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We report the effect of predation by the fire ant Solenopsis 
geminata on nests of the turtle Podocnemis unifilis in 
the Piagaçu Purus Sustainable Development Reserve, 
Amazonas, Brazil. During three consecutive breeding 
seasons (between September and October of 2012, 2013 
and 2014), 492 nests were monitored and 95 (19.3%) were 
predated. Solenopsis geminata was the main predator, 
accounting for 65.26% (n=62) of the losses. Nest predation 
by ants was not correlated with soil exposition time. 
However, all P. unifilis nests predated by S. geminata were 
entirely covered by vegetation, suggesting that ants may 
select nests at specific microhabitat conditions. Studies on 
larger scales, including areas where S. geminata is naturally 
absent, are needed to develop an adequate management 
of P. unifilis.

Key words: fire ant, flooded forest, freshwater turtle, 
offspring

For most chelonians, the characteristics of nesting 
sites can have direct consequences on reproductive 

success, and the development and survival of offspring 
after hatching (Weisrock & Janzen, 2000; Ferreira-Júnior 
& Castro, 2010). For example, lower nest temperature 
due to dense vegetation coverage can reduce metabolic 
activity of hatchlings (Janzen, 1994; Ferreira-Júnior & 
Castro, 2006). Therefore, clutches with longer incubation 
periods can be characterised by male-biased sex ratios 
(Souza & Vogt, 1994; Mrosovsky et al., 1999), may suffer 
from higher mortality due to elevated humidity (Packard 
et al., 1987), and are exposed to higher predation risks 
(Pignati et al., 2013a). A range of vertebrates have been 
reported as predators of chelonian nests (lizards: Escalona 
& Fa, 1998; birds: Ferreira-Júnior & Castro, 2010; canines: 
Boarman, 1997; Longo et al., 2009; felines: Escalona & Fa, 
1998). Nest predation by invertebrates are predominately 
reported for open areas or sandy soils (cockroaches: 
Ohba, 2011; crabs: Frick, 2003; ants: Allen et al., 2004; 
Pignati et al. 2013b). Predation intensity ranges from a 

small proportion of eggs per nest (lizards: Escalona & Fa, 
1998) to complete nest predation by ants (Allen et al., 
2004).

Ants (Hymenoptera: Formicidae) are considered 
dominant in most ecosystems (Wilson & Hölldobler, 
2005). In tropical forests, they represent up to 25% of 
the animal biomass (Fittkau & Klinger, 1973) and interact 
with a large number of other species. Eusocial behaviour 
maximises the monopolisation of resources (Moloney 
& Vanderwoude, 2002), and colonies serve as a buffer 
against environmental changes (Kaspari & Vargo, 1995). 
Such characteristics make ants important predators 
impacting on vertebrate populations including turtles 
(Allen et al., 2004).

Females of the yellow-spotted Amazon River turtle 
(Podocnemis unifilis) can lay up to 47 eggs (Erickson 
& Kaefer, 2015), with mean incubation time around 60 
days (Pritchard & Trebbau, 1984; Pignati et al., 2013a). 
Podocnemis unifilis can spawn in different substrates 
such as beaches, clayed slopes, the banks of lakes or 
rivers, and areas covered with vegetation (Escalona & 
Fa, 1998; Rueda-Almonacid et al., 2007); a considerable 
variation of nesting substrates is associated with a broad 
distribution of this species (Pritchard & Trebbau, 1984). 
While P. unifilis is listed as Vulnerable by the IUCN, it still 
occurs in the basins of the Amazon, Tocantins-Araguaia 
and Orinoco rivers (Rueda-Almonacid et al. 2007).

The intensive hunting of adults, consumption of eggs 
and illegal trade of members of the family Podocnemididae 
increasingly requires active conservation measures 
(Kemenes & Pezzuti, 2007; Waldez et al., 2013; Erickson 
et al. 2015). One project concerns the monitoring of 
nesting areas carried out in the Piagaçu Purus Sustainable 
Development Reserve in the state of Amazonas, Brazil 
(04°15’28.1” S; 061°55’52.9” W) directly involving local 
residents. In the present study, we report on the predation 
intensity of the fire ant (Solenopsis geminata) on P. unifilis 
nests over three consecutive breeding seasons. 

Field work was conducted during three consecutive 
dry seasons (September–December 2012-2014). In total, 



184

J .  Er ickson & F.  Baccaro

492 nests were monitored from egg laying until hatching 
of offspring. The area is characterised by forests that are 
periodically flooded and grow on clayed soils (Fig. 1 A-B). 
Location of nests was possible during the first 30 days 
after the first recorded spawning, when the river receded 
and the soil was exposed. The distance from the nest to 
the river and to the forest border served as a measure of 
soil exposition time: as the water recedes, areas close to 
the vegetation are available earlier for nesting.

In total, 19.3% of the nests (n=95) were attacked by 
predators. The lizard Tupinambis teguxin and the primate 
Cebus apella were responsible for 28.4% (n=27) and 6.3% 
(n=6) of predated nests. The fire ant (Solenopsis geminata) 
was the principal predator, accounting for 65.3% (n=62) 
of losses. In all cases, ants moved part of their colonies 
to the P. unifilis nest and killed all hatchlings. Predation 
occurred from early egg stages until hatching (Fig. 1C, D). 
No significant association was found between P. unifilis 
nests predation and distance to the river (p=0.701, Fig. 
2A) or to the forest (p=0.098, Fig. 2B), suggesting that 
predation by ants is not correlated to soil exposure time. 
However, all nests predated by ants were entirely covered 
by vegetation, growing after water recession.

Predation of turtle nests has been reported to be lower 
in vegetated areas (Escalona & Fa, 1998; Spencer, 2002), 

whereas nests with lower vegetation cover have a reduced 
incubation time (Pritchard & Trebbau, 1984; Broderick 
et al., 2000; Ferreira-Júnior & Castro, 2006; Pignati et 
al., 2013a). However, most previous studies focused on 
species with gregarious behaviour (P. expansa: Ferreira-
Júnior & Castro, 2010, Lepidochelys olivacea: Ortiz et al., 
1997; Caretta caretta: Godley et al., 2001), for which the 
risk of predation is highest when the offspring leaves the 
nests (Ferreira-Júnior & Castro, 2010). Due to predation 
by S. geminata, our findings suggest that nesting sites 
covered by vegetation can also be at considerable risk for 
P. unifilis.

Solenopsis geminata exhibits polydomous nesting 
behaviour, enabling to increase its foraging area 
(Debout et al., 2007). It is possible that P. unifilis nests 
offer favourable conditions to S. geminata for colony 
establishment. In approximately 40% of the cases, part 
of the S. geminata colony invaded the nests soon after 
spawning, residing in nests until eggs hatch (Fig. 1E, F). 
Ants were regularly attracted to P. unifilis nests during 
the spawning process, feeding directly on cloacal mucus 
surrounding the eggs.

Microhabitat conditions of the turtle nest may also 
play an important role. Ants are in general thermophilic 
(Kaspari & Weiser, 2000), although behaviourally 

Fig. 1. A) Nesting  area of the Podocnemis unifilis in the Piagaçu Purus Sustainable Development Reserve. B) Nest in 
clayed soil. C, D) Nests of the P. unifilis preyed by Solenopsis geminata. E, F) Eggs and hatchlings in development killed 
by ants. Note the ants walking everywhere inside the nest. 
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dominant ants such as S. geminata, are more active at low 
temperatures, likely because higher temperatures cause 
a rapid chemical decay of pheromones (Van Oudenhove 
et al., 2012). Despite the lack of a relation between 
predated nests and the distance to the forest, all predated 
nests were found under vegetation, suggesting that ants 
could be selecting nests with more suitable microhabitat 
conditions. Once S. geminata occupy the nest, P. unifilis 
hatchlings become an easy prey for ants which can 
perforate eggs and eat them (Diffie et al., 2010).

The optimisation of conservation strategies with 
the aid of traditional communities increases the access 
to important information on the natural history of 
species (Erickson et al., 2015). However, despite the 
adaptability of P. unifilis to different environmental 
conditions (Pritchard & Trebbau, 1984), the advantages 
and disadvantages of spawning in different substrates is 
not yet well understood. The impact of S. geminata may 
increase a male bias of offspring, as most P. unifilis nests 
established under vegetation and subjected to lower 
temperatures during incubation are preyed upon. As 
estimates of hatching success are essential to population 
studies, understanding the ecological compensation by P. 
unifilis through spawning in different substrates is crucial 
to the management and conservation of the species. 

Acknowledgements:
he authors are grateful to the residents of the Caua and 
Itapuru communities, who assisted in the fieldwork, the 
Piagaçu Institute and Mamirauá Institute for Sustainable 
Development for financial support and field logistics. 
We thank Robert Jehle and anonymous reviewer for 
comments on the original texts. The CEUC/SDS-AM 
authorised research in the PP-SDR. J. Erickson is MCTI 
research grant holder.

REFERENCES

Allen, C.R., Epperson, D.M. & Garmestani, A.S. (2004). Red 
imported fire ant impacts on wildlife: a decade of research. 

American Midland Naturalist 152, 88–103.
Boarman, W.I. (1997). Predation on turtles and tortoises 

by a “subsidised predator”. Proceedings: Conservation, 
Restoration, and Management of Tortoises and Turtles – An 
International Conference, 103–104.

Broderick, A.C., Godley, B.J., Reece, S. & Downie, J.R. (2000). 
Incubation periods and sex ratios of green turtles: 
highly female biased hatchling production in the eastern 
Mediterranean. Marine Ecology Progress Series 202, 273–
281.

Debout, G. Schatz, B., Elias, M., Mckey, D. (2007). Polydomy 
in ants: what we know, what we think we know, and what 
remains to be done. Biological Journal of the Linnean Society 
90, 319–348.

Diffie, S. Miller, J. & Murray, K. (2010). Laboratory observations of 
red imported fire ant (Hymenoptera: Formicidae) predation 
on reptilian and avian eggs. Journal of Herpetology 44, 294–
296.

Erickson, J. & Kaefer, I.L. (2015). Multiple leucism in a nest of 
the yellow-spotted Amazon River turtle, Podocnemis unifilis. 
Salamandra 51, 273–276.

Erickson, J., Oliveira, D.P., Marioni, B. & Farias, I.P. (2015). 
Analysis of the mating system of Podocnemis sextuberculata 
in the lower Purus River of the Brazilian Amazon: another 
record of multiple paternity in chelonians. Salamandra 51, 
215–220.

Escalona, T., & Fa, J.E. (1998). Survival of nests of the terecay 
turtle (Podocnemis unifilis) in the Nichare-Tawadu Rivers, 
Venezuela. Journal of Zoology 244, 303–312.

Ferreira-Júnior, P.D. & Castro, P.T.A. (2006). Thermal environment 
characteristics of Podocnemis expansa and Podocnemis 
unifilis nesting areas on the Javaés River, Tocantins, Brazil. 
Chelonian Conservation and Biology 5, 102–107.

Ferreira-Júnior, P.D. & Castro, P.T.A. (2010).  Nesting ecology of 
Podocnemis expansa (Schweigger, 1812) and Podocnemis 
unifilis (Troschel, 1848) (Testudines, Podocnemididae) in the 
Javaés river, Brazil. Brazilian Journal of Biology 70, 85–94.

Fittkau, E.J. & Klinge, H. (1973). On biomass and trophic 
structure of the central Amazonian rain forest ecosystem. 
Biotropica 5, 2–14.

Fig. 2. Podocnemis unifilis nests predated (1) or not predated (0) by the fire ant Solenopsis geminata as a function of 
(A) distance to water and (B) distance to the forest in the Piagaçu Purus Sustainable Development Reserve. n=492 nests 
in each figure. 



186

J .  Er ickson & F.  Baccaro

Frick, M.G. (2003). El cangrejo de arena (Arenaeus cribrarius): 
depredador y presa de las tortugas marinas. Noticiero de 
Tortugas Marinas 99, 16–18.

Godley, B.J., Broderick, A.C. & Mrosovsky, N. (2001). Estimating 
hatchling sex ratios of loggerhead turtles in Cyprus from 
incubation durations. Marine Ecology Progress Series 210, 
195–201.

Janzen, F.J. (1994). Vegetational cover predicts the sex ratio of 
hatchling turtles in natural nests. Ecology 75, 1593–1599.

Kaspari, M. & Vargo, E.L. (1995). Colony size as a buffer against 
seasonality: Bergmann’s rule in social insects. American 
Naturalist 145, 610–632.

Kaspari, M., & Weiser, M.D. (2000). Ant activity along moisture 
gradients in a Neotropical forest. Biotropica 32, 703–711.

Kemenes, A. & Pezzuti, J.C.B. (2007). Estimate of trade traffic of 
Podocmemis (Testudines, Podocnemididae) from the middle 
Purus river, Amazonas, Brazil. Chelonian Conservation and 
Biology 6, 259–262.

Longo, G.O., Pazeto, F.D., Abreu, J.A.G. & Floeter, S.R. (2009). 
Flags reduce sea turtle nest predation by foxes in NE Brazil. 
Marine Turtle Newsletter 125, 1–3.

Moloney, S. & Vanderwoude, C. (2002). Red imported fire 
ants: a threat to eastern Australia’s wildlife? Ecological 
Management and Restoration 3, 167–175.

Mrosovsky, N., Baptistotte, C. & Godfrey, M.H. (1999). Validation 
of incubation duration as an index of the sex ratio of hatchling 
sea turtles. Canadian Journal of Zoology 77, 831–835.

Ohba, S. (2011). Field observation of predation on a turtle by a 
giant water bug. Entomological Science 14, 364–365.

Ortiz, R.M., Plotkin, P.T. & Owens, D.W. (1997). Predation 
upon olive ridley sea turtles (Lepidochelys olivacea) by the 
American crocodile (Crocodylus acutus) at Playa Nancite, 
Costa Rica. Chelonian Conservation and Biology 2, 585–587.

Packard, G.C., Packard, M.J., Miller, K. & Boardman, T.J. (1987). 
Influence of moisture, temperature, and substrate on 
snapping turtle eggs and embryos. Ecology 68, 983–993.

Pignati, M.T., Fernandes, L.F., Miorando, P.S., Ferreira, P.D. & 
Pezzutti, J.C.B. (2013a). Effects of the nesting environment 
on embryonic development, sex ratio, and hatching success 

in Podocnemis unifilis (Testudines: Podocnemididae) in 
an area of várzea floodplain on the lower Amazon river in 
Brazil. Copeia 2, 303–311.

Pignati, M.T., Fernandes, L.F., Miorando, P.S., Ferreira, P.D. & 
Pezzutti, J.C.B. (2013b). Nesting site and hatching success 
of Podocnemis unifilis (Testudines: Podocnemididae) in a 
floodplain area in lower Amazon river, Pará, Brazil. South 
American Journal of Herpetology 8, 175–185.

Pritchard, P.C.H., & Trebbau, P. (1984). The Turtles of Venezuela. 
Society for the Study of Amphibians and Reptiles, Oxford, 
Ohio.

Rueda-Almonacid, J.V., Carr, J.L., Mittermeier, R.A., Rodríguez-
Mahecha, J.V., et al. (2007). Las tortugas y los cocodrilianos 
de los países andinos del trópico. Editorial Panamericana, 
Bogotá.

Souza, R.R.D. & Vogt, R.C. (1994). Incubation temperature 
influences sex and hatchling size in the neotropical turtle 
Podocnemis unifilis. Journal of Herpetology 28, 453–464.

Spencer, J.R. (2002). Experimentally testing nest site selection: 
fitness trade-offs and predation risk in turtles. Ecology 83, 
2136–2144.

Van Oudenhove, L., Boulay, R., Lenoir, A., Bernstein, C. & Cerdá, 
X. (2012). Substrate temperature constrains recruitment 
and trail following behaviour in ants. Journal of Chemical 
Ecology 38, 802–809.

Waldez, F., Gama e Adário, L., Marioni, B., Rossoni, F., & Erickson, 
J. (2013). Monitoramento participativo da caça de quelônios 
(Podocnemididae) por comunitários ribeirinhos no baixo rio 
Purus e proteção de sítios de desova na RDS Piagaçu-Purus 
Brasil. Revista Colombiana de Ciencia Animal 5, 4–23.

Weisrock, D.W. & Janzen, F.J. (2000). Thermal and fitness-related 
consequences of nest location in painted turtles (Chrysemys 
picta). Functional Ecology 13, 94–101.

Wilson, E.O. & Hölldobler, B. (2005). The rise of the ants: A 
phylogenetic and ecological explanation. PNAS 102, 7411–
7414.

Accepted: 1 August 2015


