sions, nearly 20 cm shell length and weigh up 200 g (Teles et al.

1997, Vasconcellos & Pile 2001), but in Brazil the maximum

average records vary in about 11 cm and little over 100 g

(Vasconcellos & Pile 2001, Carvalho et al. 2003, Simião &

Fischer 2004, Fischer & Colley 2005, Fischer et al. 2006).

The species is distinguished from other pulmonate molluscs

due the high invasion potential (Teles et al. 2004). The

characteristics that makes it one of the 100 species of greatest

invasive potential at the List of the International Union for

Conservation of Nature (IUCN) (Alowe et al. 2004) are: high

reproductive capability, being a protandric hermaphrodite

species with reciprocal copulation (Tomiyama 1993), the ability

to stock sperm for long periods (Raut & Barker 2002), and a high

annual eggs postures (5 to 6) and eggs per posture (Tomiyama &

Miyashita 1992). These aspects of African snail reproductive

biology is an increment to the growth and population explosion

process, affecting the environment (potential predator and

competitor of native mollusks leading to extinction of species),

economy (agricultural pests) and local health (a possible

intermediate host for nematodes that cause eosinophilic,

meningoencephalitis and abdominal angiostrongyliasis in

humans and other zoonosis in domestic animals) (Cowie 1998,

2001, Fischer & Colley 2005, Thiengo et al. 2008, Caldeira et al.

2007, Graeff-Teixeira 2007, Neuhauss et al. 2007).

Studies in the state of Paraná conducted by Fisher & Colley

(2005) led the supposition that A. fulica has a seasonal cycle of

one or two generations per year with copulas occurring mainly

in spring and autumn. The evidence of seasonality of A. fulica

was also registered by several authors (Berry & Chan 1968, Lai

et al. 1982, Raut & Barker 2002, Fisher & Colley 2005) which

showed that there are high sexual activity points in favorable

environmental conditions such as high humidity, moderate

temperatures and abundant rainfall.

Studies show that the economic losses caused by the

introduction of invasive species are estimated at US$ 42.6

billion per year, the environmental costs, US$ 6.7 billion per

year and the costs with human health, despite more hard to

estimate, are also huge (Pimentel et al. 2001). Although the

trend described by Simberloff & Gibbons (2004) of population

collapse after some time of invasion, researches about popula-

tion dynamics and reproductive biology of A. fulica is extremely

important to be able to understand their ecological relation-

ships and the search for better handling and control strategy,

reducing the problems caused by the species.

Therefore, this study intend to present data about popula-

tion dynamics of A. fulica in Salvador, describing aspects of life

cycle of the species such as growth rate, size, recruitment

season, age (life time) and reproductive season, as well as

characterize the reproductive biology, evaluating the existing

relationship between the thickness of peristome and stage of

sexual maturity, and among weather effects, such as rainfall,

temperature and humidity with sexual activity periods.

Considering the explained data, our hypothesis of interest is

that exists a relation between sexual activity and weather

variables studied (temperature, rainfall and humidity), being

waited a largest sexual activity in humid periods in Salvador -

Bahia.

Material and methods

1. Study site

The studied site is located at Salvador metropolitan area,

which is situated at 12657’13’’S and 38627’24’’W (between the

Tropic of Capricorn and the Ecuador line); its climate is hot and

humid - sunny, with an average temperature of 25.56C with low

variation during the year. The annual rainfall rate of the city is

around 2000 mm, the average humidity is 81% (maximum 83% in

May and minimum 79% in February). It has historically been a

wet season which is usually April to September and a dry season

from October to March. (INMET 2008). These characteristics

make Salvador propitious to the establishment and expansion of

invasive gastropod Achatina fulica.

2. Sampling & experimental design

According to previous studies (Silva 2005), there are 15

districts infested by A. fulica in Salvador (Amaralina, Barra,

Barris, Caminho das Árvores, Costa Azul, Itaigara, Itapuã,

Jardim Encantamento, Ondina, Piatã, Pituba, Praia do

Flamengo, Rio Vermelho, Stella Maris and STIEP). From this

data, three districts were randomly chosen for each monthly
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sampling campaign. In each district a 1 km2 area was

demarcated (Figure 1). Some districts were chosen more than

once, for a maximum of three times, when it happened, the

limited 1 km2 areas were moved to new areas that could be

visited, but remaining inside the chosen districts. The collects

were designed to sample, representatively, the study area,

avoiding the spatial variability as a confounding variable

affecting the temporal variation that was searched in the

present study. Maps with the delimited sample areas were used,

as well as the route to be followed during the gathering, with

the intent to assist the moving of collectors.

The gathering procedure consisted on hand capture of

specimens at streets, squares, gardens and some other public

places. All gathering were made by two collectors, early in the

morning, activity time of snails end (Tomiyama 1993, Raut &

Barker 2002, Albuquerque 2003), and lasted about one hour.

Collectors wore surgical gloves to protect them against snails’

and/or possible environmental pathogens where they were

found.

Gathering were made monthly from September 2006 to

August 2007, in the areas of sampling. All the specimens of A.

fulica found in one hour were gathered, within each sampling

area (a total of 884 in 12 months). All then were submitted to

morphologic analysis in the field to population dynamic data.

Of the total collected, 45 snails per campaign (540 in total) were

taken, in plastic containers to Universidade Católica do

Salvador’s laboratory, to macro-anatomical analysis of repro-

ductive system.

The monthly amounts of accumulated rainfall (mm),

temperature average (6C) and humidity (%) were collected

from the Center of Weather Forecasting and Climatic Studies ––

National Institute for Space Research (CPTEC/INPE), through

the database available on the World Wide Web at the site:

http://www.cptec.inpe.br/. The amounts corresponded to 30

days preceding gathering.

3. Morphometric analysis

The animals collected in September 2006 were measured with

the assistance of a pachymeter (0.05 to 150 mm) and weighed with

Titan’s field digital weighing-machine with accuracy of 0.1 g. The

measured dimensions were: large diameter (ld), opening height

(oh), opening width (ow), spire height (sh), shell height (h),

thickness of peristome (pe), number of whorls (Figure 2) and

weight (p). After found the best measure that represents the growth

of the animal, to enhance the sampling, only the shell height (h)

and total weight (p) were measured in remaining collects.

4. Laboratorial analysis

To examine the anatomical characteristics of reproductive

system, specimens of different sizes were sacrificed by heating

Figure 1. Map of localization of the city of Salvador, Bahia, showing the sites of the sampling areas visited during the study period. Areas (visits). 1.
Barra (2); 2. Ondina (1); 3. Rio Vermelho (3); 4. Amaralina (1); 5. Barris (3); 6. Pituba (3); 7. Itaigara (3); 8. Costa Azul (2); 9. Caminho das Árvores
(2); 10. Stiep (2); 11. Piatã (3); 12. Itapuã (3); 13. Jardim Encantamento (3); 14. Stella Maris (2); 15. Pr. do Flamengo (3).

Figure 2. Shell scheme of A. fulica Bowdich, 1822 indicating the
morphometrical measurements (ld, large diameter; h, shell height; oh,
opening height; sh, spire height; ow, opening width; pe = thickness of
peristome). Illustration from Fischer (2005).
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(1006C for a minute) and dissected under stereo-microscope.

The structures of reproductive system were observed following

the illustrations and descriptions by Tomiyama (1993, 2002),

Caetano (2005), Fisher & Colley (2005) and Teixeira et al.

(2008), to A. fulica.

The weight of protein gland was obtained using a digital

analytical weight-machine with accuracy of 10mg (0.01g) to

verify if the snail was sexually active or not.

The number of eggs inside the uterus of the snails was also

quantified.

5. Statistical analysis

Initially it was applied a Principal Components Analysis

(PCA) using MVSP (Multi-Variate Statistical Package) version

3.13l for Windows, with the purpose of extract the first two axis

of variation (PC1 e PC2). Subsequently PC1 x PC2 were plotted

to observe the clustering.

Because of small variation in temperature, humidity and,

consequently, small influence on sexual activity, also correlated to

the species biology, just the rainfall was used in the regression

with the variable of interest (sexual activity). The regression was

done using SPSS (Statistical Package for the Social Sciences) 13.0

for Windows, being 0.05 the deemed value to a. The variable of

interest (sexual activity) represented the proportion between

number of sexually active individuals (protein gland . 650 mg)

and the sexually inactive (gland , 650 mg).

To establish the morphometric measurement that best

represents the growth of the snail, it was made Pearson

correlations among morphometric variables (h, dm, ha, la, he,

number of turns) and the weight of each individual using

SPSS 13.0 for Windows (Statistical Package for the Social

Sciences). From this determination was possible to create a

linear equation and define, more accurately, the frequency

distribution of the population of A. fulica. It was stipulated

that the value of a would be 0.05, however, this value was fixed

by Bonferroni correction (a/n, where a = 0.05 and n is the

number of hypothesis testing). This procedure was adopted

because they were conducted several hypothesis testing for

the same data set. 0.008 is the deemed value of a in this

present study.

The growth curve was obtained using the von Bertalanffy

model, which is:

Lt = L‘ [1-exp(-k(t-t0)]

where:

Lt = length at age t;

L‘ = maximum asymptotic length;

k = constant of growth;

t0 = ‘‘age’’ in zero length (Lt = 0)

The growth parameters, as the growth curve were obtained

using Microsoft Excel 2002.

The value of the constant of growth (k) was estimated from

three pairs of known literature values of length and age or found

in this study. Initially it was estimated the asymptotic length (L‘)

from the biggest taken specimen (Lmax), being: L‘ = Lmax/0.95

(Pauly 1983). The average longevity to A. fulica found in

literature is three to five years, being able to live until nine years

in favorable conditions (laboratory for instance) (Tomiyama

1993; Raut & Barker 2002). Thus, with the value of asymptotic

length (L‘) found, the snail would have, nearly, six years.

Another characteristic found in literature is the period since

fecundation until the birth (egg hatching), that varies around

13 days (0.036 years) (Raut & Barker 2002, Rao & Singh 2000).

As it is improbable that a species grows following this equation

since the moment of birth until it reaches the senility, the curve

frequently cuts the x-axis, that refers to the age, on a point

less than zero (King 1996). Knowing that with length zero

(Lt = 0 mm) the snail has -0.036 years (-13 days) and that at

birth (t = 0 years) presents nearly 3 mm shell length (E.C. Silva,

unpublished data) it was able to estimate the steady growth (k).

From that, it was just replace the value of t to get the Lt.

The longevity to the present study, established as how long

the specimen takes to reach 95% of asymptotic length, was

estimated based on formula proposed by Taylor (1958): tmax =

to ++ 2.996/k.

Results

1. Aspects of population dynamics of Achatina fulica

The shell of A. fulica is reddish brown with strips of variable

colors, from slightly brown until slightly purplish. The number

of turns ranges between 5 and 8 and increase in diameter quick

and progressively. The general form is bulimuloid (h/dm=1.58),

with an elongated spire (he/h=0.41) and opening oval slant

(ha/la=1.63; ha/dm=0.87; la/dm=0.54).

A total of 884 snails were collected in 12 sample campaign.

The average of all gathering period was 50.17 mm height and

17.20 g weight. The remaining variables measured are described

in tables 1 and 2.

All values of correlation among morphometric measure-

ments and total weight found were positive and significative.

The shell height was the best descriptor of size, presenting

higher values of correlation with weight. (Table 3).

Table 1. Descriptive statistics of morphometric variable of 60 snails Achatina fulica Bowdich, 1822 collected in the city of Salvador, Bahia in
September 2006. h = Shell height (mm); ld = large diameter (mm); oh = opening height (mm); ow = opening width (mm); sh = spire height (mm);
Perist. = thickness of peristome (mm).

Weight (g) H Ld ow ow Sh Turns Perist.

Average 14.96 47.70 30.27 26.37 16.21 19.68 6.25 1.01

Median 14.60 50.50 32.45 27.75 16.90 20.45 6.00 0.95

Modal 23.0 54.6 30.7 33.6 20.8 25.7 6.0 1.9

Standard dev. 9.748 14.403 7.666 7.052 4.245 6.772 0.875 0.637

Standard err. 1.258 1.859 0.989 0.910 0.548 0.874 0.113 0.095

Variance 95.037 207.449 58.772 49.737 18.021 45.863 0.766 0.406

Minimum 2.1 23.6 17.4 14 9.4 9.4 5 0.2

Maximum 38.5 76.2 43.9 41.1 25.4 35 8 2.4
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Set shell height (h) as morphometric variable which better

represent the growth of A. fulica, histograms of height rate were

made monthly (Figure 3).

By analyzing the Figure 3 we can verify that there is, in

almost every month, two modals featuring different cohorts,

these two cohorts are more evident in August 2006. From

March 2007, what is seen is a gradual average increase of shell

height and, consequently, a shifting of the modals to right,

featuring the aging of the population that is soon balanced by

the rising of younger cohorts.

From August to December 2006 and February 2007 it

was registered a higher number of young individuals in

the population, unlike what occurred from March to July

2007 which there is a predominance of older individuals.

The month of January 2007 had its frequency histogram

different from other months due to the scarce amount of

animals collected.

The growth study of A. fulica resulted in values of Lmax =

107.6 mm; L‘ = 113.3 mm; k = 0.75 and to = -0.036mm.

After replacement of these values, the expression was in the

following way:

Lt = 113.3 x [1-exp(-0.75(t-(-0.036)].

The figure 4 shows the growth curve following the von

Bertalanffy formula, with emphasis on the largest animal

collected which measured 107.6 mm of shell height and was

Table 2. Descriptive statistic of weight and shell height of 884 snails
Achatina fulica Bowdich, 1822 collected in 12 samples from Salvador,
Bahia, from September 2006 to August 2007.

Weight (g) Height (mm)

Average 17.20 50.17

Median 15.6 50.7

Modal 11.2 56.8

Standard dev. 11.750 12.760

Standard err. 0.395 0.429

Variance 138.078 162.833

Minimum 1.9 23.6

Maximum 104.2 107.6

Table 3. Correlations among weight and other morphometric variables for A. fulica Bowdich, 1822 from the city of Salvador, Bahia, in September
2006. ld = large diameter; oh = opening height; ow = opening width; sh = spire height. n = 60.

Weight Height DM ha La he Turns

Weight Correlation of Pearson 1 .978(**) .962(**) .960(**) .933(**) .953(**) .767(**)

Sig.(1-tailed) p , 0.001 p , 0.001 p , 0.001 p , 0.001 p , 0.001 p , 0.001

**Correlation significant , 0,01 (1-tailed).

Figure 3. Monthly histograms of frequency of shell height of A. fulica Bowdich, 1822 from Salvador, Bahia in 12 sampling campaign from September
2006 to August 2007. Af = Absolute frequency.
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nearly 3 years and 11 months old, and the smallest with 23 mm

and 3 months old.

The longevity was estimated in 3 years and 11 months old;

in this age the snail would reach 107.6 mm of shell height, the

same value of the largest animal collected.

2. Climatic factors and sexual activity

The average values of temperature and rainfall to the study

period were close to historical values, however, humidity

presented, nearly, 14% higher than the historical average, that

did not affect the results, since that continues to be able to

visualize a division between a humid or rainy season (April to

September) and a less humid or dry season (October to March).

Also is noteworthy the low average of temperature and

humidity, as for historical values as for the study (Figures 5

and 6).

We collected 540 snails at 12 gathering campaign, 100 out of

them were sexually active, 318 inactive and 122 could not be

determined because did not present protein gland.

The results of this study show that there is a greater relation

between rainfall and the sexual activity of A. fulica (Figure 6),

once that temperature and humidity had low variation and low

influence.

In months of higher rainfall, there were a higher percentage

of animals sexually active, for example, in May and June 2007,

with 180 and 202 mm, and 41% and 43% sexually active snails,

respectively. In months with lower rainfall, January and

February, with 19 and 37 mm, were found only 5% and 9%

sexually active snails, respectively. We can still emphasize the

period of March to July 2007, which had accumulated rainfall

916 mm - 56.5% of rainfall on full study period - and average

per month 31% of sexually active animal while in the rest of the

year the average of sexually active animals was 18%.

December 2006 and April 2007 were exceptions. During

these months the precipitation was high, and sexual activity

was low.

The Principal Components Analysis drew the two first axis

of variation (PC1 and PC2) data. PC1 represented 59.7% of

variation and PC2, 32.5% (92.2% total). Among the variables,

Figure 4. Growth curve to A. fulica Bowdich, 1822 from Salvador city, Bahia, obtained through the mathematic expression by von Bertalanffy - Lt =
L‘ [1-exp(-k(t-t0)] where: L‘ = 113.3 mm; k = 0.75 and t0 = - 0.036). Highlights for the highest and lowest snail collected.

Figure 5. Temperature monthly average (#) and humidity ($) for
Salvador, Bahia (September 2006 to August 2007). Source: CPTEC/
INPE, 2008.

Figure 6. Proportion among active snails A. fulica Bowdich, 1822 and
the relation with rainfall from September 2006 to August 2007 for
Salvador, Bahia.
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humidity and rainfall were more inversely related to PC1 (as the

PC1 grows humidity and rainfall decrease) and temperature, to

PC2. The rainfall was also related to PC2, almost in the same

intensity as to PC1 (Table 4).

When plotting PC1 x PC2 (Figure 7) the spatial distribution

of points shows the generation of three clusters.

The first group, formed by the January and February

contained the lowest values of sexual activity and was related to the

lowest values of humidity and rainfall, in addition to high tem-

peratures, characteristically of dry season. Inversely, November,

December 2006 and March, May and June 2007 presented the

highest values of sexual activity, related to higher values of

humidity and rainfall and mild temperatures (humid season).

The group formed by September, October 2006 and July

2007 (transition between seasons), showed intermediate values

of humidity, rainfall and temperature, related to average values

of sexual activity.

Only April 2007, which had the highest temperature if

compared to rainfall and humidity values showed, and August

2007, with higher humidity, that came out a little of what was

expected to average values to sexual activity.

The regression between rainfall and sexual activity was

significant (P = 0.002; F = 18.617) (Figure 8). So, the higher

rainfall the higher the sexual activity is, that is, higher the

number of specimen sexually active.

3. Relationship between peristome and sexual maturity

A total of 540 snails were collected, being 54% ‘‘Old-

Adults’’, 34% ‘‘Intermediate’’ and only 12% ‘‘Young-Adults’’.

Observing the monthly rate among ‘‘Old-Adults’’,

‘‘Intermediate’’ and ‘‘Young-Adults’’, shown on figure 9, it is

possible to note increase of ‘‘Old-Adults’’ on rainy months.

Table 4. Representativeness of each variable in each axis, extracted
by Principal Component Analysis (PCA) to datasets of Achatina

fulica Bowdich, 1822 from Salvador city, Bahia, collected from
September 2006 to August 2007.

PC1 PC2

Temperature 0.348 0.883

Humidity -0.701 0.023

Rainfall -0.623 0.468

Figure 7. Plotting of the two first axis of variation (PC1 x PC2) of Principal Component Analysis to datasets of Achatina fulica Bowdich, 1822 from
Salvador city, Bahia, collected from September 2006 to August 2007, shows the generation of three clusters showing three groups.

Figure 8. Linear regression between rainfall and the sexual activity
(proportion of active) of Achatina fulica Bowdich, 1822 form Salvador
city, Bahia, from September 2006 to August 2007. F = 18,617; P =
0,002; R2 = 0,651
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The thickness of peristome ranged from 0.1 mm to 2.95 mm,

with average 0.93 mm, although the most frequent thickness was

0.85 mm.

Almost all snails belonging to stage ‘‘Old-Adult’’ sexual

development showed portions of female and male reproductive

systems (96%). Among ‘‘Intermediates’’, 65% presented both

portions of reproductive systems and, among ‘‘Young-Adults’’

86% had only the male portion (Figure 10).

Snails with eggs were observed in November 2006, January,

March, May, June and July 2007, being found more than one

snail carrying eggs only in March 2007. In seven A. fulica were

recorded 560 eggs, that is, in average 80 eggs per snail. From

these, five were ‘‘Old-Adults’’ with an average of 78 eggs per

snail and two ‘‘Intermediates’’ with an average of 86 eggs per

snail. ‘‘Young-Adults’’, despite the developed female portion of

reproductive system, showed no eggs.

Discussion

1. Aspects of population dynamics of Achatina fulica

As observed in Paraná by Fischer & Colley (2005), the

A. fulica population in Salvador is composed of animals of

medium to large size and in full sexual activity. Comparing to

the data obtained by Caetano (2005) and Ohbayashi &

Takeuchi (2007), the weight and height average shell were

lower than those obtained by this, as compared to Albuquerque

(2003) the average obtained were higher. The specimen large

and strong presence, probably with sexual development

complete reflects the process of invasion of the species in

Salvador, with the occupation of urban ecosystems, not only

causing serious ecological and economical problems, but also

possible damages to human and domestic animals health (Teles

et al. 1997, Vasconcellos & Pile 2001, Raut & Barker 2002,

Bender et al. 2003, Silva et al. 2003, Thiengo et al. 2006,

Thiengo et al. 2007, Thiengo et al. 2008).

Despite of having young individuals (recruits) throughout

the year, it was evident that recruitment was more frequent

from August to December 2006 and February 2007 which

characterize the end of wet season and the beginning of the dry

season. This result corroborates the information obtained on

items related to species reproduction. The period of greater

sexual activity, measured by the weight of the protein gland,

and the largest proportion of ‘‘Old-Adults’’ (present both parts

of reproductive system complete) occurs, mostly, during the wet

season. So the animals breed in the rainy season, investing their

energy in production of gametes and eggs, and the recruitment

occurs during the dry season.

In most animals, the body size is closed related to age, but

this increase in size is not constant throughout life and usually

describes an exponential curve with a rapid growth in the

beginning (young animal) that is decelerated as the animal

becomes older. As observed in the results, the growth curve of

A. fulica follows this pattern, with a rapid growth until two

years old (> 90 mm) becoming slower as the animal becomes

older.

Gomes et al. (2004), in studies with land pulmonates

gastropods in Rio Grande do Sul, came to the conclusion that

the cycle of life of population of Simpulopsis ovata (Sowerby,

1822) is annual and the species is semelparous (the species has

only one reproductive event, that is, adult individuals die after

the reproductive period), also, affirm that annual cycles have

been commonly found among land pulmonate gastropods as

Helicella (Xerothracia) pappi (Schütt, 1962), Salinator takii

Kuroda, 1928) (Lazaridou-Dimitriadou 1995, Kosuge 2000).

Unlike these land pulmonates with short life cycle, A. fulica can

live, in the wild life, more than four years and reproduce from

15 to 25 times in its life, this fact, combined to series of other

makes the species an excellent invader. Another species with

long life cycle and because of time of life and fast reproduction

may becomes invasive is Helix aspersa (Müller, 1774) (Madec

et al 2000).

The fact that snails have been found with the same age and

close to the value obtained to longevity and living almost four

years, suggests how well adapted they are to the environmental

conditions in Salvador. Being so, the eradication of the species

would be very difficult, being most suitable the population

control, since the eradication was only achieved in incipient

populations of A. fulica in California (EUA), Florida (EUA),

Queensland (Australia), Fiji, Samoa and Vanuatu (Raut &

Barker 2002, Thiengo et al 2007).

2. Climatic factors and sexual activity

Sexual activity at A. fulica could be evaluated through

albumen gland weight. The albumen gland, also called protein

gland, is responsible for producing and storaging of nutrient

substances that will ‘‘provide’’ the eggs (Nieland & Goudsmit

1969). Runham & Laryea (1968) showed this gland fluctuates

Figure 9. Monthly proportion of ‘‘Old-Adults’’, ‘‘Intermediates’’ and
‘‘Young-Adults’’ of A. fulica Bowdich, 1822 in Salvador, Bahia (n = 45
monthly) from September 2006 to August 2007.

Figure 10. Proportion of A. fulica Bowdich, 1822 with and without
F.P.R.S. (Female Portion of Reproductive System) per stages of sexual
maturity in Salvador city, Bahia.
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substantially in size during the different phases of reproductive

cycle, becoming larger before the egg posture and withering

immediately after the egg posture that, according to Tompa

(1984) may be the original size of this gland once all fluid

contained within it was moved to the eggs. The study of

Tomiyama (1993) showed that the maximum size of protein

gland in ‘‘Young-Adults’’ (not able to produce eggs) was 650

mg, so, glands heaviest than this would characterize sexual

activity at that moment.

By taking in mind the low temperature range (3.66C, Min.

23.66C and Max. 27.26C) and humidity (4.0%, Min. 92.8% e

Max. 96.8%), it is believed that these variables had little

influence on the activities of the snail, once this is a species

resistant to environmental variations, probably because they

evolved in forests edge (Raut & Ghose 1981). Ruat & Ghose

(1984) confirm this sentence showing that the activities of the

African snails are only affected by a long time under 106C or

over 306C and humidity under 80%, when they stow. These

limit values of temperature and humidity did not occur during

the study period and rarely occur.

The evidence of seasonality of A. fulica was recorded by Lai

et al (1982) which report the spread of the species, that is, the

occupation of new areas by new individuals added to

population occurs throughout the year, but is particularly

evident during or after winter. Raut & Barker (2002) also

consider the seasonality, with cycles related to favorable

periods and there may be two pronounced peaks in each

season, being the first after the resumption of activity and

completion of stowing phase and the second, 2 to 3 months

later. In Malaysia, Berry & Chan (1968) also consider the

existence of an apparent annual cycle of A. fulica, but related to

the dry and rainy seasons.

The results of the study showed that there is a clear

relationship among the environmental conditions, particularly

the rainfall range, and sexual activity of A. fulica in Salvador.

In addition, we can also say that for the studied period, the

sexual activity was more manifested in the rainy period and in

March, when it rained more than expected, confirming the

hypothesis of interest. Albuquerque (2003) reached similar

results; observing the sexual behavior of the snail in Lauro de

Freitas - Bahia found that the copulations occurred more

frequently from April to August and in rainy days.

Apart from environmental conditions, sexually active

individuals were found in all sampled months, which suggest

that A. fulica is able to reproduce throughout the year.

3. Relationship between peristome and sexual maturity

Studies made by Tomiyama & Miyashita (1992) and

Tomiyama (1993, 2002) describe that the thickness of peristome

has a close relation with sexual maturity, appearing in the

beginning of maturity and developing as the specimen matures,

being so, able to feature three stages: ‘‘Young-Adult’’

(peristome , 0.5 mm): section of male reproductive system

developing or complete, no female section detected;

‘‘Intermediate’’ (0.5 to 0.8 mm): section of male reproductive

system fully developed, may or not presents female section; e

‘‘Old-Adult’’ (peristome . 0.8 mm) presents both parts of

reproductive system well developed (hermaphrodites).

Different from presented by Tomiyama (1993), there were

found some ‘‘Old-Adults’’ without the female portion of

reproductive system. This fact combined to the presence of

snails presenting hermaphroditic reproductive system complete

with peristome of only 0.35 mm (Young-Adult), being the trend

suggested by Tomiyama (1993; 2002) that the species completes

its sexual development after the thickness of peristome exceed

the 0.5 mm (‘‘Intermediate’’), suggests an early sexual maturity

of the population of A. fulica in Salvador. This precocious

maturation of the population may have occurred due to

abundance of resources (food, shelter) and/or favorable

climatic conditions found in the city. Fisher & Colley (2005)

also found snails with reproductive system complete (perform-

ing posture, inclusive) with peristome smaller than 0.5 mm

(0.4 mm).

The presence of nearly 75% of the analyzed population with

sexual development complete, that is, ‘‘Old-Adults’’ and some

‘‘Intermediates’’ and characterized by large and vigorous

specimen are indications of the first phase of population

establishment suggested by Civeyrel & Simberloff (1996) where

there is an exponential increase of population of the species.

Despite not having been observed in this study, the increase of

the population of A. fulica has been reported for some time in

Salvador.

The increase in the number of ‘‘Old-Adults’’ on rainy months,

found in this study, also was noticed by Albuquerque (2003) at

Lauro de Freitas. This increase is related to a larger observation

of sexual activity in the rainy period, once that these animals

(‘‘Old-Adults’’) are larger and present sexual development

complete, making them more capable to reproduction.

Tomiyama & Miyashita (1992) found in their studies that

‘‘Old-Adults’’ present a higher number of eggs per posture

when compared with ‘‘Intermediates’’. These data are conflict-

ing with those found in this present study becouse the values

obtained to ‘‘Old-Adults’’ (77.6 eggs per individuals) are lower

than the values obtained to ‘‘Intermediates’’ (86.0 eggs per

individuals). The answer to this observation may be in the

insufficient number of animals with eggs collected (seven).

Despite not having been found ‘‘Young-Adults’’ producing

eggs - a result also found by Tomiyama & Miyashita (1992) -

the absence of the female portion of reproductive system as a

justification for the fact cannot be used in this case. The most

plausible is to consider that these animals, despite of having the

female portion of reproductive system, it is not completely

developed, not being able to produce eggs. We cannot rule out

the possibility that these animals were not sexually active only

when collected.

By not obtain a significant number of snails with eggs to

perform posture, we cannot make any kind of inference related

to period when it is more frequent or the amount of eggs that

each individual can stock, requiring further studies to elucidate

these points. Specimen with eggs were found as in the top of dry

season (November to January) as in the rainy season (March,

May, June and July), possibly, because of the low annual

climate variation in Salvador, which presents a humid tropical

climate, conducive to the development of A. fulica. In addition,

Raut & Barker (2002) affirm that the storage capacity of sperm

provides to the species of Achatinidae ability to produce eggs in

any time of year.

4. Conclusions

The favorable climate found in Salvador provides to the

African snail optimal conditions for survival and development,

reproducing earlier. In addition, the low variation of tempera-

ture and humidity requires very few of the ability to resist great

environmental variations that the species has, being thus, able
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to reproduce throughout the year, increasing its activity as

rainfall increases.

The relationship between thickness of peristome and the

stage of sexual maturity suggested by Tomiyama & Miyashita

(1992) and Tomiyama (1993, 2002) is real, but should be

adjusted to each specific region. Although there is a relation-

ship between the thickness of peristome and sexual maturity,

the limits among stages are not well determined and, depending

on where the study is performed, the deemed values of thickness

of peristome per each sexual stage may vary. In the case of

Salvador ‘‘Young-Adults’’ would have peristome smaller than

0.35 mm, ‘‘Intermediate’’, from 0.35 mm to 0.90 mm and ‘‘Old-

Adults’’, larger than 0.90 mm.

As the eradication becomes impossible because of high

levels of invasion found in Salvador, it is recommended to

control the species. This control, in spite of occur continuously,

should be intensified in the rainy periods, since these are the

periods when the animals are seen more frequently, just because

they are sexually active, looking for sexual partners or for

reproduction areas. It is suggested the implement of manage-

ment and control of A. fulica created by IBAMA in 2004 and is

already proving successful in another cities where the snail is a

pest (Brasil 2007).

Studies about the population biology of the species are

essential to the implementation of control programs and

eradicate invasive species. The knowledge about population

dynamic of A. fulica in Salvador can provide further actions to

minimize the impacts caused by this species.
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de Guaraqueçaba, Paraná, Brasil. Estud. Biol., 26(54): 43––50.

FISCHER, M.L & COLLEY, E. 2005. Espécie invasora em reservas
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acesso em 22/06/2008)
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Saúde. Publ., 35(6): 582––584.

Received 07/01/2014

Revised 24/06/2014

Accepted 05/08/2014

Biota Neotrop 11

Population dynamics and reproduction of A. fulica

http://dx.doi.org/10.1590/1676-0603000414 http://www.scielo.br/bn

., 14(3): e20140004, 2014

http://dx.doi.org/10.2306%2Fscienceasia1513-1874.1989.15.071
http://dx.doi.org/10.2306%2Fscienceasia1513-1874.1989.15.071
http://dx.doi.org/10.1111%2Fj.1095-8312.2000.tb01667.x
http://dx.doi.org/10.1111%2Fj.1095-8312.2000.tb01667.x
http://dx.doi.org/10.1590%2FS0074-02762007000100007
http://dx.doi.org/10.1590%2FS0074-02762007000100007
http://dx.doi.org/10.1016%2FS0022-5320%2869%2980059-6
http://dx.doi.org/10.1303%2Fjjaez.2007.221
http://dx.doi.org/10.1303%2Fjjaez.2007.221
http://dx.doi.org/10.1016%2FS0167-8809%2800%2900178-X
http://dx.doi.org/10.1016%2FS0167-8809%2800%2900178-X
http://dx.doi.org/10.1007%2Fs002440010131
http://dx.doi.org/10.1023%2FB%3ABINV.0000022133.49752.46
http://dx.doi.org/10.1023%2FB%3ABINV.0000022133.49752.46
http://dx.doi.org/10.1093%2Ficesjms%2F23.3.366
http://dx.doi.org/10.1093%2Ficesjms%2F23.3.366
http://dx.doi.org/10.1590%2FS0034-89101997000300014
http://dx.doi.org/10.1590%2FS0034-89101997000300014
http://dx.doi.org/10.1007%2Fs10530-006-9069-6
http://dx.doi.org/10.1007%2Fs10530-006-9069-6
http://dx.doi.org/10.1016%2Fj.jip.2007.10.010
http://dx.doi.org/10.1016%2Fj.jip.2007.10.010

	Introduction
	Material and methods
	1. Study site
	2. Sampling & experimental design
	3. Morphometric analysis
	4. Laboratorial analysis
	5. Statistical analysis

	Results
	1. Aspects of population dynamics of Achatina fulica

	TABLE_1
	TABLE_2
	TABLE_3
	2. Climatic factors and sexual activity
	3. Relationship between peristome and sexual maturity

	TABLE_4
	Discussion
	1. Aspects of population dynamics of Achatina fulica
	2. Climatic factors and sexual activity
	3. Relationship between peristome and sexual maturity
	4. Conclusions

	References
	Introduction
	Material and methods
	1. Study area
	2. Field work
	3. Vegetation characterization
	4. Procedure for analysis
	5. Statistics and additional comments

	Results
	Discussion
	TABLE_1
	TABLE_2
	TABLE_3
	References
	TABLE_4
	Introduction
	Material and Methods
	Study area
	Sampling and data analysis

	Results
	TABLE_1
	TABLE_2
	Discussion
	TABLE_3
	References
	Introduction
	Material and Methods
	1. Study area
	2. Data collection

	Results and Discussion
	TABLE_1
	TABLE_
	Acknowledgments
	TABLE_2
	References
	Introduction
	Material and methods
	1. Study area
	2. Collection and identification of specimens

	Results and discussion
	TABLE_1
	Appendix
	Listing of vouchers

	References
	Introduction
	Materials and methods
	Study sites
	Sampling protocols
	Feeding groups
	Analyses

	Results
	Discussion
	TABLE_1
	References
	Introduction
	Material and methods
	Results and discussion
	TABLE_1
	TABLE_2
	References
	Introduction
	Materials and methods
	1. Study area
	2. Data source and analysis

	TABLE_1
	Results
	Discussion
	TABLE_2
	TABLE_3
	References
	Introduction
	Material and Methods
	1. Study area
	2. Data collection

	TABLE_1
	3. Data analyses

	Results
	Discussion
	TABLE_2
	Acknowledgements
	References
	Introduction
	Material and methods
	Study site
	Data collection

	Analysis
	Results
	Discussion
	TABLE_1
	TABLE_2
	References
	TABLE_
	TABLE_
	TABLE_
	Introduction
	Materials and methods
	Results
	Discussion
	TABLE_1
	References
	Introduction
	Material and methods
	Results and discussion
	References
	Introduction
	1 History of speleobiology in the Mato Grosso do Sul State

	Study site
	Methods
	Results
	Discussion
	1 Distribution patterns and diversity

	TABLE_1
	TABLE_2
	TABLE_3
	TABLE_4
	TABLE_
	TABLE_
	TABLE_
	TABLE_5
	TABLE_
	TABLE_
	TABLE_6
	TABLE_
	TABLE_
	TABLE_7
	TABLE_
	TABLE_
	TABLE_
	TABLE_
	TABLE_8
	2 Phylogenetically and biogeographically relevant taxa&colon; Spelaeogriphacea, Megagidiella, Onychophora
	3 Ecological notes

	TABLE_9
	4 Conservation&colon; Main threats to the subterranean biodiversity in the Mato Grosso do Sul karst areas

	Final considerations
	1 Perspectives for speleobiology in Mato Grosso do Sul
	2 Main collections&colon;

	References
	Introduction
	Study area overview
	1. Beach morphodynamics
	2. Coastal occupation & sandy shore threats
	3. Wave climate & weather events

	Macrobenthic compartments
	1. Zonation patterns
	2. Beach morphodynamics and macrobenthic assemblages

	Across&hyphen;shore trophic relationships
	1. Supralittoral zone

	TABLE_1
	2. Mesolittoral zone
	3. Infralittoral &lpar;inner and outer surf zones&rpar;

	Summary & conclusions
	References



