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Global amphibian declines have now 

been well documented (Houlahan et al., 

2000) and have highest incidences in the 

tropics (Stuart et al., 2004). The Interna-

tional Union for Conservation of Nature 

reports that as many as 41% of amphibian 

species are threatened globally, and the 

five countries with the greatest number of 
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Global amphibian declines have the highest incidence in tropical regions, but most of the ecotoxi-

cological data on amphibians is collected on temperate northern hemisphere anuran species. We 

tested the hypothesis that tropical anuran larvae (Epipedobates anthonyi) would be more sensitive to 

pesticides than a North American native species (Lithobates sphenocephalus). For 12 pesticides, 96-hr 

range-finding acute toxicity tests were conducted to determine if mortality occurred at environ-

mentally relevant levels. Based on those studies, two substances were selected for additional time-

to-event analyses in both species as well as median lethal concentration (LC50) calculations. Time-

to-event results indicated that the two species appear to be roughly equivalent in their sensitivity 

to the two tested pesticides. Significant differences between species were not consistent across con-

centrations for either the insecticide terbufos or the herbicide pendimethalin. The utility of LC50 

data was mixed with one LC50 providing an arbitrarily large standard error around the LC50 pre-

cluding informative comparisons across species. However, standard LC50 methods allowed data 

collection that continues to contribute to our understanding of the protectiveness of fish as surro-

gates for anuran larvae. While our data set is limited, it appears that testing temperate species 

would be protective for tropical species in ecological risk assessments. Our data also support the 

continued use of fish as surrogates for amphibian larvae as none of the species were more sensitive 

to the tested pesticides than rainbow trout (Oncorhynchus mykiss), the standard sensitive fish spe-

cies used for acute toxicity testing.  

Key words: amphibians; plant protection product; poison-arrow frog; rainbow trout; southern 

leopard frog. 
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at-risk amphibians are all Neotropical 

countries (Leudtke et al., 2023). The causes 

of amphibian declines are numerous but 

include introduced diseases, habitat degra-

dation, invasive species, climate change 

and chemical contamination (Collins  

Storfer, 2003). There have been few spe-

cific instances in which amphibian declines 

have been associated with chemical pollu-

tion (e.g., Davidson, 2004). However, the 

lack of direct connections may have two 

related causes. First, there is significantly 

less published research on amphibians in 

the field of ecotoxicology than on mam-

mals, birds, and fish (Sparling et al., 2010). 

Second, amphibian declines are most 

prominent in the tropics, while amphibian 

research is biased towards temperate are-

as, which could potentially miss relevant 

sensitive species (Schiesari et al., 2007).  

Ecotoxicology often makes use of 

standard toxicity tests carried out under 

controlled laboratory conditions, but these 

standardized tests do not always provide 

protection for all species (Cairns Jr., 1986), 

and thus additional assessment factors are 

applied in the risk assessment to address 

potentially more sensitive species. Further, 

no standardized and validated acute tox-

icity tests exist for amphibians (although 

this type of study has often been conduct-

ed on tadpoles using procedures devel-

oped for fish or daphnids), and few re-

searchers in developed countries use tropi-

cal species in their experiments. Finally, 

many of the pesticides that developed 

countries have banned were used for 

many more years before being banned in 

some tropical countries (e.g., Costa Rica, 

Castillo et al., 1997) and some (e.g., en-

dosulfan) continue to be used in areas 

where amphibian declines are strongest.  

Because amphibians do not have re-

quired tests with standardized protocols in 

regulatory frameworks for ecological risk 

assessment of pesticides, fish toxicity data 

are often used as a surrogate when am-

phibian toxicity data are not available 

(Ockleford et al., 2018). It has been sug-

gested that fish acute toxicity data general-

ly provide protection for amphibians 

(Weltje et al., 2013; Ockleford et al., 2018; 

Ortiz-Santaliestra et al., 2018). However, 

some authors have called these results into 

question as much of the data used to com-

pare fish and amphibians are biased to-

wards species from North America, Eu-

rope, and the commonly used African 

clawed frog Xenopus laevis (Schiesari et al., 

2007; Ghose et al., 2014).  

The purpose of this paper is to compare 

the relative sensitivity of North American 

and Latin American amphibian species to 

pesticides of various classes (e.g., insecti-

cides, herbicides, fungicides) using time-to

-event analysis and, when possible, medi-

an lethal concentrations (LC50s). In addi-

tion, the pesticides tested in these experi-

ments have hardly, if ever, been tested on 

amphibians, which will contribute further 

to the database of amphibian toxicity data 

that can be compared to fish toxicity end-

points to continue investigating the hy-

pothesis that fish are adequately sensitive 

surrogates for aquatic amphibian life sta-

ges (Weltje et al., 2013; Ockleford et al., 

2018; Glaberman et al., 2019). Assuming 

there is any connection between pesticide 

exposures and amphibian declines in the 

tropics, we hypothesized the tropical spe-

cies would be more sensitive than the tem-

perate anuran.  
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Materials and Methods 

All methods were regulated and ap-

proved by the Institutional Animal Care 

and Use Committee of Queens University 

of Charlotte (Protocol Number 4). 

Study organisms 

Southern leopard frog (Lithobates sphe-

nocephalus) egg masses were collected from 

the field in January 2020 during reproduc-

tive events. Southern leopard frogs were 

selected because they are a ubiquitous and 

common North American species and be-

cause they had a strong breeding event at 

the period when experiments were started. 

Eggs were collected at the Savannah River 

Site from wetlands known to have no his-

tory of exposure to pesticides. The Savan-

nah River Site has been controlled by the 

Department of Energy since the 1950s and 

many of the wetlands have not been im-

pacted by previous contamination and are 

used as reference locations for multiple 

studies that occur on the site. Egg masses 

were brought into the laboratory for hatch-

ing and placed into two 37.85 L tanks filled 

with 5 L of reconstituted moderately hard 

water that was also used for the experi-

ments. Eggs were allowed to hatch and 

tadpoles at Gosner stage 25 (Gosner, 1960) 

were collected for experiments. Tadpoles 

were not provided with food prior to ex-

perimental setup (which was less than 24 

hours after hatching). No mortality of 

hatched tadpoles was observed prior to 

the start of experiments. Twelve “tricolor” 

poison-arrow frogs (Epipedobates anthonyi) 

were purchased from a private source and 

transferred to the laboratory on Queens 

University of Charlotte campus for cultur-

ing and rearing. These frogs readily breed 

in captivity and are fairly easy to maintain. 

The adult poison-arrow frogs were 

grouped with multiple males to one fe-

male to induce breeding. Poison-arrow 

frogs were fed an abundance of wingless 

fruit flies dusted with a nutrient supple-

ment three times per week. Egg masses 

were laid every two to four weeks and col-

lected and separated from the adults for 

hatching and rearing. For both species, 

embryos were hatched in the laboratory 

and grown collectively until reaching Gos-

ner stage 25 (Gosner, 1960) at which point 

they are free-swimming larvae.  

Toxicity testing and pesticides 

Technical grade pesticides (> 96% puri-

ty except for gibberellic acid, which had 

~90% purity) were purchased from Chem-

service (West Chester, PA) or Fisher Scien-

tific (Hampton, NH, gibberellic acid only). 

We investigated three herbicides 

(pendimethalin, triclopyr, haloxyfop-

methyl), five insecticides (thiamethoxam, 

terbufos, bifenthrin, allethrin, 

flufenoxuron), one fungicide (thiophanate-

methyl), one antihelminthic (niclosamide), 

one molluscicide (metaldehyde), and one 

plant growth regulator (gibberellic acid). 

All pesticides were kept in a refrigerator 

until dosing solutions were prepared. Pes-

ticides that were not readily miscible with 

water at concentrations necessary for dos-

ing were dissolved in acetone. We ensured 

that acetone was < 1% v/v in the final test 

solution (e.g., < 0.5 mL in 50 mL).  

For all experiments, tadpoles were held 

individually in 125 mL glass jars with ei-

ther 50 mL (E. anthonyi) or 100 mL (L. sphe-

nocephalus) of reconstituted moderately 

hard water. All experiments occurred in a 

plant growth incubator with a 12:12 hour 
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light:dark cycle and controlled tempera-

ture (set at 20°C, maximum fluctuation 

was within the range 19-21°C). Jars within 

the incubator were randomly placed on 

shelves to ensure that no treatment or spe-

cies were placed in any specific region of 

the incubator. Jars were then covered with 

a large piece of acrylic to prevent water 

loss and to prevent cross contamination if 

multiple pesticides were being tested sim-

ultaneously.   

We first performed a range-finding test 

with three concentrations spaced by a fac-

tor of 10 and three animals per treatment. 

Default concentrations were 1, 10, and 100 

mg/L. Lower concentrations were used if 

prior amphibian data on similar pesticides 

suggested higher toxicity or if complete 

mortality occurred at 1 mg/L in the first 

test run. For example, previous research 

on pyrethroids found significant toxicity to 

amphibians (e.g., Vanzetto et al., 2019). If 

mortality did not occur at 100 mg/L the 

definitive tests were not performed and 

the LC50 was reported as > 100 mg/L. This 

approach reduced the number of verte-

brate animals that would be put through 

the potential pain/stress of a full experi-

ment when the result have little ecological 

relevance. Environmental concentrations 

greater than 100 mg/L for pesticides are 

exceptionally unlikely and generally not 

relevant to ecological risk assessment. Fur-

ther, substances with an LC50 above 100 

mg/L are considered “practically non-

toxic” for the purpose of classifying aquat-

ic environmental hazards (UN, 2017).  

Following the range-finding test, a de-

finitive test was performed with five nar-

rower spaced concentrations (four treat-

ments and one control) and eight tadpoles 

per concentration. Because E. anthonyi lay 

small egg masses (8 to 20 eggs per mass) 

and cannot be induced to breed collective-

ly, a traditional LC50 design where all 

treatments are started simultaneously was 

not possible. Instead, treatments were 

started on different days, depending on 

organism availability, and later combined 

for analysis. We performed time-to-event 

analyses (= survival analysis, Newman  

McCloskey, 1996) for assessing and com-

paring toxicity. Tadpoles were observed at 

least four times during the first 24 hours, 

and then at least every 12 hours until the 

end of exposure at 96 hours. After the ex-

periment, survival curves were statistically 

compared across species for each concen-

tration and LC50s (the concentration that 

causes 50% mortality at a particular time) 

were estimated from the 96-h data when 

possible and appropriate. Tadpoles were 

not fed during range-finding or definitive 

tests.  

We collected water quality data 

(conductivity, dissolved oxygen, pH) on a 

single jar per concentration at the begin-

ning and at the end of experiments to en-

sure that water quality parameters were 

within acceptable ranges and not contrib-

uting to toxicity. The U.S. EPA guideline 

for Daphnia acute toxicity tests provides an 

acceptable pH range of 6.0 to 8.5 and dis-

solved oxygen at 60% saturation or higher 

(USEPA, 2016). At 25°C and the elevation 

of Charlotte, NC (approximately 675 feet), 

60% saturation for dissolved oxygen is 4.8 

mg/L.  

Statistical analysis 

All statistical analyses were performed 

using the R environment (version 3.4.2, R 
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Core Team, 2017). Time-to-event analyses 

were performed using the MASS 

(Venables  Ripley, 2002) and Survival 

(Therneau  Lumley, 2009) packages for R. 

The logrank test (i.e. Mantel-Cox test) was 

used to compare survival curves between 

species, which computes observed and 

expected number of events at each time 

point for each group. The expected values 

are subtracted from observed values for 

each time point and then summed across 

all time points. A chi-square (χ2) statistic is 

computed from the sum of the observed 

minus expected values and tests the hy-

pothesis that there is no difference be-

tween treatment survival curves. Survival 

curves were compared between species at 

each concentration tested for all pesticides 

for which a definitive test was performed. 

LC50 values were estimated using one of 

two methods. In the first method, we used 

the “drm” function in the “drc” package to 

build a dose-response model with a log-

logit four parameter model. Multiple mod-

els available with the “drm” function were 

tested and the log-logit provided the best 

fit. The second method used a log-logit 

model in the “glm” function of the 

“MASS” package in R (Venables  Ripley, 

2002). We used two different methods be-

cause mathematical constructs in the data 

sometimes result in arbitrarily inflated er-

ror values. Our goal was to acquire the 

most robust estimation of the LC50 as pos-

sible. An arbitrarily large error value 

around an LC50 is inherently less useful 

than a small one. Significant differences 

between LC50 values were determined by 

comparing 95% confidence intervals calcu-

lated for each LC50 from the standard er-

ror provided by the logit model. For all 

statistical analyses, we used α = 0.05 for 

assessing significant differences between 

species.  

Fish toxicity data 

To compare the sensitivity of amphibi-

ans with fish, LC50 values obtained from 

the experiments with tadpoles described 

above were compared with regulatory fish 

data. Standard acute toxicity data, i.e. 96-h 

LC50 values, for rainbow trout 

(Oncorhynchus mykiss) were collected from 

the Pesticides Properties Database (PPDB, 

http://sitem.herts.ac.uk/aeru/ppdb/), which 

contains regulatory data from registration 

dossiers. Studies were conducted accord-

ing to OECD TG 203: Fish Acute Toxicity 

Test. In case an LC50 value was not availa-

ble in the PPDB, other sources, such as the 

USEPA ECOTOX database (https://

cfpub.epa.gov/ecotox/) were consulted. In 

addition, we extracted linear interspecies 

correlation estimations (ICE) for fish-

amphibian sensitivity relationships from 

the US-EPA’s WebICE program (https://

www3.epa.gov/webice/). 

Results 

Range‐finding toxicity Tests 

We performed range-finding toxicity 

tests on at least one amphibian species for 

12 pesticides. Five of the pesticides did not 

result in significant mortality to the anu-

rans tested (thiamethoxam, metaldehyde, 

triclopyr, gibberellic acid, and thiophanate

-methyl) while the remaining seven caused 

mortality to at least one anuran species 

(Table 1). In general, insecticides were 

more likely to cause mortality (n = 4 

caused toxicity) than other classes of pesti-

cides (two herbicides and one molluscicide 
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Pesticide Concentration 

(mg/L) 
Poison‐arrow frog  

mortality 
Southern leopard frog 

mortality 

Pendimethalin* 1 0 NT 
 10 100 NT 
 100 100 NT 

Thiamethoxam 1 0 NT 
  10 0 NT 
 100 0 NT 

Terbufos* 1 0 NT 
 10 100 NT 
 100 100 NT 

Metaldehyde 1 0 NT 
 10 33 NT 
 100 0 NT 

Bifenthrin 0.1 0 NT 
 1 100 NT 
 10 100 NT 

Triclopyr 1 0 NT 
 10 0 NT 
 100 0 NT 

Allethrin 0.1 0 NT 
 1 100 NT 
 10 100 NT 

Gibberellic Acid 1 0 NT 
 10 0 NT 
 100 0 NT 

Thiophanate-methyl 1 0 NT 
 10 0 NT 
 100 0 NT 

Flufenoxuron 1 0 0 
  10 0 0 
  100 0 66.7 

Niclosamide 0.01 NT 0 
  0.1 NT 100 
  1 NT 100 

Haloxyfop-methyl 1 NT 0 
  10 NT 100 
  100 NT 100 

Table 1: Percent mortality per treatment recorded during range-finding tests for poison-

arrow frog (Epipedobates anthonyi) and southern leopard frog (Lithobates sphenocephalus). 

Three tadpoles were tested at each concentration. Asterisks (*) indicate pesticides for 

which definitive tests with time-to-event analyses were performed. NT: not tested. 
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caused mortality). Terbufos (insecticide) 

and pendimethalin (herbicide) were select-

ed for time-to-event analysis in both spe-

cies.  

Time‐to‐event analysis 

For terbufos, there were no consistent 

patterns to relative sensitivity. For exam-

ple, at 9 mg/L there were significant differ-

ences between the survival curves of the 

two species (χ2 = 15, df = 1, p < 0.001) 

where leopard frogs responded faster than 

the poison-arrow frogs suggesting they 

were more sensitive (Fig. 1). However, at 

27 mg/L, the poison-arrow frog curves 

suggested faster responses than leopard 

frogs, but this result was not significant (χ2 

= 2.2, df = 1, p = 0.1). Pendimethalin results 

were more consistent in which the poison-

arrow frogs responded more quickly indi-

cating greater sensitivity when significant 

mortality occurred (Fig. 2). The only sig-

nificant difference between the species oc-

curred at 27 mg/L where the poison-arrow 

frog responded faster than the leopard 

frog (χ2 = 11.2, df = 1, p < 0.001). Pro-

Figure 1: Time-to-event analysis of survival 

curves for southern leopard frogs (L. sphenoceph-

alus) and poison-arrow frogs (E. anthonyi) fol-

lowing exposure to the insecticide terbufos. 

Control survival was 100% throughout the ex-

periments. The 1 mg/L lines are not visible for 

both species as survival was 100% and is cov-

ered by the 3 mg/L line for E. anthonyi. At 9 mg/L, 

southern leopard frogs responded significantly 

faster (i.e., were more sensitive) compared to 

the poison-arrow frogs (χ2 = 15, df = 1, p < 

0.001). There were no other significant differ-

ences between the two species at any concentra-

tion tested (all χ2 ≤ 3.5, all p ≥ 0.06 with df = 1).  

Figure 2: Time-to-event analysis of survival 

curves for southern leopard frogs (L. spheno-

cephalus) and poison-arrow frogs (E. anthonyi) 

following exposure to the herbicide pendime-

thalin. Control survival was 100% throughout 

the experiments. At 27 mg/L poison-arrow 

frogs responded significantly faster to toxicity 

(i.e., were more sensitive) compared to the 

leopard frogs (χ2 = 11.2, df = 1, p < 0.001). There 

were no other significant differences between 

the two species at all concentrations tested (all 

χ2 ≤ 3.3, all p ≥ 0.07 with df = 1).  
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nounced differences were also seen for 9 

mg/L but this result was not significant (χ2 

= 3.3, df = 1, p = 0.07). 

LC50 data 

LC50 data were less informative than 

the time-to-event analysis for the purpose 

of comparing sensitivity (response over 

time) of species. The method used to esti-

mate LC50s provided poor accuracy of the 

LC50 for L. sphenocephalus and terbufos 

resulting in the standard error around the 

LC50 being arbitrarily large and not useful 

for comparing species (Table 2). Compar-

ing 95% confidence intervals around 

LC50s for pendimethalin found no signifi-

cant differences between the two species 

(Table 2). Terbufos sensitivity between 

species could not be statistically assessed 

because of the arbitrarily large standard 

error around the LC50 for terbufos and L. 

sphenocephalus, so we are not able to make 

a statement about the significance of the 

differences in the LC50s of these two spe-

cies (Table 2).  

Species Chemical Concentration 

(mg/L) 
96‐h  

mortality 
LC50  

(mg/L) 
SE CI 

E. anthonyi Terbufos 0 0 5.22 0.034 5.15-5.29 
  1 0    
  3 0    
  9 8    
  27 8    

 Pendimethalin 0 0 2.99 0.170 2.66-3.32 
  1 0    
  3 3    
  9 8    
  27 8    

L. sphenocephalus Terbufos 0 0 3.53 3.53a -3.39-10.45 
  1 0    
  3 2    
  9 8    
  27 8    

 Pendimethalin 0 0 3.10 0.45 2.22-3.98 
  1 0    
  3 3    
  9 8    
  27 6    

Table 2: Summary of LC50 data for both pesticides and both species. Eight individuals 

were tested at each concentration for each species. CI is the 95% confidence interval calculated 

from the standard error (SE) assuming a normal distribution. 

aThe error values for the terbufos test run on L. sphenocephalus represent an arbitrarily large range 

that is a mathematical result of the model estimation and were not used for statistical assessment. 
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Water quality  

Water quality data did not indicate any 

contribution to toxicity and were within 

levels that are acceptable for anuran lar-

vae. Conductivity ranged from 324 to 473 

µS/cm, pH ranged from 6.45 to 8.08, and 

dissolved oxygen was always greater than 

4.5 mg/L (N = 27 measurements).  

Discussion 

While our data set is limited, and only 

two pesticides have been fully tested for 

acute toxicity, there was no clear indica-

tion that the tropical poison-arrow frog 

was more sensitive than the North Ameri-

can species. This ran counter to our hy-

pothesis. We predicted that if pesticides 

were part of the cause of amphibian de-

clines in the tropics, a tropical amphibian 

would be more sensitive to a range of pes-

ticides than a North American anuran. 

There are very few direct comparisons of 

sensitivity between temperate and tropical 

anuran species. For example, an investiga-

tion into relative sensitivity of a North 

American (Rana), European (Rana), and 

South American (Leptodactylus) tropical 

anuran species reported that the tropical 

species had the greatest LC50 (though not 

significantly different than the temperate 

species) among the three species tested, 

which indicates it is the least sensitive spe-

cies (AraÚjo et al., 2014). Ghose et al. (2014) 

collected some temperate anuran data 

from the US EPA database ECOTOX 

(USEPA, 2019) to compare to their own 

toxicity testing with a tropical species, the 

red-eyed tree frog (Agalychnis callidryas), 

though they provide no formal analysis of 

the two datasets.  

We know of no systematic assessment 

of family-level sensitivity analysis in anu-

rans. Early phylogenetic trees of amphibi-

ans placed dendrobatid (like E. anthonyi) 

species in the same clade as Ranidae 

(which includes Lithobates, Duellman  

Trueb, 1994). However, more recent anal-

yses suggest dendrobatid anurans are 

more closely related to bufonid and hylid 

species of North American anurans, while 

Lithobates species remain in the ranid 

group (Hay et al., 1995; Zhang et al., 2013). 

However, more broadly, all of these taxo-

nomic groups are within the suborder Ne-

obatrachia, which contains most anuran 

species. Comparisons are scattered across 

contaminants and taxonomic groups. In 

addition to the work of AraÚjo et al. 

(2014), an analysis of endosulfan across 

nine species reported that bufonids were 

the least sensitive while ranid frogs were 

more sensitive (Jones et al., 2009). Follow-

ing copper exposure, ranids were much 

less sensitive (Lance et al., 2012) than ei-

ther a toad (Lance et al., 2013) or G. caro-

linensis (Flynn et al., 2015). Birge et al., 

(2000) provide an extensive database of 

toxicity values, but the particular family 

that is most sensitive tends to be incon-

sistent across different contaminants. 

However, when combining all data across 

inorganic and organic compounds, the 

more sensitive species tended to be ranid, 

hylid, or G. carolinensis, compared to 

bufonids generally being listed as tolerant 

(Table 14a-1 in Birge et al., 2000). As previ-

ously stated, it is unlikely that any particu-

lar group will be the most sensitive to all 

compounds (Cairns Jr., 1986). What will 

be more interesting (with greater data col-

lection) is to study patterns of sensitivity 

across taxa. Perhaps dendrobatids have an 
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innate tolerance of some neurotoxic pesti-

cides because their systems are already 

adapted to prevent toxicity from the neu-

rotoxic compounds they use for defense. 

An example mechanism for increased tol-

erance might be altered acetylcholine re-

ceptors (Tarvin et al., 2017).  

Our pesticide toxicity data are similar 

to previous research on the same or closely 

related pesticides. For example, previous 

research has investigated the herbicide 

trifluralin, which is structurally similar to 

pendimethalin (i.e., they are both di-

nitroaniline herbicides, Weir et al., 2012). 

The LC50 for green frog tadpoles 

(Lithobates clamitans) exposed to technical 

grade trifluralin (9.76 mg/L) was approxi-

mately three times higher than our results 

for E. anthonyi and L. sphenocephalus ex-

posed to pendimethalin. Ghose et al., 

(2014) exposed red-eyed treefrog tadpoles 

(A. callidryas) to formulated pesticides in-

cluding a formulation of the insecticide 

terbufos. The 8-day LC50 for the terbufos 

formulation was estimated as 2.66 mg/L 

(Ghose et al., 2014), which is approximate-

ly a factor of two lower than both esti-

mates in the current study. Differences 

may be related to exposure duration, the 

use of technical grade pesticides versus 

formulated products (which may include 

surfactants and other additives) and spe-

cies’ sensitivity. 

Time-to-event analysis continues to be 

a useful, statistically robust, way to com-

pare sensitivity among organisms 

Pesticide active  

substance 

Class/Use  Epipedobates 

anthonyi  
Lithobates  

sphenocephalus  
Oncorhynchus 

mykiss  

Pendimethalin Herbicide 2.99 3.1 0.196 

Thiamethoxam Insecticide >100 NT >125 

Terbufos Insecticide 5.22 3.53 0.0094b 

Metaldehyde Molluscicide >100 NT 75 

Bifenthrin Insecticide 0.323 NT 0.00026 

Triclopyr Herbicide >100 NT 117 

Allethrin Insecticide 0.323 NT 0.0097c 

Gibberellic acid Plant Growth Regulator >100 NT >120 

Thiophanate-methyl Fungicide >100 NT 11 

Flufenoxuron Insecticide >100 32a >0.0049 

Niclosamide Anthelmintic/Molluscicide NT 0.032a 0.03d 

Haloxyfop-methyl Herbicide NT 3.2a 0.46e 

Table 3: Comparison of anuran toxicity data to standard fish toxicity values for the pesticides 

tested. NT: not tested. Values for rainbow trout (Oncorhynchus mykiss) were compiled from the 

Pesticide Properties Database (http://sitem.herts.ac.uk/aeru/ppdb/), unless noted otherwise.  

a LC50 estimate according to OECD (2019) by calculating the geometric mean of the concentration 

causing no mortality and the next higher concentration causing 100% mortality from the range-

finder tests. b Retrieved from USEPA (1982). c Retrieved from USEPA (2019). d Retrieved from 

USEPA (2017). e Retrieved from EFSA (2009). 
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(Newman  McCloskey, 1996). The diffi-

culties we encountered with estimating 

LC50s from our time-to-event analysis 

may have been a function of the relatively 

low number of concentrations tested (four) 

or the relatively small sample size within 

each concentration (eight). For better reso-

lution of relative species sensitivity, future 

experiments could consider increasing the 

number of test concentrations or the num-

ber of individuals in each concentration 

(which should be balanced against na-

tional/regional regulatory requirements 

regarding vertebrate animal use). In addi-

tion, because our goal was to compare spe-

cies it is difficult to test species of varying 

sensitivity to the same concentrations, 

while ensuring ideal dose-response curve 

data. The ideal data for one species 

(creating low, moderate, and high mortali-

ty) might cause an “all or nothing” re-

sponse in the other species. The goal of the 

experiment should drive these considera-

tions. Ultimately, we wanted to compare 

the sensitivity of these two species, and 

acquiring robust LC50 data was consid-

ered a secondary goal. 

Using traditional toxicity methods was 

adequate to collect data for anurans to 

compare to fish. Nothing in our data 

would suggest that the relationship be-

tween fish and amphibians previously re-

ported (Weltje et al., 2013; Ortiz-

Santaliestra et al., 2018) is any less valid. 

It appears that fish provide an adequate 

surrogate for aquatic life stages of amphib-

ians for ecological risk assessment. For 

terbufos, the fish LC50s (96 hours, n = 37) 

range from very low LC50s of 0.00077 to 

1.8 mg/L and all but one were less than 

0.39 mg/L, which is much lower than L. 

sphenocephalus (3.53 mg/L) and the poison-

arrow frog (5.22 mg/L). Similarly, pendi-

methalin 96-hr LC50s (n = 4) ranged from 

0.138 to 4.92 mg/L (USEPA, 2019). Our two 

LC50s (2.99 and 3.10 mg/L) are at the up-

per end of this range. The take home mes-

sage is that neither of the toxicity estimates 

(nor the data from range-finding tests) that 

were collected in this study are likely to be 

significantly lower than the reported fish 

values (see Table 3 for a comparison of our 

LC50 values with the regulatory values for 

rainbow trout) and do not provide evi-

dence that tropical amphibian testing will 

have any effect on the decision to use fish 

as a surrogate for anuran larvae. It is im-

portant to point out that our data set is 

limited, but as more toxicity data are col-

lected, we expect the relationship to con-

Predicted  

taxonomic group 
Taxonomic 

level 
Slope 

estimate 
R2  P‐value 

Bufonidae Family 0.54 0.47 < 0.001 

Ranidae Family 0.89 0.98 < 0.001 

Hylidae Family 0.34 0.37 0.047 

Dicroglossidae Family 0.97 0.85 0.001 

Anaxyrus Genus 0.54 0.45 0.003 

Lithobates Genus 0.90 0.98 < 0.001 

Pseudacris Genus 0.34 0.37 0.047 

Table 4: Linear relation-

ships using rainbow trout 

(Oncorhynchus mykiss) tox-

icity data to predict am-

phibian genus and family 

group toxicity data. Anal-

yses obtained from the U.S. 

Environmental Protection 

Agency’s WebICE program 

(https://www3.epa.gov/

webice/).  
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tinue in the same direction.  

Any inferences taken from these data 

must be considered in light of the limited 

data that we have collected so far. That 

said, there appear to be clear indications 

that there are significant linear relation-

ships between fish and anuran toxicity 

data. For example, every family and genus 

relationship that can be produced from the 

US EPA’s WebICE program finds a signifi-

cant linear relationship between rainbow 

trout and the amphibian family or genus 

predicted from the trout data, although 

some of the significant relationships pro-

vide fairly weak R2 values (Table 4). Future 

research could include multiple directions 

such as increasing the number of com-

pounds to investigate and increasing the 

diversity of anuran groups that are tested 

for each pesticide. Ecological risk assess-

ment should be based on the best available 

and most accurate data possible. As the 

database on species and pesticides ex-

pands, our confidence in using fish (or a 

linear relationship between fish and anu-

ran toxicity data) as a surrogate for anu-

rans will continue to increase as data con-

tinue to support the use of the surrogate.  
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