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Although nesting ecology is well studied in crocodilians, there is little information on the diet and feeding habits of nesting 
females. During the annual dry season (November–December) of 2012, we studied the diet of female spectacled caiman 
(Caiman crocodilus) attending nests (n=33) and far from nests (n=16) in Piagaçu-Purus Sustainable Development Reserve (PP-
SDR), Central Amazonia, Brazil. The proportion of empty stomachs in nest-attending females was larger, and the occurrence 
of fresh food items was lower when compared to females not attending nests. Fish was the most frequent prey item for 
non-nesting females, while terrestrial invertebrates and snail operculae were the prey items most commonly recovered from 
stomachs of nesting females. Our study demonstrates that, despite enduring periods of food deprivation associated with 
nest attendance, nesting females of C. crocodilus still consume nearby available prey, possibly leaving their nest temporarily 
unattended.
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INTRODUCTION

Understanding the diet of an organism is important to 
understand its ecology (Rosenberg & Cooper, 1990). 

Crocodilians prey on a wide variety of invertebrates 
and vertebrates (Magnusson et al., 1987; Ross, 1989; 
Alderton, 1991), and their opportunistic feeding 
strategies can affect their behaviour, body condition, 
growth and reproduction (Chabreck, 1971; Joanen 
& McNease, 1987; Delany et al., 1999; Rice, 2004). 
Although nesting ecology is well studied in several 
crocodilian species (Kushlan & Kushlan, 1980; Staton 
& Dixon, 1977; Platt & Thorbjarnarson, 2000; Webb et 
al. 1977), there is still little information on the diet and 
feeding habits of nesting females. It has been suggested 
that female Alligator mississippiensis nesting may have 
opportunities to consume terrestrial vertebrates near 
shoreline or in marshes (Delany & Abercrombie, 1986). 
Nesting female Crocodylus niloticus, however, appear to 
spend much of their time lying in a comatose state on or 
close to the nest, and preliminary examination of stomach 

contents indicated that they fast during the three month 
incubation period (Mrosovsky & Sherry, 1980). 

At least three of the four crocodilian species that 
occur in the Amazon basin construct their mound 
shaped nests in varzea (seasonal flooded forest) habitats 
during the annual dry season, when the water levels 
are at their lowest values (Thorbjarnarson & Da Silveira, 
2000; Villamarín et al. 2011). The spectacled caiman (C. 
crocodilus) is a mid-size crocodilian which builds nests 
along the margins of lakes and canals but also at distances 
of hundreds of metres from a permanent water body 
(Staton & Dixon, 1977; Da Silveira et al., 2010; Villamarín 
et al. 2011). Nesting female C. crocodilus usually hide 
near the nest in an almost comatose state (Staton & 
Dixon, 1977; Marioni et al., 2007). Although the diet 
and feeding behaviour of C. crocodilus has generally 
been investigated (Staton & Dixon, 1975; Gorzula, 1978; 
Magnusson et al., 1987; Thorbjarnarson, 1993a, b; 
Marioni et al., 2008; Laverty & Dobson, 2013), there is still 
no information available on the diet of nesting females. 
In the flood-plains of the Anavilhanas Archipelago in 



66

J .A .L .  Barão-Nóbrega et  a l .

Central Amazonia, adult male and non-nesting females 
eat mainly fish and crabs, though other prey items such 
as insects, spiders and snails are also commonly found in 
stomach contents (Da Silveira & Magnusson, 1999). 

The main objectives of our study were to examine 
whether nesting females feed less frequently than 
non-nesting females, and to evaluate whether nest 
attendance influences the types of prey that females eat.

MATERIAL AND METHODS

The Piagaçu-Purus Sustainable Development Reserve 
(PP-SDR) is located between the Purus and Amazonas 
Rivers (04°05’S, 61°44’W and 5°20’S, 63°20’W; Fig. 1), 
approximately 350 km southwest of Manaus, Amazonas 
State, Brazil. PP-SDR encompasses about 834,245 ha 
of terra-firme forest and seasonally inundated forests 
(varzea), which are influenced by an annual inundation 
pulse of nutrient-rich, silt-laden waters (Junk, 1997; Junk 
et al., 2010). In PP-SDR, varzea covers about half of the 
reserve, and includes lakes and canals covered by floating 
vegetation, as well as forest (Haugaasen & Peres, 2006). 

We carried out the study between November and 
December of 2012. This period coincides with the annual 
dry season, when caimans are nesting (Marioni et al., 
2007). Nests of C. crocodilus are mound-shaped and were 
located by walking along the margins of 14 permanent 
water bodies and adjacent areas of varzea forest (up to 
100 metres inside the forest; Villamarín et al., 2011). 
When a nest was located, its coordinates were registered 
with a GPS recorder (Fig. 1). Nesting females were 

captured and physically restrained using a pole-snare 
(Ketch-All Animal Restraining Pole), ropes and tapes (Da 
Silveira et al., 1997). Captured females had their mass 
determined and snout-vent length (SVL) measured with 
a metric scale (± 0.5 mm), and were marked by removal 
of an individual combination of three vertical tail scutes 
(Da Silveira et al., 1997). All procedures were performed 
on site and all animals were released within 20 minutes 
of being captured.

In PP-SDR, all females with SVL>60 cm are 
reproductively active (Souza et al., 2010). Non-nesting 
females were located by their eyeshine during nocturnal 
surveys using an aluminium boat with a 15 HP motor, 
captured using a pole with a break-away noose, and 
physically restrained using ropes and tapes (Da Silveira 
& Magnusson, 1999). Sex was confirmed by cloacal 
inspection (Ziegler & Olbort, 2007). Captured females 
were measured (SVL), weighed and marked as described 
for nesting females (Da Silveira & Magnusson, 1999). GPS 
coordinates were registered at each capture (Fig. 1). 

Stomach contents of nesting and non-nesting females 
were obtained by stomach flushing (Taylor et al., 1978; 
Webb et al., 1982; Da Silveira & Magnusson, 1999), a safe 
technique demonstrated to recover >95% of ingested 
prey from crocodilian stomachs (Fitzgerald, 1989; Rice 
et al., 2005). After manually opening the jaws for the 
insertion of a piece of polyvinyl chloride (PVC) tube, both 
jaws were tightly secured with rubber bands and duct 
tape. A metallic spoon lubricated with mineral oil was 
carefully inserted to stir the stomach content and aid in 
its removal, before a rubber hose, also covered in mineral 
oil, was inserted to pump in filtered water. Stomach 
contents were collected in a bucket and preserved in 70% 
alcohol after excess water was drained off (Da Silveira 
& Magnusson, 1999). Stomach contents were analysed 
in the laboratory within 3 months of collection. Prey 
items were identified to the level of order, family or 
genus, classified as recently ingested or old fragments, 
and then grouped within five prey categories: terrestrial 
invertebrates, aquatic invertebrates, molluscs, fish 
and other vertebrates. Molluscs and insects were only 
considered recently ingested if intact or with evidence of 
active digestion (Thorbjarnarson, 1993a). Crabs and most 
fish remains were classified as recently ingested because 
these prey items are digested relatively rapidly (Delany 
& Abercrombie, 1986; Magnusson et al., 1987). Fish 
remains were considered as old fragments when only a 
few degraded scales were present (Rice, 2004).

Preliminary dietary analysis was conducted by 
comparing the proportion of empty stomachs (without 
any food items) between nesting and non-nesting females. 
As chitinous exoskeletons of some invertebrates may 
remain in crocodilian stomachs for periods of up to several 
months (Garnett, 1985), we also compared the proportion 
of stomachs containing at least one recently ingested 
prey. Percent occurrence was calculated (Rosenberg & 
Cooper, 1990; Platt et al., 2013) for each prey category 
by dividing the number of stomachs containing at least 
one item included in that prey category by the total of 
non-empty stomachs analysed. Proportions for nesting 
and non-nesting females were calculated separately.

Fig. 1. Location of Piagaçu-Purus Sustainable 
Development Reserve and capture sites of nesting (stars) 
and non-nesting (circle) females of Caiman crocodilus. 
Each point represents a female.
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All comparisons were tested for statistical significance 
using the Mann-Whitney rank-sum test (Zar, 1999). We 
also used non-metric multidimensional scaling ordination 
(NMDS) to evaluate if observed differences in diet 
composition were influenced by size-related trends in the 
percent occurrence of prey categories between nesting 
and non-nesting females. In this analysis, we used the 
Bray-Curtis index implemented in the program PC-ORD 
(McCune & Mefford, 1999) to construct a dissimilarity 
matrix between individual females. This index has been 
recommended for use in ecological (Minchin, 1987; Borg 
& Groenen, 1997) and dietary (Horna et al., 2001) studies. 
The NMSD was used to generate a single ordination of 
prey categories among females based on the Bray-Curtis 

distance matrix. The resulting axis from the ordination 
was used as the dependent variable (Horna et al., 2001) 
in an Analysis of Covariance (ANCOVA), in which the 
categorical variable nest (i.e. nesting or non-nesting 
female) was used as the predictor variable and SVL was 
used as a covariate.

RESULTS

We obtained stomach contents of 33 nesting and 16 
non-nesting females. SVL varied from 66.2 to 83.7 cm 
(mean=75.8±4.2) in nesting females, and from 61.0 
to 79.8 cm (mean=72.4±9.3) in non-nesting females. 
Body mass of nesting and non-nesting females ranged 

Table 1. Occurrence (O), percent occurrence (%O), frequency (N) and relative frequency (%N) of prey items found in 
stomach contents of nesting and non-nesting females of Caiman crocodilus in PP-SDR. Prey items grouped into five 
prey categories: Terrestrial Invertebrates (TI), Aquatic Invertebrates (AI), Molluscs, Fish or Other Vertebrates (OV). See 
Material and Methods section for detailed information on fresh prey.

Nesting Non-nesting 

Occurrence Frequency Fresh? Occurrence Frequency Fresh?

Category Order Family O %O N %N --- O %O N %N ---

AI Decapoda Trichodactylidae 2 0.06 2 0.02 Yes 1 0.06 1 0.01 Yes

AI Decapoda Palaemonidae 0 0 0 0 --- 1 0.06 1 0.01 Yes

AI Hemiptera Belostomatidae 2 0.06 2 0.02 No 4 0.25 4 0.03 Yes

TI Blattaria Blaberidae 1 0.03 1 0.01 Yes 0 0 0 0 ---

TI Coleoptera Carabidae 6 0.18 9 0.11 No 2 0.13 2 0.02 No

TI Diptera --- 2 0.06 2 0.02 Yes 5 0.31 7 0.06 Yes

TI Hemiptera Cicadidae 1 0.03 3 0.04 Yes 4 0.25 20 0.16 Yes

TI Hemiptera Cicadellidae 0 0 0 0 --- 1 0.06 1 0.01 Yes

TI Hymenoptera Formicidae 16 0.48 36 0.44 Yes 7 0.44 51 0.4 Yes

TI Hymenoptera Vespidae 2 0.06 2 0.02 Yes 2 0.13 2 0.02 Yes

TI Isoptera --- 1 0.04 1 0.01 No 0 0 0 0 ---

TI Orthoptera --- 1 0.04 1 0.01 Yes 2 0.13 2 0.02 Yes

TI Scolopendromorpha --- 1 0.03 1 0.01 Yes 0 0 0 0 ---

Mollusc Gastropoda Ampullariidae 8 0.24 16 0.20 No 0 0 0 0 ---

Fish Beloniformes Belonidae 0 0 0 0 --- 1 0.06 1 0.01 Yes

Fish Characiformes Anostomidae 0 0 0 0 --- 2 0.13 3 0.02 Yes

Fish Characiformes Erythrinidae 0 0 0 0 --- 1 0.06 1 0.01 Yes

Fish Characiformes Characidae 0 0 0 0 --- 1 0.06 1 0.01 Yes

Fish Characiformes Serrasalmidae 0 0 0 0 --- 1 0.06 1 0.01 Yes

Fish Characiformes Unidentified 0 0 0 0 --- 1 0.06 1 0.01 Yes

Fish Osteoglossiformes Osteoglossidae 0 0 0 0 --- 1 0.06 1 0.01 No

Fish Perciformes Cichlidae 0 0 0 0 --- 3 0.19 3 0.02 Yes

Fish Siluriformes Auchenipteridae 0 0 0 0 --- 1 0.06 1 0.01 Yes

Fish Siluriformes Callichthyidae 0 0 0 0 --- 6 0.38 6 0.05 Yes

Fish Siluriformes Loricaridae 0 0 0 0 --- 2 0.13 2 0.02 Yes

Fish Siluriformes Pimelodidae 0 0 0 0 --- 1 0.06 2 0.02 Yes

Fish Synbranchiformes Synbranchidae 0 0 0 0 --- 1 0.06 3 0.02 Yes

Fish Unidentified --- 1 0.04 1 0.01 No 1 0.06 2 0.02 No

OV Squamata Amphisbaenidae 0 0 0 0 --- 1 0.06 1 0.01 Yes

OV Unidentified reptile --- 1 0.04 1 0.01 No 1 0.06 1 0.01 No

OV Primates Atelidae/Cebidae 1 0.04 1 0.01 No 0 0 0 0 ---

Empty --- --- 8 0.24 --- --- 0 0 --- ---

Total --- --- 33 1 81 1 16 1 125 1
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from 6.2 to 13.6 kg (mean=9.4±1.6) and 5.1 to 13.4 kg 
(mean=9.3±2.4), respectively. While mean SVL of nesting 
females was higher than non-nesting females (t=2.29; 
df=47; p=0.03), there was no significant difference in 
body mass (t=0.19; df=47; p=0.84).

Total mass of stomach contents in nesting and non-
nesting females was 208 g (mean=8.5±11.6) and 207 g 
(mean=13.3±11.4), respectively. Plant material occurred 
in stomach contents of 62% of nesting females and 72% 
of non-nesting females, representing about 27% and 2% 
of the total mass, respectively. About 24% of stomachs of 
nesting females were empty (Fig. 2A), while stomachs of 
all non-nesting females contained at least one food item 
(U=234.0; p<0.05). The number of food items in nesting 
females ranged between 1 and 8 (mean=3.2±1.9), and 

was significantly less (U=112.5; p<0.02) than the number 
encountered in non-nesting females (ranging between 1 
and 26 (mean=7.9±7.5). 

Recently ingested food items were found in only 39% 
of stomach contents of nesting females (Fig. 2A), whereas 
all non-nesting females had recently ingested prey items 
in their stomachs (U=84; p<0.05). A total of 206 prey 
items were identified, 70% of which were terrestrial 
invertebrates, 15% were fish, 8% were molluscs, 5% were 
aquatic invertebrates and 2% were other vertebrates 
(Table 1). 

The proportion of terrestrial invertebrates did not 
differ significantly (U=205.6; p=0.82) between nesting 
and non-nesting females. Aquatic invertebrates were 
more often found in stomachs of non-nesting females, 
however with no significant difference between the two 
female groups (U=157; p=0.12). Molluscs only occurred in 
stomach contents of nesting females (U=205.5; p<0.05). 
Fish comprised a larger part of the diet in non-nesting 
females (U=33; p<0.05), and fish remains were found in 
88% of non-nesting females and 4% of the nesting females. 
No significant difference (U=191; p=0.64) was found in 
the proportion of other vertebrates. The NMDS revealed 
a significant difference between nesting and non-nesting 
females (Fig. 3). Diet composition of individual females 
was affected by nesting status (nesting or non-nesting, 
ANCOVA, F1,1=22.449; p<0.001), but not by female size 
(F1,40=0.001; p=0.972, Table 2).

DISCUSSION

Crocodilians are generalist opportunistic predators 
and their diet may vary according to species, habitat, 
prey availability, and environmental conditions such as 
temperature and water levels (Ross, 1989; Da Silveira 
& Magnusson, 1999; Richardson et al., 2002). Our 
study demonstrates that nest attendance is another 

Variables Sum of 
squares df Mean 

square F p r2

Diet 
composition 0.39

Nest 14.698 1 14.698 22.449 0.000
SVL 0.001 1 0.001 0.001 0.972
Error 24.880 38 0.655 --- ---

Table 2. Summary of analysis of covariance investigating 
the effects of the independent variables Nest (in 
attendance or not in attendance) and size (SVL - cm) on 
diet composition (derived from multidimensional scaling 
analysis) of nesting and non-nesting female Caiman 
crocodilus in PP-SDR. 

Fig. 3. Diet composition (represented by score values 
derived from multidimensional scaling analysis) between 
nesting and non-nesting females of Caiman crocodilus in 
PP-SDR. Each point represents a female.

Fig. 2. Incidence of empty stomachs (A) and fresh food 
items (B) in Caiman crocodilus nesting (n=33) and non-
nesting females (n=16) in PP-SDR. 

B
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important factor to influence the dietary composition 
and feeding frequency of female C. crocodilus during egg 
the incubation period. Relatively low metabolic demands 
(Coulson & Hernandez, 1983) and high food conversion 
rates (Webb et al., 1991) suggest that crocodilians feed 
infrequently and often at lengthy intervals (Coulson et al., 
1989). However, although nesting females of C. crocodilus 
may endure periods of food deprivation associated with 
nest attendance (see Neill, 1971; Mrosovsky & Sherry, 
1980; Webb et al. 1983; Whitaker & Whitaker, 1984 for 
other crocodilians and Mrosovsky & Sherry, 1980 for 
birds), they occasionally ingest food. However, reports 
of crocodilians with empty stomach contents in dietary 
studies are generally common (e.g. Taylor, 1979; Da 
Silveira & Magnusson, 1999; Platt et al., 2006), and a 
more reliable index of relative feeding frequency than the 
proportion of empty stomachs found is the prevalence 
of fresh prey (Thorbjarnarson, 1993a; Platt et al., 2013). 
Only about 40% of nesting females stomachs contained 
fresh food remains, whereas all non-nesting females 
had fresh prey in their stomachs, suggesting that these 
females are able to feed more often that those attending 
nests. 

Most prey categories that we encountered have 
previously been recorded for this species in the Amazon 
(Magnusson et al., 1987; Da Silveira & Magnusson, 1999; 
Laverty & Dobson, 2013) and in the Llanos of Venezuela 
(Staton & Dixon, 1975; Thorbjarnarson, 1993a). However, 
for the first time we also found primate remains, based 
on hair cuticular and medullar patterns (Quadros, 2002; 
Ingberman & Monteiro-Filho, 2006; Quadros & Monteiro-
Filho, 2006) probably an Atelidae (Alouatta puruensis) 
or Cebidae (Sapajus apella or Saimiri sciureus). Sapajus 
apella is responsible for about 80% of depredation 
events on nests of C. crocodilus and Melanosuchus niger 
in our study area (Marioni et al., 2007; Barão-Nóbrega 
et al., 2014). Species of the genus Saimiri have also 
been mentioned as potential predator of eggs and/or 
emerging hatchlings of C. crocodilus elsewhere (Barboza 
et al., 2012). 

The high incidence of fish in the diet of non-nesting 
females is in accordance with previous information 
(Staton & Dixon, 1975; Da Silveira & Magnusson, 1999). 
The low occurrence of fish in nesting C. crocodilus could 
be related to nest attendance combined with differential 
habitat use. While nesting females were found in the 
forest (Marioni et al., 2007), non-nesting females usually 
occur in the canals (Thorbjarnarson, 1994; Ayarzagüena 
& Castroviejo, 2008). 

The presence of aquatic prey items such as molluscs 
and aquatic beetles in the stomachs of nesting females 
suggests some food intake in nearby water bodies, 
although differential digestion is a common source of bias 
in studies of crocodilian diet (Jackson et al., 1974; Garnett, 
1985; Magnusson et al., 1987). Molluscs (Pomacea) 
chitinous opercula were found only in stomachs of 
nesting females, but tend to accumulate in the stomach 
of crocodilians for long periods of time (Diefenbach, 1975; 
Garnett, 1985). However, the occurrence of crustaceans 
in the stomachs of nesting females further suggests 
occasional feeding by nesting females in nearby water 

bodies. Females might also leave the nest unattended 
to feed in nearby water bodies (A. mississippiensis: 
Joanen & McNease, 1989; C. porosus: Webb et al., 1983; 
captive A. sinensis: Wang et al., 2011). Future studies 
should attempt to combine more detailed information 
on nesting female movements using techniques such as 
radio-telemetry.

ACKNOWLEDGEMENTS

This study was possible thanks to Ministério da Ciência, 
Tecnologia e Inovação (MCTI), Conselho Nacional de 
Desenvolvimento Científico e Tecnológico (CNPq), 
Instituto de Desenvolvimento Sustentável Mamirauá 
(IDSM), Instituto Nacional de Pesquisas na Amazônia 
(INPA), Instituto Nacional de Pesquisas Espaciais (INPE), 
Wildlife Conservation Society, AQUAVERT project funded 
by Programa Petrobras Ambiental), IUCN-SSC Crocodile 
Specialist Group Student Research Assistance Scheme 
(SRAS) and Universidade Federal do Amazonas (UFAM); 
through the MCTI/CNPq Universal 14/2011-Processo 
482996/2011-0 to RDS, CNPq through the GEOMA project 
Processo n° 382538/2010-6, through financial support 
of IDSM to PCCA/IPI, and MCTI research grant to BM. It 
was part of the master’s thesis of JALBN at the University 
of Aveiro (UA), Portugal. Instituto Piagaçu (IPI), UA, INPA 
and UFAM provided logistic support. Federal (Sisbio/
ICMBio N° 24054-1) and Amazonas State - SDS/CEUC 
(N° 022/2009) environmental authorities provided the 
research licenses. We thank R. Cintra for the assistance 
in the multivariate analysis, N.O. Aguiar, F. Godoi, T.L. 
Guadalberto, J. Zuanen, C. Bantel and A.C. Oliveira for the 
assistance in the identification of prey items and F. Lopes 
and G. Ávila for working the GPS data. We also would like 
to thank M.J.O. Bastos, Chiquinho and Ned “Jacuraru” for 
their support in the field. Without their assistance and 
vast knowledge on caiman nesting, this study would not 
have been possible. 

REFERENCES

Alderton, D. (1991). Crocodiles & Alligators of the World 
Blandford. 

Ayarzagϋena, J. & Castroviejo, J. (2008). Las babas (Caiman 
crocodilus L.) de la estación Biológica el Frio (estado de 
Apure), Llanos de Orinoco, Venezuela. In Contribución al 
conocimiento del género Caimán de Suramérica, 183–294. 
Castroviejo, J., Ayarzagϋena, J. & Velasco, A. (Eds.). Sevilha, 
Espanha: Publ, Asoc. Amigos de Donãna.

Barão-Nóbrega, J.A.L., Marioni, B., Villamarín, F., Soares, 
A.M.V.M., et al. (2014). Researcher disturbance has minimal 
impact on natural predation of caiman nests in Central 
Amazonia. Journal of Herpetology 48, 338–342.

Barboza, R.S.L., Costa, J.F.R., Andrade, A.F., Pezzutii, J.C.B. 
& Rebêlo, G.H. (2012). Indícios de predação de ovos de 
Caiman crocodilus (jacarétinga) por Saimiri sp. (Macaco-
de-cheiro). Neotropical Primates 19, 24–27. 

Borg, I. & Groenen, P. (1997). Modern Multidimensional Scaling, 
USA: Springer. 

Chabreck, R.H. (1971). The foods and feeding habits of 
alligators from fresh and saline environments in Louisiana. 



70

J .A .L .  Barão-Nóbrega et  a l .

Proceedings of the Southeastern Association of Game and 
Fish Commissioners 25, 117–124.

Coulson, R.A. & Hernandez, T. (1983). Alligator metabolism, 
studies on chemical reactions in vivo. Comparative Biology, 
74, 1–182.

Coulson, R.A., Herbert, J.D. & Coulson, T.D. (1989). Biochemistry 
and physiology of Alligator metabolism in vivo. American 
Zoologist 29, 921–934.

Da Silveira, R., Magnusson, W.E. & Campos, Z. (1997). 
Monitoring the distribution, abundance and breeding areas 
of Caiman crocodilus crocodilus and Melanosuchus niger 
in the Anavilhanas Archipelago, Central Amazonia. Brazil. 
Journal of Herpetology 31, 514–520.

Da Silveira, R. & Magnusson, W.E. (1999). Diet of spectacled 
caiman and black caiman in the Anavilhanas archipelago, 
Central Amazonia, Brazil. Journal of Herpetology 33, 181–
192. 

Da Silveira, R., Ramalho, E.E., Thorbjarnarson, J.B. & Magnusson, 
W.E. (2010). Depredation by Jaguars on Caimans and 
importance of reptiles in the diet of Jaguar. Journal of 
Herpetology 44, 418–424.

Delany, M.F. & Abercrombie, C.L. (1986). American Alligator 
food habits in north central Florida. Journal of Wildlife 
Management 50, 348–353.

Delany, M.F., Linda, S.B. & Moore, C.T. (1999). Diet and condition 
of American alligators in 4 Florida lakes. Proceedings of the 
Annual Conference of the Southeastern Association of Fish 
and Wildlife Agencies 53, 375–389. 

Diefenbach, C.O.C. (1975). Gastric function in Caiman crocodilus 
(Crocodylia: Reptilia) – Rate of gastric digestion and gastric 
motility as a function of temperature. Comparative 
Biochemistry and Physiology 51, 259–265. 

Fitzgerald, L.A. (1989). An evaluation of stomach-flushing 
techniques for crocodilians. Journal of Herpetology 23, 
170–172.

Garnett, S.T. (1985). The consequences of slow chitin digestion 
on crocodilian diet analysis. Journal of Herpetology 19, 
303–304.

Gorzula, S.J. (1978). An ecological study of Caiman crocodilus 
crocodilus inhabiting savanna lagoons in the Venezuelan 
Guayana. Oecologia 35, 21– 34.

Haugaasen, T. & Peres, C.A. (2006). Floristic, edaphic and 
structural characteristics of flooded and unflooded forests 
in the lower rio Purus region of central Amazonia, Brazil. 
Acta Amazonica 36, 25–36.

Horna, J.V., Cintra, R. & Ruesta, P.V. (2001). Feeding ecology of 
black caiman Melanosuchus niger in a western Amazonian 
Forest: The effects of ontogeny and seasonality on diet 
composition. Ecotropica 7, 1–11.

Ingberman, B. & Monteiro-Filho, E.L.A. (2006). Identificação 
microscópica dos pelos das espécies brasileiras de Allouatta 
Lacépède, 1799 (Primates, Atelidae, Alouattinae). Arquivo 
do Museu Nacional 64, 61–71.

Jackson, J.F., Campbell, H.W. & Campbell. K.E. (1974). The 
feeding habits of crocodilians: validity of the evidence from 
stomach contents. Journal of Herpetology 8, 378–381.

Joanen, T. & McNease, L. (1987). Alligator farming research 
in Louisiana, USA. In Wildlife management: crocodiles 
and alligators 409–415. Webb, G.J.W., Manolis, S.C. & 
Whitehead, P.J. (Eds.). Chipping Norton: Australia Surrey 
Beatty & Sons.

Joanen, T. & McNease, L. (1989). Ecology and physiology of 
nesting and early development of the American alligator. 
American Zoologist 29, 987–998.

Junk, W.J. (1997). General aspects of floodplain ecology with 
special reference to Amazonian floodplains. In The Central 
Amazon Floodplain, 3–20. Junk, W. J. (ed.). Berlin and 
Heidelberg, Germany: Ecological Studies, Springer-Verlag.

Junk, W.J., Piedade, M.T.F., Whittmann, F., Schöngart, J. & 
Parolin, P. (2010). Amazon floodplain forests: Ecophysiology, 
Biodiversity and Sustainable Management. Heidelberg, 
Germany: Ecological Studies, Springer. 

Kushlan, J.A. & Kushlan, M.S. (1980). Function of nest attendance 
in the american alligator. Herpetologica 36, 27–32.

Laverty, T.M. & Dobson, A.P. (2013). Dietary overlap between 
black caimans and spectacled caimans in the Peruvian 
Amazon. Herpetologica 69, 91–101. 

Magnusson, W.E., Da Silva, E.V. & Lima, A.P. (1987). Diets of 
Amazonian crocodilians. Journal of Herpetology 2, 85–95.

Marioni, B., Von Muhlen, E.M. & Da Silveira, R. (2007). Nesting 
of Melanosuchus niger and Caiman crocodilus in the 
Piagaçu-Purus Sustainable Development Reserve, Central 
Amazonia, Brazil. Crocodile Specialist Group Newsletter 26, 
8–9.

Marioni, B., Da Silveira, R., Magnusson, W.E. & Thorbjarnarson, 
J.B. (2008). Feeding Behavior of Two Sympatric Caiman 
Species, Melanosuchus niger and Caiman crocodilus, in the 
Brazilian Amazon. Journal of Herpetology 42, 768–772.

McCune, B. & Mefford, M.J. (1999). Multivariate Analysis of 
Ecological Data, Version 4.25. Ore, USA: MJM Software. 

Minchin, P.R. (1987). An evaluation of the relative robustness of 
techniques for ecological ordination. Theory and Models in 
Vegetation Science 69, 89–107.

Mrosovsky, N. & Sherry, D.F. (1980). Animal anorexias. Science 
207, 837–842.

Neill, W.T. (1971). The last of the ruling reptiles: alligators, 
crocodiles and their kin. New York: Columbia Universal 
Press.

Platt, S. G. & Thorbjarnarson, J.B. (2000). Nesting ecology of 
the American crocodile in the coastal zone of Belize. Copeia 
2000, 869–873.

Platt, S.G., Rainwater, T.R., Finger, A.G., Thorbjarnarson, J.B., et 
al. (2006). Food habits, ontogenic dietary partitioning and 
observations of foraging behaviour of Morelet’s crocodile 
(Crocodylus moreletii) in Northern Belize. Herpetological 
Journal 16, 281–290.

Platt, S.G., Thorbjarnarson, J.B., Rainwater, T.R. & Martin, 
D.R. (2013). Diet of the American Crocodile (Crocodylus 
acutus) in Marine Environments of Coastal Belize. Journal 
of Herpetology 47, 1–10.

Quadros, J. (2002). Identificação macroscópica de pelos de 
mamíferos brasileiros e sua aplicação no estudo da dieta de 
carnívoros. Ph.D. thesis. Curitiba, Brazil: Federal University 
of Paraná.

Quadros, J. & Monteiro-Filho E.L.A. (2006). Coleta e preparação 
de pelos de mamíferos para identificação em microscopia 
óptica. Revista Brasileira de Zoologia 23, 274–278. 

Rice, A.N. (2004). Diet and condition of American alligators, 
Alligator mississippiensis, in three central Florida lakes. 
M.Sc. thesis. Gainesville, Florida: University of Florida. 

Rice, A.N., Ross, J.P., Finger, A.G., & Owen, R. (2005). Application 
and evaluation of a stomach flushing technique for 



71

Diet  of  nest ing female caiman

alligators. Herpetological Review 36, 400–401.
Richardson, K.C., Webb, G.J.W. & Manolis, S.C. (2002). 

Crocodiles: Inside Out. A Guide to the Crocodilians and Their 
Functional Morphology. Chipping Norton, Australia: Surrey 
Beatty and Sons.

Rosenberg, K.V. & Cooper, R.J. (1990). Approaches to avian diet 
analysis. Studies in Avian Biology 13, 80–90.

Ross, J.P. (1989). Crocodiles and Alligators. United Kingdom: 
Merehurst Press.

Souza, M.M., Silva, S.E.M., Araújo, M.L., Barcellos, J.F.M., et 
al. (2010). Reproductive biology of Caiman crocodilus at 
Piagaçu-Purus Sustainable Development Reserve, Central 
Amazonia. Proceedings of the 20th Working Meeting of 
the IUCN-SSC Crocodile Specialist Group. IUCN: Gland, 
Switzerland, 230–230.

Staton, M.A. & Dixon, J.R. (1975). Studies on the dry season 
biology of Caiman crocodilus crocodilus from the 
Venezuelan Llanos. Memoria de la Sociedad de Ciencias 
Naturales La Salle 35, 237–265.

Staton, M.A. & Dixon, J.R. (1977). Breeding biology of the 
spectacle caiman, Caiman crocodilus crocodilus in the 
Venezuelan Llanos. Wildlife Research Report (U.S. Fish and 
Wildlife Service) 5, 1–21. 

Taylor, J.A., Webb, G.J.W. & Magnusson, W.E. (1978). Methods 
for obtaining stomach contents from live crocodilians 
(Reptilia, Crocodilidae). Journal of Herpetology 12, 415–
417. 

Taylor, J.A. (1979). The foods and feeding habits of subadult 
Crocodylus porosus Schneider in northern Australia. 
Australian Wildlife Research 6, 347–359.

Thorbjarnarson, J.B. (1993a). Diet of the spectacled caiman 
(Caiman crocodilus) in the Central Venezuelan Llanos. 
Herpetologica 49, 108–117.

Thorbjarnarson, J.B. (1993b). Fishing behavior of spectacled 
caiman in the Venezuelan Llanos. Copeia 1993, 1166–1171.

Thorbjarnarson, J.B. & Da Silveira, R. (2000). Secrets of the 

flooded forest. Natural History 109, 70–79.
Villamarín, F., Marioni, B., Botero-Arias, R., Thorbjarnarson, J.B. 

& Magnusson, W.E. (2011). Conservation and management 
implications of nest-site selection of the sympatric 
crocodilians Melanosuchus niger and Caiman crocodilus 
in Central Amazonia, Brazil. Biological Conservation 144, 
913–919.

Wang, J., Wu, X., Tian, D., Zhu, J., et al. (2011). Nest-site use 
by Chinese Alligator (Alligator sinensis) in the Gaojingmiao 
Breeding Farm, Anhui, China. Asian Herpetological Research 
2, 36–40. 

Whitaker, R. & Whitaker, Z. (1984). Reproductive biology of 
the mugger, Crocodylus palustris. Journal of the Bombay 
Natural History Society 81, 297–317. 

Webb, G.J.W., Messel, H. & Magnusson, W. (1977). The 
nesting of Crocodylus porosus in Arnhem Land, northern 
Australia. Copeia 1977, 238–249.

Webb, G.J.W., Manolis, S.C. & Buckworth, R. (1982). Crocodylus 
johnstoni in the McKinlay River area, N. T. I. Variation in the 
diet, and a new method of assessing the relative importance 
of prey. Australian Journal of Zoology 30, 877–899.

Webb, G.J.W., Sack, G.C., Buckworth, R. & Manolis, S.C. 
(1983). An examination of Crocodylus porosus nests in two 
Northern Australian freshwater swamps, with an analysis of 
embryo mortality. Australia Wildlife Research 10, 571–605.

Webb, G.J.W., Hollis, G.J. & Manolis, S.C. (1991). Feeding, 
growth, and food conversion rates of wild juvenile saltwater 
crocodiles (Crocodylus porosus). Journal of Herpetology 25, 
462–473.

Zar, J.H. (1999). Biostatistical Analysis. Fourth Edition. New 
Jersey: Prentice-Hall. 

Ziegler, T. & Olbort, S. (2007). Genital structures and sex 
identification in crocodiles. Crocodile Specialist Group 
Newsletter 26, 16–17.

Accepted: 3 June 2015




