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Abstract  

Pesticides are the best examples of risky compounds because they spread all over the environment. The experiments 

were performed to determine the effect of the Stomp 330EC herbicide at concentrations of 0.5 x 10
3
, 1 x 10

3
, 2 x 10

3
 and 

respectively 4 x10 
3
 ml of herbicide/l of water on Pelophylax ridibundus tadpoles and adults. The herbicide produces 

delay and reduction of hatching (at the concentration of 0.004 ml/l), slowing of growth in volume and length as well as 

decreased oxygen consumption and survival of the tadpoles. The frequency of buco-pharingeal movements in adults of 

marsh frog is influenced by the Stomp® 330 EC herbicide at a concentration of 0.002 and 0.004 ml/l of water. After 14 

days of exposure to the herbicide, the average number of erythrocytes increases, the average number of leukocytes 

decreases and the level of glucose changes. 

 

Keywords: erythrocytes, glycaemia, lenght, volume, marsh frog, tadpoles, oxygen consumption, Stomp 330 EC. 

 
 

 

 

1. INTRODUCTION  
Amphibians are good bioindicators of environmental quality, being affected both by changes in the 

aquatic ecosystem but also by those occurring at terrestrial ecosystems (Chovanec and Grillitsch, 

1994). According to a study conducted by IUCN, 2010, amphibians represent the most endangered 

vertebrate group, with a 41% risk of extinction: 43% of amphibian species are declining, 32.5% are 

endangered globally, 34 species disappeared, and another 88 species are in danger of extinction. 
The marsh frog - Pelophylax ridibundus (Pallas, 1771) is the largest species of frogs in Europe, 

being the most widespread of the anuras in Romania, representing 92% of the potentially edible; 

according to the Habitats Directive (92/43 / EEC), three species of frogs (Rana esculenta, R. 

ridibunda and R. temporaria) can be exploited economically but only on the basis of impact studies 

(Cogălniceanu, 2002).  

The contamination of the aquatic environment with different chemicals is associated, among other 

things, with the decline of numerous populations of non-target organisms (Davidson et al., 2002, 

IUCN, 2004, Suart et al., 2004, Davidson, 2004). Pesticides have attracted the attention of 

researchers as factors that have led to declining amphibians, acting alone or combined with other 

stress factors (Relyea and Mills, 2001; Relyea, 2004; Relyea, 2005;  Relyea et al., 2005;  Brühl et 

al., 2013; Wagner et al., 2014 ). The relatively low number of specialty studies on herbicide toxicity 

to amphibians may be due, at least in part, to the fact that the main components of these products 
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are not considered to be typically toxic to these animals, toxicity being due in many cases to 

adjuvants (Perkins et al., 2000; Williams and Semlitsch, 2009; Moore et al., 2012; Mullin et al., 

2016). 

Stomp herbicide
®
 330 EC (pendimethalin active substance) is highly toxic to aquatic organisms and 

may cause long-term adverse effects in the aquatic environment (EPA, 1987). Pendimethalin is a 

dinitroaniline herbicide used for the selective control of most annual grasses and many annual 

broad-leaved weeds in several crops (Tomlin, 1994; Engebretson et al., 2001). The pendimethalin 

compound is highly toxic to fish and aquatic invertebrates; the reported 96-hour LC50 for 

pendimethalin in bluegill sunfish is 199 ug/L, in rainbow trout is 138 ug/L, and in channel catfish is 

420 ug/L (EPA, 1987; Weed Science Society of America, 1994).  

The purpose of this paper is to complete the studies on the negative impact of the pendimethalin 

herbicide on the species Pelophylax ridibundus, both on mature specimens as well as on the 

hatching process and the tadpoles. In addition to aspects of hatching and growth of tadpoles, 

survival, a range of physiological parameters (oxygen consumption with tadpoles, the frequency of 

buco-pharyngeal movements in adults), hematological (number of erythrocytes and leukocytes) and 

biochemical (blood glucose and cholesterol). 

 

2. MATERIALS AND METHODS  
The experiments were conducted with a permission for animal testing from the of the local 

Committee of Bioethics according to the Romanian law 205/2004 art.7, 18, 22 and regulation 

number 143/400/2002 for care and use of animals for research purposes. Marsh frog adults and 

spawn were taken from Lacul Gării, Schitu Goleşti place, Argeş County. Sampling took place at the 

end of March 2016 in glass containers that were transported in isothermal packaging to avoid 

thermal and mechanical shocks. Adults were captured in April-May 2016; after capture, the animals 

were kept in clean aquaterrariums with water changed daily, to avoid the accumulation of toxins. 

Laboratory accommodation for adult frogs lasted 10 days. 

The concentrations used were determined after investigations of the relevant literature works and 

taking into account the herbicide concentrations that can be accidentally produced in water. Three 

experimental variants were installed. 

Variant I comprises 5 experimental lots (one control lot and 4 lots exposed to the herbicide at 

concentrations of 0.0005, 0.001, 0.002 and 0.004 ml/l respectively), corresponding to pendimethalin 

concentrations of 0.165, 0.33, 0.66 and 1.32 mg/ l respectively) made on spawn of P. ridibundus 

(30 eggs/ lot); the eggs were placed in aquariums with dechlorinated water, aerated with air pumps, 

at 18-20°C to hatching. For each of the five lots, the number of hatched tadpoles was recorded daily 

(these were subsequently removed and kept in dechlorinated tap water). The duration of the 

experiment was 9 days until the last tadpole appeared. Hatched larvae (tadpoles) were fed "ad 

libitum" during their evolution with boiled and minced salad. 

Variant II comprises the experiments performed on tadpoles, three weeks from hatching (under 

laboratory conditions, without herbicide exposure) consisting of 5 experimental lots of 20 tadpoles  

each (every lot has 2 sublot of 10 tadpoles in jars with the capacity of 800 ml); lots II.1-II.4 being 

exposed to the same herbicide concentrations as in the previous variant and II.5 lot being free of 

herbicide added. Within this experimental variant, the following determinations were made: 
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� the total volume and length of the body of the tadpoles; of the measurements currently used 

in experiments on tadpoles (Relyea, 2001) we determined the total length of the body (for a 

traumatization as small as possible); 

� oxygen consumption every 24, 48, 72, 96, 144 and 336 hours (according to the Winkler 

method, adapted after Picoş and Năstăsescu, 1988). 

Variant III includes the experiments performed on adults by Pelophylax ridibundus, with an average 

weight of 32 ± 1.75 g. It consists of five lots of 7 frogs each - the first four lots being exposed to the 

Stomp® 330 EC herbicide and a control lot with frogs kept in tap water. Within this variant, the 

frequency of buco-pharyngeal movements was determined in dynamics (at 24, 24, 48, 72, 96, 144 

and 366 hours). At the end of the experiment (after two weeks), the frogs were sacrificed (after a 

previous anesthesia with ether) to make the blood intakes (from the heart, according to the method 

described by Picoş and Năstăsescu, 1988) necessary so as to determine the number of erythrocytes 

and leukocytes (at the optical microscope with Thoma counting chambers), blood glucose and 

cholesterol levels (with the device Accutrend
®

GCT). 

All tests were semi-static, by "refreshing" the solution at 24 hours. For all experimental lots, 

survival was monitored daily, the dead specimens being periodically removed. Values are given as 

arithmetic means ± standard error of the mean (SEM). The data was statistically analyzed using 

multiple comparison tests (LSD - SPSS / PC program version 10.0 for Windows). 

 

3. RESULTS AND DISCUSSIONS  
The results obtained in the first experimental variant, in which we followed the percentage and time 

required to hatch the Pelophylax ridibundus in the case of exposure to different concentrations of 

Stomp
®
 330 EC are given in table 1. 

 
Table 1. The influence of Stomp herbicide

®
 330 EC in different concentrations  

on the percentage of hatching with Pelophylax ridibundus 

Percentage of hatching (days) Herbicide concentration 

 (ml/l water) 1 2 3 4 5 6 7 8 9 

W (lot de control)  0 0 6.66 33.33 59.94 86.58 86.58 86.58 86.58 

0.0005 0 0 3.33 36.63 59.94 83.25 83.25 86.58 86.58 

0.001 0 0 0 49.95 63.27 79.92 83.25 83.25 83.25 

0.002 0 0 6.66 33.33 49.95 63.27 73.26 73.26 83.25 

0.004 0 0 0 6.66 26.64 33.33 56.61 63.27 66.6 

 

A significant decrease in the percentage of hatching eggs occurred only at the concentration of 

0.004 ml herbicide/l water, concentration at which a hatching delay was observed. A decreased 
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hatching success was also observed for eggs of a European frog species (Rana arvalis) that were 

exposed to the insecticide α-cypermethrin (Greulich and Pflugmacher, 2003). 

Survival of tadpoles and adults Pelophylax ridibundus in the case of exposure to the Stomp 

herbicide
®
 330 EC is presented in table 2. 

 
Table 2 Survival of Pelophylax ridibundus tadpoles  and adults intoxicated with Stomp

®
 330 EC 

Percentage of survival  Experimental lots 

Start 

point 

24h 48h 72h 96h 168h 336h 

P. ridibundus 

tadpoles 

Control 

0.0005 ml/l 

0.001 ml/l 

0.002 ml/l 

0.004 ml/l 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

90 

100 

100 

100 

100 

80 

100 

100 

90 

90 

75 

100 

100 

90 

75 

60 

95 

95 

90 

70 

40 

P. ridibundus 

adults 

Control 

0.0005 ml/l 

0.001 ml/l 

0.002 ml/l 

0.004 ml/l 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

85.72 

100 

100 

100 

85.72 

85.72 

100 

100 

100 

85.72 

71.44 

100 

100 

100 

85.72 

71.44 

 

Comparing the survival curves of the tadpoles and adults shows a more pronounced toxicity of the 

herbicide stomp
®
 330 EC to tadpoles of Pelophylax ridibundus. In a study conducted on tadpoles of 

Lithobates clamitans regarding the toxic effects of several pesticides, including Prowl 400 EC 

(which has pendimethalin as active substance), Weir and Salice (2012) reported LC 50 96 hours of 

2.47 mg pendimethalin / l water; at a concentration of 2 mg pendimethalin / l water the authors 

recorded a mortality of 5% after 96 hours of exposure. In our experiences, a 30% mortality was 

observed after 96 hours of exposure to an equivalent of Stomp concentration in pendimethalin of 

1.32 mg/l. This difference suggests either a higher sensitivity of the mumps Pelophylax ridibundus 

to pendimethalin, or a different formulation of the two herbicides. 
Stomp herbicide

®
 330 EC in concentrations of 0.0005 and 0.001 ml/ l water, did not have 

significant effects on the growth in volume of Pelophylax ridibundus tadpoles during the two weeks 

of exposure (figure 1). However, there is a significant reduction in volume growth at concentrations 

of 0.002 and 0.004 ml/l of water. The effect is less visible at the end of the acute test when the 

reduction of this index is 7.32% compared to the control group at both the 0.002 herbicide 

concentration and at 0.004 ml/l water. After 7 days of contact with the pesticide, differences in the 

volume increase of the tadpoles between the last two tested concentrations are more obvious - the 

average volume on the tadpoles at the concentration of 0.002 ml herbicide/l water is 74.19% of the 

value determined in the group control, while double this concentration produced a decrease in 

volume increase to 61.29% compared to the control group. The results determined after 14 days of 

contact with the herbicide did not show significant changes compared to those determined at 7 days. 

After 7 days of herbicide intoxication at concentrations of 0.002 and 0.004 ml/l, there was a 16% 

growth in length compared to the control group but without any significant differences between 

these concentrations (figure 2). 

Inhibition of growth in length of tadpoles due to exposure to Stomp 330
®
 EC is maintained over the 

next 7 days of treatment, in which case the results are significantly different between both 
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concentrations and those observed at 7 days post exposure (total mean body length of the tadpoles 

being 25% lower compared to the control at concentration of 0.002 ml herbicide/l water and 

32.21% less than the control at the concentration of 0.004 ml herbicide/l water). 

 

 
Figure 1. The variations in the volume of thetadpoles exposed to Stomp 330 EC 

 in different concentrations and standard deviations 

 

 
Figure 2. Average body lenght of tadpoles and standard deviation  

after exposure on Stomp
®
 330 EC herbicide 

 

The results obtained, both in terms of volume and long growth in length, are in line with the data in 

specialty literature indicating a decrease in the body weight of animals exposed to sublethal doses 
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of pendimethalin (USEPA, 1997; El-Sharkawy et al., 2011). Lanctot et al. (2014) found that the 

length of the tadpoles decreased when exposed to glyphosate-based herbicide formulations. 

Dynamic variations in average oxygen consumption in tadpoles intoxicated with Stomp
®
 330 EC in 

different concentrations are shown in figure 3. 

 

 
Figure 3. Variations in oxygen consumption and standard deviation  

in Pelophylax ridibundus tadpoles intoxicated with Stomp
®
 330 EC 

 

The evolution of oxygen consumption in tadpoles follows broadly the same pattern as the above-

mentioned parameters except that the first two herbicide concentrations, 96 hours after exposure, 

significantly inhibited the oxygen consumption of the tadpoles (the values determined at the end of 

the experiment being 15.94 and 13.45% respectively lower than those recorded before the 

introduction of the tadpoles into toxic solutions). 

Reducing oxygen consumption as a result of exposure to the pendimethalin herbicide (commercial 

product Pendigan 330 EC) was also found by Păunescu et al. (2016) in the case of Leuciscus 

cephalus exposed to a concentration of 0.004 ml/l Pendigan for four weeks. USEPA, 1997 also 

reported as the effect of chronic and sub-chronic poisoning with pendimethalin in rats a decrease in 

tissue oxygen consumption. 

No significant changes in the frequency of buco-pharyngeal movements occurred at the first two 

concentrations of Stomp
®
 330 EC studied (0.005 and 0.001 ml/l water), although slight stimulation 

thereof occurs at the concentration of 0.0005 ml/l even in the first hours after exposure (figure 4). 

The first significant changes in respiratory rate occur even from the first 24 hours of exposure at 

0.002 and 0.004 herbicide/l water respectively (about 20% more than the mean values determined 

prior to exposure to toxic), increase which is maintained for 2-3 days (the highest increase was 

25.45% compared to the control, 48 hours after the introduction of frogs in the herbicide at the 

concentration of 0.004 ml/l water). 

Reduction of the respiratory rate as a result of exposure to the pendimethalin herbicide was also 

reported by Paunescu et al. (2016) at species Leuciscus cephalus exposed to a concentration of 
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0.004 ml/l Pendigan for four weeks, the authors also not having found a stimulating effect in a first 

phase. 

Table 3 shows the mean values of hematological and biochemical parameters investigated in 

Pelophylax ridibundus adults exposed for 14 days at different concentrations of Stomp® 330 EC. 

The mean values of erythrocytes and leukocytes determined within the control group fall within the 

variation range specified for Pelophylax ridibundus by Schemer, 1967, quoted from Ciudin, 2004. 

The average number of erythrocytes after 14 days of intoxication with the herbicide Stomp® 330 

EC shows significant changes only at concentrations of 0.002 and 0.004 ml/l water. The increase 

was 28.57% and 21.42%, respectively, compared to the control group at the two mentioned 

concentrations. Regarding the average number of leukocytes, the effect of the herbicide was the 

opposite, starting with the concentration of 0.001 ml of herbicide/l of water. The decreases in this 

index after 14 days of exposure of the frogs to herbicide were 7.31, 14.43 and 17.7% respectively 

compared to the control group at concentrations of 0.001, 0.002 and 0.004 ml/l of water.  

 

 
Figure 6. Average respiratory rhythm and standard deviation 

 in Pelophylax ridibundus adults poisoned with Stomp
®
 330 EC 
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Table 3 Hematological and biochemical parameters in Pelophylax ridibundus adults 

after two weeks of exposure to the Stomp® 330 EC herbicide 

 

Haematological parameters  Biochemical parametes 

(mg/dl blood) 

 

Experimental lots erythrocytes/ml 

blood 

leukocytes/ml 

blood 

glucose cholesterol 

Control lot 420.000 5.200 42 112 

0.0005 ml/l 428000 5.250 44 102 

0.001 ml/l 435000 4.820* 48 108 

0.002 ml/l 540.000* 4.450* 68* 110 

 

Lots treated with 

Stomp® 330 EC 

0.004 ml/l 510.000* 4.280* 84* 122 

* significant for the variation threshold p <0.05 compared to the control group 

The increase in the number of erythrocytes and the leucocyte decrease were also noted by Paunescu 

et al., 2016 at species Leuciscus cephalus exposed to Pendigan, a herbicide based on pendimethalin. 

Of the two biochemical parameters determined (glycaemia and cholesterol), only glycaemia showed 

significant changes as a result of the exposure of frogs to herbicide at concentrations of 0.002 and 

0.004 ml/ l of water.  

Significant increase of glycaemia in Leuciscus cephalus exposed to Pendigan 330 EC in a 

concentration of 0.0004 ml / l water was reported by Păunescu et al., 2016. The 1997 USEPA report 

on the toxic effects of pendimethalin also contains a series of studies, especially in mammals, where 

the herbicide also resulted in an increase of glycaemia. Changes in the mean number of erythrocytes 

and leukocytes, glycaemia and cholesterol levels have been reported by Păunescu et al. (2011) at 

Pelophilax ridibundus in poisoning with the Roundup herbicide
®
. 

El-Sharkawy et al. (2011) reported a significant decrease in body weight, an increase in blood 

glucose and cholesterol at Oreochromis niloticus exposed to Stomp® at a concentration of 0.355 

mg / l and 0.177 mg / l - about 10% and 5% of the LC50 - 96 hours for this species. 
 

4. CONCLUSIONS 
The Stomp® 330 EC herbicide produces a delay in Pelophylax ridibundus spawn hatching, and at 

the concentration of 0.004 ml/l water, it also produces a significant reduction in hatching. Lethal 

effects as a result of exposure to the Stomp® 330 EC herbicide were noted at the concentration of 

0.004 ml herbicide/l water, the effect being much more pronounced in tadpoles. Growth in volume 

and length of the Pelophylax ridibundus tadpoles is not significantly influenced by the investigated 

herbicide at concentrations of 0.0005 and 0.001 ml/l water during the experiment. The 
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concentrations of 0.002 and 0.004 herbicide/l of water produce a slowing in volume growth starting 

on the 4
th

 day after exposure and a slowing of growth in length on the 7
th

 day of exposure. 

The Stomp® 330 EC herbicide produces a decrease in the oxygen consumption of Pelophylax 

ridibundus tadpoles in all concentrations investigated, the effect of the concentration of 0.004 ml/l 

of water being stronger and occurring after a shorter exposure time. Frequency of buco-pharyngeal 

movements in Pelophylax ridibundus adults is influenced by the Stomp® 330 EC herbicide at a 

concentration of 0.002 and 0.004 ml/l of water, with an increase in this physiological index from the 

first hours after frog immersion in the toxic solutions to the end of the acute test (96 hours) followed 

by the decrease of this index below the values determined at the control for the concentration of 

0.004 ml/l of water. 

The hematological chart indicates an increase in mean erythrocyte count at concentrations of 0.002 

and 0.004 ml/l water and a decrease in mean leucocyte count at 0.001, 0.002 and 0.004 ml/l in the 

poisoned frogs for 14 days with Stomp® 330 EC/l water. The response of the adult frog body to 

Stomp® 330 EC herbicide aggression is also highlighted by changes in plasma glucose levels at 

concentrations of 0.002 and 0.004 ml/l water. The mean cholesterol values did not significantly 

change after the two weeks exposure to the herbicide in all four investigated concentrations. 

 
5. REFERENCES  
Brühl, C. A., Schmidt, T., Pieper, S., and Alscher, A. (2013). Terrestrial pesticide exposure of amphibians: an 

underestimated cause of global decline? Sci. Rep. 3, 1135. doi: 10.1038/srep01135. 

Chovanec, A., and Grillitsch, B. (1994). Amphibien als Bioindikatoren für die Schadstoffbelastung von Kleingewässern. 

Wien: Umweltbundesamt. 

Ciudin, E. (2004). Biologia animalelor de laborator [Biology of laboratory animals], Iaşi: Ed. Alfa. 

Cogălniceanu, D., (2002). Amfibienii din România. Ghid de teren [Amphibians in Romania. Field guide], Retrieved 

June 20, 2015, from Amfibienii_din_Romania_ghid_de_teren%20(2).pdf. 

Davidson, C. (2004). Declining downwind amphibian population declines in California and historical pesticide use. 

Ecol Appl, 14, 1892-1902. 

Davidson, C., Shaffer, H.B., Jennings, M.R. (2002). Spatial tests of the pesticide drift, habitat destruction, UV-B and 

climate-change hypothesis for California amphibian declines, Conserv Biol, 16, 1588-1601. 

 El-Sharkawy, N.I., Reda, R.M. and  El-Araby, I.E. (2011). Assessment of Stomp® (Pendimethalin) toxicity on 

Oreochromis niloticus, Journal of American Science, 7(10), 568-576. 

Engebretson J., Hall G., Hengel M. and Shibamoto T. (2001). Analysis of pendimethalinresidues in fruit, nuts, 

vegetables, grass, and mint by gas chromatography, J. Agric. Food Chem., 49, 2198 – 2206. 

Greulich, K., and Pflugmacher, S. (2003). Differences in susceptibility of various life stages of amphibians to pesticide 

exposure, Aquat. Toxicol. 65, 329–336. doi: 10.1016/S0166-445X(03)00153-X 

IUCN (2004). IUCN Red List of Threatened Species: A Global Species Assessment. Gland; Cambridge: IUCN. 

IUCN (2010). IUCN red list of threatened species, Retrieved June 11, 2016 from www.iucnredlist.org. 

Lanctôt, C., Navarro-Martín, L., Robertson, C., Park, B., Jackman, P., Pauli, B. D., et al. (2014). Effects of glyphosate-

based herbicides on survival, development, growth and sex ratios of wood frog (Lithobates sylvaticus) tadpoles. 

II: agriculturally relevant exposures to Roundup WeatherMax R and Vision R under laboratory conditions. 

Aquat. Toxicol. 154, 291–303. doi: 10.1016/j.aquatox.2014.05.025 

Moore, L.J., Fuentes, L., Rodgers, J.H., Bowerman, W.W., Yarrow, G.K., Chao, W. Y., et al. (2012). Relative toxicity 

of the components of the original formulation of Roundup 
R
 to five North American anurans, Ecotoxicol. 

Environ. Saf,. 78, 128–133. doi: 10.1016/j.ecoenv.2011.11.025 

Mullin, C. A., Fine, J. D., Reynolds, R. D., and Frazier, M. T. (2016). Toxicological risks of agrochemical spray 

adjuvants: organosilicone surfactants may not be safe, Front. Public Health 4, 92. doi: 

10.3389/fpubh.2016.00092 

Paunescu, A., Zgurschi, G., Soare, L.S., Man, G.M,. Brînzea, G., Fierăscu, R.C., Fierăscu, I, Ponepal, M.C. (2016). The 

Protective Role of Thiourea on Leuciscus cephalus Exposed to Sublethal Doses of Pendigan 330EC 



 
Current Trends in Natural Sciences                                                                               Vol. 6, Issue 12, pp. 238-247, 2017 

 
Current Trends in Natural Sciences (on-line)                               Current Trends in Natural Sciences (CD-Rom)  

ISSN: 2284-953X                                                       ISSN: 2284-9521 
ISSN-L: 2284-9521                                                                                           ISSN-L: 2284-9521 

 
 

 
http://www.natsci.upit.ro  

*Corresponding author, E-mail address: ponepal_maria@yahoo.com 

 

247 

(Pendimethalin) Herbicide, Bulletin of Environmental Contamination and Toxicology, 97(2), 203–210, 

doi:10.1007/s00128-016-1834-3. 

Păunescu, A., Ponepal, M.C. (2011). Effect of Roundup® herbicide on physiological indices in marsh frog (Pelophylax 

ridibundus), Scientific Papers, UASVM Bucharest, Series A, Vol. LIV, 269-274. 

Perkins, P.J., Boermans, H.J., Stephenson, G.R. (2000). Toxicity of glyphosate and triclopyr using the frog embryo 

teratogenesis assay-Xenopus, Environ. Toxicol. Chem, 19, 940–945. doi: 10.1002/etc.5620190422 

Picoş, C.A., Năstăsescu, Gh. (1988). Lucrări practice de fiziologie animală [Practical work on animal physiology], 

Bucureşti: Tipografia UniversităŃii din Bucureşti. 

Relyea, R.A., Mills, N. (2001). Predator-induced stress makes the pesticide carbaryl more deadly to gray treefrog 

tadpoles (Hyla versicolor). Proceedings of the National Academy of Sciences of the United States of America, 98, 

2491–2496. 

Relyea, R. A. (2004). Growth and survival of five amphibian species exposed to combinations of pesticides, 

Environmental Toxicology and Chemistry,  23(7), 1737-1742. 

Relyea, R. A.  (2005). The lethal impact of Roundup
®
 on aquatic and terrestrial amphibians,  Ecological Applicationss, 

15, 1118-1124. 

Relyea, R.A. (2001). Morphological and behavioral plasticity of larval anurans in response to different 

predators. Ecology,  82, 523-540. 

Relyea, R.A., Schoeppner, N.M., Hoverman, J.T. (2005). Pesticides and amphibians: the importance of community 

context, Ecological Applications, 15(4),  1125–1134. 

Stuart, S. N., Chanson, J. S., Cox, N. A., Young, B. E.,Rodrigues, A. S.L., Fischman, D. L., et al. (2004). Status and 

trends of amphibian declines and extinctions worldwide. Science, 306, 1783–1786. doi: 

10.1126/science.1103538 

Tomlin, C. (1994). The Pesticide Manual, Incorporating the Agrochemicals Handbook (10th ed.) Britich Crop 

Protection Council and Royal Society of Chemistry, London, 1994. 

US Environmental Protection Agency. 1987 (Dec. 16). Pesticide Tolerance for pendimethalin. Federal Register, 

52(241), 47734-5. 

USEPA, (1997). Office of Pesticide Programs; Reregistration Eligibility Decision Document - Pendimethalin pp.9-10 

EPA 738-R-97-007. 

Wagner, N., Rödder, D., Brühl, C. A., Veith, M., Lenhardt, P. P., Lötters, S. (2014). Evaluating the risk of pesticide 

exposure for amphibian species listed in Annex II of the European Union Habitats Directive, Biol. Conserv., 176, 

64–70. doi: 10.1016/j.biocon.2014.05.014 

Weed Science Society of America (1994). Herbicide Handbook, Seventh Edition. Champaign, IL, 10-59. 

Weir, S.M.,  Yu,  S., Salice, C.J. (2012). Acute toxicity of herbicide formulations and chronic toxicity of technical-

grade Trifluralin to larval green frogs (Lithobates clamitans), Environmental Toxicology and Chemistry, 31(9), 

2029–2034. 

Williams, B.K., Semlitsch, R.D. (2009). Larval responses of three midwestern anurans to chronic, low-dose exposures 

of four herbicides, Arch Environ Contam Toxicol,. 58(3), 819–827. 

 

 


