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Abstract 
 

According to the International Union for Conservation of Nature (IUCN), invasive species are one of the 

most important causes of biodiversity decline at a global scale. The impact of introduced species on local 

ecosystems is thus important to evaluate. The pet voluntary introductions are made by private people and 

concern only one or two individuals per occasion. However, the number of release occasions is as 

numerous as the number of pet owners that don't want to keep their pet anymore and that decide to 

"release" it.  

New-born red-eared slider turtles (Trachemys scripta elegans) have been massively exported from the 

United States to European (until 1997) and Asian countries to be sold as pet. Many owners, ignoring the 

potential consequences of their act, released their growing turtle in natural freshwater ecosystems. Feral 

adult turtles have been detected all over in France. 

In this paper, we provide information on the impact on red-eared slider turtles on French freshwater 

ecosystems. 1) Analysis of turtle's diet by dissecting digestive system showed tha t feral adult turtles are 

omnivorous, as observed in their natural home range. 2) The comparison of macro- invertebrate 

communities in ponds where turtles were present and in pond without turtles revealed a negative 

relationship between the presence of turtles and the abundance of some taxonomic groups of invertebrates. 

This correlation asks questions about potential causal relationship, which we started to answer by building 

an experimental design. 



Introduction 

According to the International Union for Conservation of Nature (IUCN), invasive species are one of the 

most important causes of biodiversity decline at a global scale (Vitousek et al. 1997). Invasive species may 

have been introduced accidentally or intentionally (Courchamp et al. 2003). In the later case, the reasons 

precluding to introductions are very diverse, including agriculture, biological control or hunting and fishing 

activities (Mack et al. 2000). The pet voluntary introduction differs from the others groups regarding the 

causes of release. Indeed, releases are made by private people and concern only one or two individuals per 

occasion. However, the number of release occasions is as numerous as the number of pet owners that don't 

want to keep their pet anymore and that decide to "release" it. 

Most introductions do not result in invasion (Davis & Thompson 2000). According to the IUCN, an 

introduced species must combine two characteristics to become an invasive species: its colonisation 

capabilities must be high and it must cause economic or ecological damages. In this context, the impact of 

introduced species on local ecosystems is important to evaluate. The impact of an introduced species may 

be direct (e.g., resulting from predation) or indirect, resulting from a habitat disturbance or a change in 

inter-specific competitive interactions (Courchamp et al. 1999). 

New-born red-eared slider turtles (Trachemys scripta elegans) have been massively exported from the 

United States to European and Asian countries to be sold as pet. These juvenile turtles, when kept in good 

conditions, have grown and led to more inconvenience that pleasure for naive owner. Therefore, many 

owners, ignoring the potential consequences of the ir act, released their turtle in natural freshwater 

ecosystems. Although importation of the red-eared slider turtle is forbidden in European Union since 1997, 

many sliders are still kept as pets, and feral adult turtles have been detected all over in France (Arvy & 

Servan 1998).  

In France, in order to deter general public from releasing turtles in the field, a lot of information has been 

spread out concerning potential damages of this species on native ecosystems. Therefore, for many 

protected areas managers, slider turtles are supposed to be ferocious carnivorous, that could attack even 



small young ducks. However, there is no information about slider diet as an introduced species. In its 

natural home range, young sliders tend to be carnivorous, but adults switch to omnivorous, even vegetarian, 

diet when growing (McCauley & Bjorndal 1999).  

In this paper, we provide information on the impact on red-eared slider turtles on French freshwater 

ecosystems. First, we analysed the diet of adult turtles by dissecting digestive systems. We wanted 1) to 

know what kind of food slider turtles could eat in France, en 2) to test whether the diet composition 

changes with turtle age. Secondly, we compared macro- invertebrate communities of ponds submitted or not 

to the presence of slider turtles, after having taken account of differences in vegetation. These studies are 

part of a more general project concerning invasion potentialities of slider turtles in France. 

 

Material and Methods 

 Slider turtles' diet 

 Turtles and their stomach content 

During summer 2003, 47 slider turtles present in two ponds within Sausset and La Courneuve parks of 

Seine-Saint-Denis, north-east of Paris (fig 1), have been trapped, weighted and measured by the private 

company Espace Faune Flore (EFF) under the supervision of the Seine-Saint-Denis General Council. The 

measures included the maximal length and width of the carapace and plastron. Strait- line measurements 

were used. Turtles were then frozen and dissected. The presence of mature ovocytes was noted when 

observed for females. The digestive apparatus of 25 of these turtles were extracted. All food fragments that 

were not completely digested were identified visually or under a binocular scope. 

 Statistical analyses 

Sizes and weights have been compared using ANOVA with sex and pond origin as factor followed by 

Fisher Least Significant Difference test. Among females, the presence or absence of mature ovocytes has 

been tested by a logistic regression with size or weight as factors. The probability of presence of each group 

of food was tested by logistic regression depending on sex, pond origin and carapace length.  



 

 Macro-invertebrate communities 

 Study area 

We compared the macro- invertebrate communities of 10 natural ponds located in the Fontainebleau forest, 

south-east of Paris (fig 1). All these ponds were located on the same sandstone substratum. According to 

personal observations and forest guards' information, 5 ponds were free of turtles, and 5 ponds were 

submitted to turtle presence. 

 Macro-invertebrate sampling design 

We sampled macro-invertebrate community by using two methods: 

(i) "can method": we used a bottomless cylindrical trap (diameter: 40 cm, height 80 cm) to delimitate a 

standard volume in the pond. When the trap was correctly settled, we collected all the vegetation that 

remained inside the trap and all the fauna with a small fish net. We then conserved the sample in bottles 

with 10% diluted formaldehyde solution. The sample was then sorted in the lab, under extractor hood, with 

the help of microscope. 

We made 3 or 4 samples of this kind per pond, during a short time-interval. 

(ii) "fish net method": we used a fish net (diameter 50 cm) to collect fauna from the border of the pond. The 

net was used in a standardized way 2 or 3 times per pond. The collected invertebrates were sorted in the 

field, and conserved in a 10% formaldehyde solution.  

Sorted individuals sampled with the two methods were roughly identified at a high taxonomic level.  

 

 Vegetation sampling and physic-chemical measures 

We sampled vegetation as a factor explaining potential differences in macro- invertebrate community 

structure, controlling potential turtle effect. The vegetation present in the pond and on the border was 

identified. All the present species were then classified following Bournérias et al. (2001). 

The pH of each pond was measured as the mean of 4 measures homogeneously distributed within the pond. 

 



 Statistical analyses  

(i) We summarized all the variables concerning vegetation into two, representing each pond, by using 

multivariate Principal Component Analysis. The variable we used was the coordinate of each pond on the 

two first axes of this analysis. 

(ii) We compared the taxonomic composition of ponds with and without turtles by using nested multiple 

analyses of variance (MANOVA) on both sample types. We used pond coordinates on the first axes of the 

vegetation PCA analysis, pond pH and turtle presence as cofactors. This analysis allows one to test a 

general effect of turtle presence on taxonomic composition, in addition to a specific effect on each taxa.  

All analyses were made with R-software (R Development Core Team 2004).  

 

Results  

 Biometry of captured turtles 

Nine-teen turtles (3 males and 16 females) originated from Sausset pond and 28 (4 males and 24 females) 

from nearby La Courneuve pond were captured. The population sex ratio was significantly different from 

0.5 (χ2=23.1, 1 DF, p<0.0001) and strongly biased toward females (male frequency=0.15). 

Size of carapace, of plastron and weight were not significantly different between sexes and between ponds 

(ANOVAs with two nominal factors and their interaction, P>0.1 for all tests). 

However, females with ovocytes were significantly larger and heavier than females without (Caparace 

size: 21.12F1,16 = , P<0.004; Weight: 10.11F1,16 = , P<0.003).  

 

 Turtle diet 

 Food fragments present in digestive systems 

The digestive systems of 22 individuals from the 25 analyzed were not empty. We found vegetal material in 

all individuals but one (seed, leaf or limb remains, Table 1). These fragments belonged to aquatic species 

from families Juncaceae, Cyperaceae or Poaceae. 



We found insects or insect cuticle in 15 individuals. In 4 turtles, we found many terrestrial ants. Crustacean 

remains were observed in 8 individuals. Fish remains (scales, branchiae, jaws, fishbones) were observed in 

11 turtles. Fish belong to two groups distinguishable based on scale morphology: Order Percomorphi (fig 

2A) and Family Cyprinidae (fig 2B).  

We also found other material in 8 digestive tracti (plastic, stone, paper and small feather). 

 

 Occurrence probability of food depending on turtle size 

Since vegetal material was present in all turtles but one, it was not informative. 

The occurrence probability of fish did not depend on the turtle size (P = 0.93, NS), on sex (P = 0.43, NS), 

nor pond (P = 0.74, NS).  

However, we found a significant relationship between occurrence probability of invertebrates and turtle size 

(P = 0.02, Figure 3). The sex and pond effects were not significant (P = 0.32 and P = 0.39 respectively). 

The occurrence probability of invertebrates was lower for larger turtles. 

 

 Macro-invertebrate communities and turtles 

 Pond classification according to vegetation  

Pond vegetation (aquatic and from the borders) was classified in 9 functional categories. The two first axes 

of the Principal Component Analysis explained 62% of the total pond variability of these 9 variables.  

 

 Taxonomic composition of communities 

(i) "can method": taxonomic composition of macro- invertebrate communities was significantly different in 

ponds with turtles and in ponds without turtles (P = 0.02). This taxonomic composition was also 

significantly dependent of vegetation (axe 1, P = 0.03; axe 2, P = 0.008) and interaction pH-presence of 

turtles (P = 2.10-4). Taxonomic groups that respond the most to the presence of turtles were gastropods 

(P = 0.002): we collected some in 3 of 5 ponds without turtles, but none in ponds with turtles. 

 



(ii) "fish net method": as with the "can method", we found a significant effect of turtle presence on the 

taxonomic composition of macro- invertebrate communities, at a general level (P = 0.03). This taxonomic 

composition was also significantly dependent of pH (P = 0.01). Taxonomic groups that respond the most to 

the presence of turtles were insects (Ephemeroptera, P = 0.03; Heteroptera, P = 0.005; Coleoptera, 

P = 0.004) and gastropods (P = 0.04, Figure 4). 

 

Discussion 

 

Slider turtles are present in a lot of ponds around Paris but generally at low density. Such a situation makes 

the analysis of its impact on ecosystems challenging. We took advantage of a capture operation decided by 

Seine-Saint-Denis General Council on two ponds located in highly frequented parks to take some 

measurements of individuals and analyze their stomach content.  

First we found a strong bias toward females. This bias probably reflects a potential strong female bias of 

imported juveniles. Moreover, adult females are generally larger and heavier than adult males (Dunham & 

Gibbons 1990), leading potentially to more frequent releases in nature by owners. The absence of 

significant difference between size and weight of both sexes in this study could reflect younger females 

than males, but also the lack of power of the test (only 7 available males). The larger females possess 

ovocytes in various developmental stages indicating than reproduction could be possible around Paris. Until 

now, the most northern latitude where successful reproduction was demonstrated and published for this 

species is at Montélimard, South of France (44°N, Cadi et al. 2004). In Paris region, fertilized eggs have 

been detected in soil, but no emergence of young has ever been observed. 

We found a rather large spectrum of food item in stomachs, suggesting that slider turtle is an omnivorous 

species (Table 1). This result confirms diet information on Slider turtles in their natural habitat (Parmenter 

& Avery 1990). In particular, feeding on insects could increase digestive efficiency of plants, as shown in a 

related species Trachemys scripta scripta (Bjorndal 1991). Several particularities need to be discussed 

further. 



First, we found a significant negative size effect of turtles on the presence of invertebrates in stomach. As 

growth is a permanent process in turtles (Dunham & Gibbons 1990) and as all individuals but one show the 

presence of vegetal, this finding could indicate a shift toward more vegetarian diet with age. It could result 

from the greater demand for amino acids for faster-growing juvenile turtles than for slower-growing adults 

(Wood & Wood 1977). The change with age toward a vegetation dominated diet has already been observed 

for Sliders in their native habitat (Clark & Gibbons 1969). Alternatively, such a shift could be due to non-

random distribution of prey compared to localisation of turtles in the pond (Hart 1983).  

The second particularity of the diet of Sliders from North of Paris lies in the size of fish scales in their 

stomach. Some scales showed a diameter of up to 12 mm, indicating a 20 cm fish (Dr J.-Y. Sire, pers. 

comm.). We think it is unlikely than a slider turtle is rapid enough to catch a 20 cm fish. It seems more 

plausible than large fishes were found dead and than slider turtle acts as a necrophagous species, as other 

species of freshwater turtles (e.g. Spencer et al. 1998).  

Four individuals have ingested terrestrial ants, and one stomach was full of them. Although terrestrial 

activity is known for this species (Bennett et al. 1970; Gibbons 1970), only one report is available for 

terrestrial foraging, on vegetation (Cagle 1944). The terrestrial activity of Slider turtles is a key component 

for the colonization of new habitat (Parker 1990). The observation that 16% of the captured Slider show 

food items from terrestrial origin calls further studies to evaluate the terrestrial home range of this species 

in the context of invasion. 

 

The second study provided information about the possible impact of turtles on freshwater macro-

invertebrate communities. The two sampling methods allowed us to collect different parts of the 

communities. Indeed, with the cylindrical trap, we were able to detect very small individuals, since 

collected samples were sorted under binocular scope. However, it takes time to install the trap in the pond, 

allowing large and mobile individuals escaping from the trap before it is properly installed. At the opposite, 

fish net allows rapid sampling and collection of large individuals. However, as samples were sorted on the 



field, small individuals were missed. Despite these differences, both sampling methods led to similar 

results: the presence of some taxa is negatively correlated with turtle occurrence in the pond.  

Introduced species may impact ecosystems by many ways. Their impact can be direct (from predation or 

grazing) or indirect (mesopredator effect, competitive release, Courchamp et al. 2003). They can also affect 

native ecosystem by modifying the habitat of local species. In this case, it's not possible to select between 

all these possibilities without complementary analyses. 

The correlation that we found between turtle presence and macro- invertebrate community composition 

suggests an effect of turtles on invertebrate communities. However, some ponds where turtles were 

observed are located nearby walking trails, and are very regularly visited by people. This correlation 

probably results from the fact that turtles have been introduced by people visiting the forest. The "public 

level" could have been a covariate factor to take into account for the analysis. Another factor that we 

haven't controlled for is the presence of goldfishes in many ponds (probably released by private owners, as 

turtles). Unfortunately, quantitative measure on public frequentation or goldfish presence is not available. 

The fact that presence of turtles was not at random in our study ponds does not guarantee any direct causal 

relationship between turtle presence and biodiversity decrease in the ponds. The only way to test for a 

causal relationship is to build an experimental design to answer questions suggested from field studies. This 

is the aim of future studies in our research team. 

More generally, the impact of introduced species on native communities depends on many factors, one of 

which being their maturity and the number of vacant niches (Shea & Chesson 2002). Taking all these 

effects into account is challenging for all studies about invasions and community resilience. 
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Table 1: Items found in stomach of Slider turtles captured in Seine-Saint-Denis department (North of Paris). Crosses indicate presence of item. 

(Sex: M=Male, F=Female – Origin: L.C. = "La Courneuve", S = "Sausset" – Fiches: C = Cyprinidae, P = Percomorphidae –  

Other: P = Plastic, S = Stone, Pa = Paper, F = Feather) 

   Plants Invertebra Fishes Other 

Sex Origin 
Carapace 

length (mm) 
Unknown Juncaceae Cyperaceae Poaceae Insects Crustaceans   

F L.C. 111.0 X       X   C?   

F L.C. 133.8 X X X     X C P, S, Pa, F 

F L.C. 138.2 X       X       

F L.C. 141.4         X X     

F L.C. 143.8 X   X     X     

F L.C. 148.8 X       X X     

F L.C. 160.3 X       X     S 

F L.C. 162.3 X       X     P 

F L.C. 162.3 X           Fishbone   

F L.C. 172.8 X           C   

F L.C. 174.0 X       X   C P, S, F 

F L.C. 190.3 X               

F L.C. 192.6                 



Table 1 (continued) 
 

   Plants Invertebra Fishes Other 

Sex Origin 
Carapace 

length (mm) 
Unknown Juncaceae Cyperaceae Poaceae Insects Crustaceans   

F L.C. 203.2 X           P, C P 

F S. 127.3 X       X X P, C P, Pa 

F S. 161.3                 

F S. 196.0                 

F S. 210.8 X     X     C   

M L.C. 147.2 X       X      

M L.C. 162.3 X       X       

M L.C. 179.1 X       X   C   

M L.C. 200.5 X               

M S. 164.4 X X X   X X P, C S 

M S. 169.9 X   X   X     P 

M S. 195.0 X       X       

 



Figures 

Figure 1: Localisation of La Courneuve departmental park and Fontainebleau forest. 

Figure 2: Two scales of fish  

Figure 3: Occurrence probability of invertebrates as a function of turtle size. 

Figure 4: Abundance of some taxonomic groups according to turtle presence in the pond. Ponds A-E are 

without turtles, ponds 1-5 are with turtles.  
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