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Amphibian populations are in decline and at risk 
worldwide (Wake & Koo, 2018), and one of the leading 

causes is the presence of environmental contaminants in 
aquatic systems (Stuart et al., 2004). Contaminant runoff 
affects the different stages of development in amphibian 
species that inhabit permanent systems, particularly in 
waterbodies where the accumulation of pollutants is much 
greater compared to smaller waterbodies (Barrett et al., 
1995; Hu et al., 2020).Tadpoles are particularly vulnerable 
to contaminants during the early stages of development 
since they start their life cycle as aquatic organisms (Cooke, 
1981; Rosenshield et al., 1999). Contaminants such as 
metals, microplastics, agrochemicals and radioactive 
have been shown to negatively impact the morphology, 
physiology, and behaviour of amphibians that begin their 
life cycles in aquatic systems (Mann et al., 2009; Ouellet et 
al., 1997). Tadpoles are very susceptible to contaminants 
due to their permeable skin, however, some tadpoles are 

more vulnerable than others. This depends on the dose 
of the contaminant to which they are exposed and the 
organism's absorption, elimination, and biotransformation 
(Lotufo et al., 2015). In addition, it also depends on the 
octanol-water partition coefficient (Mackay et al., 2013). 
Therefore, some tadpoles that inhabit contaminated 
areas can experience harmful effects only if they are in 
constant exposure, preventing the concentrations of the 
contaminant in the tissue from persisting at levels that 
could cause a detrimental biological effect (Lotufo et al., 
2015).

Environmental contaminants can directly affect 
external morphological structures, leading to locomotion 
problems (Araújo & Malafaia, 2020), bent tails (Pérez-
Iglesias et al., 2015; Sunderman et al., 1991; Montalvão et 
al., 2018), malformation of the mouthparts (keratodons) 
and changes in skin colouration (Schuytema & Nebeker, 
1998; Egea-Serrano et al., 2012). In addition, contaminants 
affect internal morphological structures, leading to 
edemas (swelling of the body with liquid) (Wells et al., 
2005; Liendro et al., 2015), intestinal malrotation and 
reddish colouration of the visceral (Severtsova & Aguillón-
Gutiérrez, 2013; Lefcort et al., 1998; Snodgrass et al., 
2005; Gutiérrez & Bautista, 2015; Peltzer et al., 2013; 
Christopher et al., 1996). These anomalies could affect 
ecological aspects such as patterns of relative abundance, 
dominance, and richness, among others (Bridges & 
Semlitsch, 2000; Ficken & Byrne, 2013) and physiological 
mechanisms such as metabolic responses and alterations 
during metamorphosis (Wells et al., 2005; Severtsova & 
Aguillón-Gutiérrez, 2013).

Mexico ranks fifth in amphibians worldwide, and 
approximately 69.5 % of the species are considered 
threatened. Contamination affects a relatively high 
number of Mexican amphibians threatened by toxic 
chemicals (Frías-Alvarez et al., 2010). The malformations in 
tadpoles have generated scientific interest, with increased 
detection of malformations within the last decades 
(Araújo & Malafaia, 2020; Wells et al., 2005; Peltzer et al., 
2013). However, in the state of Tlaxcala, Mexico, there has 
yet been no report of contamination and abnormalities 
in tadpoles that inhabit aquatic systems. In this study, 
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The contamination of aquatic systems by anthropogenic 
activities may impact amphibian populations by causing 
malformation and death in tadpoles. However, there often 
needs to be more information regarding environmental 
pollutants' effects on amphibians, such as contaminated 
systems from the state of Tlaxcala in Mexico. This study 
reports on morphological abnormalities observed in 
Lithobates spectabilis tadpoles found in a stream of three 
sites monitored in Tlaxcala. The tadpoles presented swollen 
heads, edema, intestinal hemorrhage, anomalies in the 
mouth, a deviated tail, and underdeveloped tail fins. We 
hypothesise that these abnormalities have been caused 
by exposure to contamination from nearby communities, 
including garbage and sewage pumped directly into the 
stream. This research provides the first report on the 
potential adverse effects of contaminant exposure on 
tadpole development and morphology in this region. 
Identifying malformations in tadpoles could help detect 
contaminants in aquatic systems for further analysis.
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we report on morphological abnormalities in tadpoles 
of Rana manchada (Lithobates spectabilis) located in a 
contaminated stream.

Lithobates spectabilis tadpoles were captured during 
amphibian monitoring from 1 May 2021 to 30 April 
2022, at five sites located in three communities (i.e. 
human settlements): one site in La Trinidad Tenexyecac 
(hereinafter LTT; 19° 21'8.37" N, 98° 18'30.79" W), two sites 
in San Ambrosio Texantla (hereinafter SAT; 19° 21'16.343" 
N, 98° 15'5.348" W) and two sites in San Tadeo Huiloapan 
(hereinafter STH; 19° 23'46.131" N, 98° 15'42.101" W). The 
capture sites are found in the municipalities of Ixtacuixtla 
and Panotla, in the state of Tlaxcala, Mexico (Fig. 1). The 
capture sites are located at a distance from the downtown 
of Tlaxcala of ~7.6 km for LTT, ~4.6 km for SAT and ~8.01 
km for STH. This distance between the capture sites and 
the downtown of Tlaxcala was measured linearly using the 
Qgis software (Quantum GIS Development Equipment). 
The vegetation is composed of Quercus spp.

The tadpoles were captured using a fishing net in 
the stream, and with the permission of the wildlife 
department (SEMARNAT SGPA/DGVS/03662). A group 
of biologists from the Universidad Autónoma de Tlaxcala 
determined the identity of the species. In addition, the 
species was determined by utilising the identification 
guide for L. spectabilis. The tadpoles of L. spectabilis are 
of the stream type; it has a long and muscular tail with low 
fins. In addition, tadpoles of this species grow to be quite 
large, and individuals with a total length of over 100 mm 
are common (Hillis & Frost, 1985).  

Once captured, the tadpoles were immediately 
transported to the laboratory in two tanks (51 x 29.5 x 26 
cm) with water from their respective sites. We obtained 
the tadpole's body mass (Mb) using a digital balance with 
a precision of 0.1 g (Ohaus, Newark, New Jersey, U.S.A.), 
and snout-vent length (SVL) using a caliper to the nearest 
0.1 mm (Truper, CALDI-6MP; 14388). Morphological 
characteristics were determined with a binocular 
stereoscope (Mitoc®, 1272ZH), according to criteria 
reported by Gutiérrez & Bautista (2015). Photographs 
were taken with a Canon-DS126491 camera. 

We captured 100 tadpoles of species L. spectabilis (LTT 
n = 30; SAT n = 40; STH n = 30). We observed that three 
tadpoles presented morphological abnormalities at one 
site in particular (SAT), which is a stream contaminated by 
anthropogenic activities (Fig. 2A & B). During surveys, we 
observed abundant evidence of contamination of streams 
at SAT, primarily solid waste material (polystyrene, 
aluminium, plastics, glass, detergents, oils) resulting from 
various anthropogenic activities. In addition, people visit 
the stream to generate garbage (Fig. 2A), and wash their 
cars in the stream (Fig. 2B).

We found tadpoles without abnormalities (Fig. 2C), 
and the tadpoles with abnormalities had a caudal fin 
that was not well-formed and lacked melanophores (Fig. 
2D). Additionally, the abnormal tadpoles had small tails 
that were thin, curved, and slightly bent (Fig. 2E). The 
tadpoles had a swollen head (edema in the body with a 
transparent liquid), deformation of labial papillae (Fig. 2F) 
and intestinal bleeding (Fig. 2G). 

Although we did not obtain enough data from the 
tadpoles with abnormalities to carry out a statistical 
test, we observed that the Mb of these was substantially 
greater (0.29 ± 0.1 g) when compared to tadpoles without 
abnormalities (0.19 ± 0.06 g). Furthermore, snout-vent 
length (SVL) of tadpoles with abnormalities was lower (17.7 

Figure 1. Capture sites located in three locations in the state 
of Tlaxcala, México. The pink and blue dots correspond to 
the capture sites in STH, the green and yellow dots in SAT, 
and the purple in the LTT. In addition, downtown Tlaxcala 
is marked with a black dot.

Figure 2. Morphological anomalies in Lithobates spectabilis 
tadpoles located in the contaminated stream SAT, Tlaxcala, 
Mexico. (A) Contamination mainly by garbage and (B) car 
washing in the stream. (C) Tadpole without abnormalities 
with normal head (arrowhead), long tail (black arrow) and 
caudal fin with melanophores (red arrow). (D) Tadpoles 
with morphological abnormalities folded fin and without 
melanophores (red arrow). (E) In addition, they had small 
tails that were thin, curved, and slightly crooked (arrow), 
(F) edema, deformation of labial papillae (arrowhead), and 
(G) intestinal bleeding (arrowhead).
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ecosystems of Tlaxcala, since there currently needs to 
be more information on water quality. For this reason, 
it is critical to carry out more ecotoxicological research 
and provide adequate solutions to avoid contamination 
and possible threat status of aquatic species at this site. 
Monitoring tadpoles with morphological anomalies can 
be a vital strategy for identifying potentially contaminated 
sites in Tlaxcala, México. 
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