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ABSTRACT 

Reptiles are a globally declining taxon and remain the least studied of all 

vertebrate taxon with regard to ecotoxicology. Performing studies with reptiles is not 

required by any regulatory statutes in the United States, or abroad. Because reptiles are 

not required under federal regulations such as the Federal Insecticide, Fungicide, and 

Rodenticide Act or the Toxic Substances Control Act, there is very little toxicity data 

available for reptiles, except what has been generated by academia and government. With 

very little data available for reptiles, performing ecological risk assessments on reptiles is 

exceptionally difficult. Often, a surrogate species (such as a bird) is used in place of 

reptiles and is assumed to be protective. 

The purpose of this research is to improve the risk assessment process for reptiles 

by better understanding reptile toxicity and exposure. My experiments have revealed (1) 

birds are not necessarily good surrogates for reptiles as reptiles have a dissimilar 

exposure profile compared to birds, and in many cases very dissimilar toxicant 

sensitivity; (2) given similar doses, oral and dermal contaminant exposures result in 

similar body residues in reptiles; (3) reptile oral and dermal toxicity is context dependent 

and may be very different for some pesticides; (4) there is no strong relationship between 

bird and reptile toxicity; and (5) applying my methods to a real-world application has 

found that neither H2S gas nor herbicide spraying represents a significant acute toxicity 

threat to lizards in the shin-oak sand dune system of west Texas. I propose a mechanism 

to explain the difference between oral and dermal contaminant exposure routes which 

may guide future research on these topics.   
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CHAPTER I 

INTRODUCTION 

1.1 INTRODUCTION 

 Despite a well-recognized data gap (Hopkins 2000), a lack of reptile ecotoxicity 

data continues to persist (Sparling et al. 2010). In addition, reptiles may be experiencing 

worldwide declines, much like amphibians (Gibbons et al. 2000). While environmental 

contamination has been suggested as a possible cause of reptile population declines 

(Gibbons et al. 2000), little empirical data has been acquired to support this claim. This 

could be due to a variety of factors including: the cryptic nature of many species, the lack 

of fundamental knowledge of many aspects of reptile ecology, and few studies 

investigating either contaminant exposure or effects.  

Historically, reptile toxicology data has been heavily dominated by reports of 

body burdens (Meyers-Schöne 2000), often as a model for use in biomonitoring. 

Recently, there has been an increase in the use of reptiles in ecotoxicology, and many 

important studies of effects and routes of exposure have been conducted (Brooks et al. 

1998a,b; Talent 2005; McFarland et al. 2008; McFarland et al. 2009; Suski et al. 2008; 

Salice et al. 2009). Much of the improvement with regard to the study of effects has come 

from the validation of the western fence lizard (Sceloporus occidentalis) and eastern 

fence lizard (Sceloporus undulatus) as model species for toxicological research (Talent et 

al. 2002).  This model has been subsequently used for determining the toxic effects of 

explosives and Pb on reptiles (McFarland et al. 2008; McFarland et al. 2009; Suski et al. 

2008; Salice et al. 2009). Despite an increase in reports of effects, there continues to be a 

lack of research investigating exposure for reptiles (Smith et al. 2007, Weir et al. 2010). 
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Both effects and exposure data are needed to determine the risk of contaminants to 

reptiles.   

It is generally considered that dietary exposure is a relatively larger proportion of 

total exposure than dermal and inhalation (Sample et al. 1997). For birds and mammals, 

endothermic physiology requires an active lifestyle including large dietary intake to 

maintain homeostasis. Therefore, dietary exposure is necessarily high, and this can be 

predicted using allometric equations of energetic demands (Nagy et al. 1999) combined 

with knowledge of residues on/in ingested material. In addition, historically, risk 

assessments have used only dietary exposure to predict risk. A conservative diet exposure 

estimate (e.g. body residues of insects are in the 95
th

 percentile) is used to account for 

possible exposure due to dermal and inhalation routes. It is assumed that using these 

conservative assumptions takes the small dermal and inhalation exposure into 

consideration.  

Reptiles, specifically, are considered to have tough impermeable integument. 

However, a great deal of research has been conducted on the skin of reptiles, and it is 

found that keratin and other proteins provide strength, while lipids provide water 

impermeability (Roberts and Lillywhite 1980). If skin lipids are providing 

impermeability in reptiles, this has great implications for dermal exposure. Reptiles 

adapted to dry environments should be expected to have greater dermal exposure to 

lipophilic contaminants. However, skin lipid content may also be intrinsically tied to the 

environmental conditions in which the reptiles were raised. For example, if food is 

extremely limited for a long period, skin lipid content should decrease, however this has 

never been empirically tested. Dmi‟El (2001) reported that individuals within the same 
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species collected from regions with different climates had different rates of evaporative 

water loss, suggesting an environmental control, rather than a genetic control to skin lipid 

content.  

There is much evidence to suggest that dermal exposure is more important than 

previously considered for birds. Driver et al. (1991) performed the most complete 

investigation of routes of exposure to date. Wind tunnel exposures to methyl-parathion 

resulted in dermal exposure contributing the largest proportion of total exposure at 8, 24, 

and 48 hours following application. Inhalation exposure was important within the first 4 

hours, but soon became negligible. Throughout the entire experiment, dietary exposure 

was an important exposure route (> 20% of total exposure) however a large portion of 

total dietary exposure was due to preening (approximately 50%).  Exposure of pigeons to 

three organophosphate insecticides via oral and dermal exposure resulted in decreased 

plasma cholinesterase activity (Henderson et al. 1994). Oral exposure concentrations 

(0.5-10 mg/kg) were much lower than dermal concentrations (17-113 mg/kg). Oral 

exposure resulted in greater mortality, but interestingly, dermal exposure resulted in 

greater depression of plasma cholinesterase activity. In addition, recovery from dermal 

exposure was slower than in dietary exposure (Henderson et al. 1994).  

There is also a small amount of data available for reptiles to suggest that dermal 

exposure is more important than previously considered. For example, Brooks et al. 

(1998a) found that several chemicals, at relatively similar concentrations (e.g. same order 

of magnitude) resulted in mortality via oral and dermal exposure. However, oral toxicity 

was always at a lower concentration than dermal (Brooks et al. 1998a). Talent (2005) 

exposed green anoles to aquatic solutions of pyrethrins, and significant mortality 
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occurred following short exposure to the contaminated water. Field evidence provides 

conflicting results regarding the importance of dermal exposure for reptiles. Alexander et 

al (2002) reported significant mortality to lizards following direct application of 

deltamethrin to skin. In addition, lizards exposed “indirectly” (i.e. contaminated soil) also 

had significant mortality. This corresponds to a decrease in abundance of lizards 

following spraying of deltamethrin in the field. Interestingly, an earlier study on the 

effects of deltamethrin spraying on lizards found no significant effects on abundance 

(Lambert 1994). It is important to note that Alexander et al. (2002) recorded data for 

several months, while Lambert (1994) collected data for only one month.  

Understanding exposure also requires understanding ecology and natural history.  

One area that has received much attention is the effect of habitat use on exposure. There 

are several spatially explicit exposure models available for terrestrial wildlife (Pastorok et 

al. 1996).  However, despite a large amount of research on the effect of habitat use and 

home range size on exposure, very little research has been conducted to determine the 

effects of ecology on exposure. For example, perceived predators may cause a lizard to 

spend more time in its refuge and less time foraging for food (Downes 2008). This could 

subsequently lower dietary exposure. At the same time, if the refuge is itself 

contaminated with a highly bioaccumulative chemical (e.g. PCBs) then dermal exposure 

may subsequently increase. Likewise, a shortage of prey may cause a lizard to spend 

more time foraging to find food. In this case, the lizard will likely receive lower dietary 

exposure, but because it is spending more time foraging, it could receive greater dermal 

exposure. Having a better understanding of dermal contaminant exposure will improve 

ecological risk assessments in the previous examples.  
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Reptiles will likely remain understudied in ecotoxicology. Reptiles are not 

required test subjects under current regulations (e.g. the Federal Insecticide Fungicide 

and Rodenticide Act), and this is unlikely to change in the future. With so little reptile 

toxicity data available, performing reptile-specific risk assessments will remain 

challenging, even if we increase our understanding of exposure. One potential solution to 

this problem is creating predictive relationships between toxicity estimates of more 

common subjects such as birds and mammals. Recently, Mineau (2012) compared bird 

dermal LD50s to mammalian dermal LD50s to better understand the role of dermal 

toxicity in birds. Most dermal toxicity data available is mammalian as a surrogate for 

human health. Mineau (2012) found that strong predictive relationships could be created 

between mammal and bird dermal LD50s. Perhaps if more reptile toxicity data is created, 

similar relationships could be created to aid the predicting of reptile oral or dermal LD50s 

from bird LD50s.   

To improve the risk assessment process for reptiles, increased understanding of 

both toxicity and exposure is necessary. Currently research regarding both topics is 

relatively rare for reptiles. However, if research is performed with a goal of 

understanding both exposure and toxicity in reptiles, they may be more useful ecological 

receptors in future ecological risk assessments.  

The purpose of this research is several-fold. First, the use of birds as surrogates 

for reptiles in risk assessment will be examined. Second, we wish to determine the 

relative importance of dermal exposure compared to dietary exposure in lizards (as a 

proxy for all squamate reptiles). Third, we examine compare the toxicity of oral and 

dermal exposure of several pesticides to reptiles followed by an attempt to draw 
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relationships between reptile and bird oral LD50s. Finally, we present a case study in 

non-dietary exposure routes with reptiles to illustrate the utility of understanding both 

non-dietary exposure and toxicity. We conclude with a summary of the research and 

propose an exposure hypothesis to guide future research.   
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ABSTRACT 

 

A large data gap for reptile ecotoxicology still persists; therefore, ecological risk 

assessments of reptiles usually incorporate the use of surrogate species.  This necessitates 

that (1) the surrogate is at least as sensitive as the target taxon and/or (2) exposures to the 

surrogate are greater than that of the target taxon. We evaluated these assumptions for the 

use of birds as surrogates for reptiles.  Based on a survey of the literature, birds were 

more sensitive than reptiles in less than 1/4 of the chemicals investigated. Dietary and 

dermal exposure modeling indicated that exposure to reptiles was relatively high, 

particularly when the dermal route was considered.  We conclude that caution is 

warranted in the use of avian receptors as surrogates for reptiles in ecological risk 

assessment and emphasize the need to better understand the magnitude and mechanism of 

contaminant exposure in reptiles to improve exposure and risk estimation.  
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2.1 INTRODUCTION 

 Reptiles are considered a globally declining taxon (Gibbons et al., 2000).  

Hypotheses for reptile decline include: habitat loss and degradation, invasive species, 

disease/parasitism, global climate change, and environmental pollution (Gibbons et al., 

2000). Our understanding of pollutant effects on reptiles is still lacking despite long-

standing and well-recognized data gaps (Hopkins, 2000; Sparling et al., 2010).  In 

general, past reptile studies have focused on measuring body burdens of various 

pollutants from samples collected in the field (Meyers-Schöne, 2000).  While these data 

are useful for understanding historical exposures of given populations, the actual risks 

and population-level effects of pollutants on reptiles is still largely unknown and 

generally understudied.  Aside from research on the effects of endocrine disrupting 

compounds on alligators and snapping turtles (reviewed in Willingham, 2005), some 

progress has been made regarding certain contaminant groups such as explosives 

(McFarland et al., 2008; Suski et al., 2008; McFarland et al., 2009), organophosphates 

(Holem et al., 2006; Holem et al., 2008; Hall and Clark Jr., 1982; Sanchez et al., 1997; 

Sánchez-Hernández and Walker, 2000; and Bain et al., 2004), and heavy metals (Holem 

et al., 2006; Burger et al., 1998; Hopkins et al., 1999; Hopkins et al., 2002; Hopkins et 

al., 2005; Marco et al., 2004; Rich and Talent, 2009; Jones and Holladay, 2006; Brasfield 

et al., 2004; Mann et al., 2007, and Salice et al., 2009).  Also, efforts to develop and 

utilize a reptile toxicity-testing model (Talent et al., 2002; McFarland et al., 2008; Suski 

et al., 2008; McFarland et al., 2009; Salice et al., 2009) have been largely successful 

although no large-scale data development has ensued.  
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The abovementioned studies focus largely on understanding and/or developing 

methods to understand the effects of pollutants on reptiles.  These data are essential for 

risk assessments but represent only half of the equation, as risk is a function of both the 

effects of a given pollutant and the exposure level to that pollutant.  A review of the 

literature on reptile ecotoxicology indicates that few studies have focused on 

understanding the magnitude and mechanism of contaminant exposure in reptiles 

(Hopkins et al. 2002).  Generally, in ecological risk assessment (ERA), the most 

commonly considered route of exposure is dietary.  Despite multiple reports of 

significant dermal exposure in birds (Vyas et al., 2007; Driver et al., 1991) the dermal 

route is less likely to be considered for ecological risk assessment, owing to a general 

lack of dermal toxicity or exposure data.  Dermal toxicity studies are not required for 

ecological receptors under the Federal Insecticide Fungicide and Rodenticide Act 

(FIFRA).  If the dermal route is explicitly considered, it is possible that reptiles would 

receive higher relative exposure than birds, due to greater percentage body contact with 

soil and vegetation.  Direct assessment of the relative contribution of dermal exposure to 

total exposure of reptiles has not been reported, however a few studies indicate that 

dermal exposure could be significant (Talent, 2005; Brooks et al., 1998a,b; Alexander et 

al., 2002). 

As is common for most receptors in ERAs, avian exposure is estimated using 

mathematical models.  For example, the method used by the United States Environmental 

Protection Agency (USEPA) Office of Pesticide Programs for Tier 1 risk assessments 

incorporates avian allometric relationships for food consumption rates (USEPA, 1993) to 

estimate dietary exposure (USEPA, 2004; Terrestrial Residue Exposure Model [T-REX]). 
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Generally, dermal and inhalation exposures are not explicitly considered relative to the 

dietary exposure pathway except under certain scenarios (Sample et al., 1997). 

Alternatively, because conservative assumptions are used in estimating dietary exposures 

(e.g., 100% contaminated diet), dermal and inhalation exposure can be ignored.  In this 

case, high-end estimation of dietary exposure would be considered protective of dermal 

and inhalation exposure. Whether conservative assumptions related to dietary exposure 

are protective is relatively understudied although limited data suggest that dermal 

exposure in birds may be significant (Driver et al., 1991; Henderson et al., 1994: Vyas et 

al., 2007). An example is the past use of pesticides/deterrents to coat perching areas to 

control avian pests (Clark, 1997; e.g. “rid-a-bird” perches, Jackson, 1978). 

 As with birds, contaminant exposure to reptiles could occur via dietary, drinking 

water, dermal, and/or inhalation routes.  Soil ingestion has been shown to be a possible 

source of contaminants in geckos (Rich and Talent, 2009), which may also be applicable 

to other squamates (and wildlife in general, Beyer et al., 1994) and generally falls under 

dietary exposure. Dermal exposure of reptiles has been studied sparingly (Talent, 2005; 

Brooks et al., 1998a,b), making chemical-specific toxicity comparisons to other routes of 

uptake and mechanistic understanding difficult.  Dermal exposure may be significant for 

reptiles that maintain considerably greater proximity to soil than birds, although a 

common view is that the permeability and thickness of reptile epidermis, which can 

contain significant amounts of keratin and lipids (Pough et al., 2004), may reduce or 

eliminate exposure via the dermal route (Snodgrass et al., 2008).  However, skin 

permeability is more likely affected by lipid content, not keratin, which offers greater 

resistance to water movement (Roberts and Lillywhite, 1980; Palmer, 2000). If a high 
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lipid content of lizard epidermal tissue prevents water loss, it should consequently allow 

increased absorption of lipophilic material.  Conversely, a low lipid content of reptile 

epidermis may be permeable to water soluble contaminants.  The permeability of reptile 

epidermis to various contaminants has not been well studied (Hopkins, 2006).  

The lack of data regarding exposure and effects of pollutants on reptiles presents a 

challenge for assessing the ecological risks posed by pollutants to reptile populations.  In 

the face of significant uncertainties and data gaps, risk assessors frequently use a number 

of methods for deriving risk estimates.  Among these, the use of surrogate species is 

common (USEPA 2004).  As an example, birds have been used as surrogates for reptiles 

in ERA, both currently and historically (Sample et al., 1997) under the assumption that 

exposure to birds is likely higher than reptiles; therefore, avian risk estimates are 

protective of reptiles.  The basis of this assumption is that because reptiles have lower 

energy demands than birds, dietary exposures to reptiles are likely to be less because of a 

lower food intake compared to birds.  Although these assumptions are evident in some 

ERAs and perhaps in the field at large, they have not been fully reviewed or tested.  In 

order for birds to be considered suitable surrogates for reptiles in ERA the following 

critical assumptions must be met: (1) that birds are equally or more sensitive than reptiles 

to contaminants and/or (2) that contaminant exposure is higher because of greater avian 

energetic demands.  

 We review these two critical assumptions regarding the use of avian receptors as 

surrogates for reptilian receptors in ERAs.  To evaluate whether birds are more sensitive 

than reptiles (assumption one), we compared acute toxicity estimates for the same 

compound to both receptors.  To evaluate whether exposure is higher in birds than 
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reptiles (assumption two), we used dietary and dermal exposure models to determine 

under what circumstances and/or assumptions might exposure be unequal between birds 

and reptiles.  Finally we conclude with a discussion of the relative importance of different 

exposure routes to risk estimation, and provide recommendations with regard to future 

research efforts in reptile ecotoxicology. 

 

2.2 METHODS 

2.2.1 Comparison of Avian and Reptile Contaminant Sensitivity 

 A literature search was conducted for contaminant toxicity data for chemicals 

common to both avian and reptilian receptors.  Laboratory toxicity tests that reported 

mortality endpoints were used for comparison to reduce ambiguities associated with field 

studies, and behavioral or reproductive endpoints in different taxa.  Avian and reptilian 

studies were used for comparison if there was reasonable agreement in route of exposure 

and study duration.  In some cases, the paucity of reports on reptiles required comparing 

two studies with dissimilar routes of exposure or duration period to generate a sense of 

the relative taxa-specific sensitivity. 

For reports dated 1997 and earlier, two sources for toxicity values were used, the 

Reptile and Amphibian Toxicology Literature database (Pauli et al., 2000) and for lizards 

specifically, Campbell and Campbell (2000). For more recent reports on reptile 

toxicology, Google Scholar and the Science Citation Index were searched extensively.  It 

was quickly discovered that restricting search phrases would severely limit the number of 

reptile studies obtained.  Many studies were found fortuitously using multiple Boolean 



Texas Tech University, Scott M. Weir, May 2014 

 

17 

 

modifiers, for example: “(toxic* OR effect*) AND (reptile* OR lizard* OR snake* OR 

turtle*).”  

Avian toxicity review papers and databases were used as a source of information 

for multiple species and chemicals.  Schafer et al (1983), Tucker and Haegele (1971), and 

Mineau et al. (2001) provided a number of toxicity values for birds.  In cases where no 

(or few) published data were found, we used the Pesticide Ecotoxicity Database (PED 

2010).  Reports included in the PED are peer-reviewed but not be necessarily available in 

the primary literature (e.g., data required for pesticide registration under FIFRA). 

   

2.2.2 Comparison of Avian and Reptile Exposure to Contaminants  

Exposure models based on avian and reptile physiology and ecology were used to 

evaluate the relative expected dietary exposures to birds and reptiles.  In addition, 

because there is no comprehensive understanding of how dermal exposure contributes to 

toxicity in reptiles and because available evidence suggests it may be important (Brooks 

et al., 1998a, 1998b), we constructed a dermal exposure model to better understand the 

potential impact of dermal exposure to total exposure in reptiles.    

 Our dietary exposure models were based on estimates of daily energy 

requirements obtained from animals in the field (Sample et al., 1997; USEPA, 1993; 

USEPA, 2004).  Specifically, allometric equations of field metabolic rate (FMR, Nagy et 

al., 1999) were used to generate body-weight (BW) specific energy demands, and then 

subsequent doses (via ingestion) and risk estimates.  We used two different equations for 

each taxa to generate a range of potential exposures.  The allometric equations used for 

reptiles were: 
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(1)  FMR (kcal/d) = 0.0468 * (BW(g) ^ 0.889) 

(2)  FMR (kcal/d) = 0.0377 * (BW(g) ^ 1.009) 

Equation (1) was calculated as an average for all reptiles, and equation (2) represents a 

reptile with a larger metabolic demand (i.e., lizards in the family Lacertidae).  

For birds, the following allometric equations were used: 

(3) FMR  (kcal/d) = 2.508 * (BW(g) ^ 0.681) 

(4) FMR (kcal/d) = 0.203 * (BW(g) ^ 0.959) 

In which equation (3) is an average metabolic rate for all birds, and equation (4) is the 

average for birds in the order Galliformes (Nagy et al., 1999).  The order Galliformes 

includes the bobwhite quail, used in toxicity testing and registration of pesticides under 

FIFRA.  

The resulting equation for estimating dietary dose (DDiet) was: 

(5) DDiet (mg/kg BW/d) =  FMR(kcal/d) / (BW(g) * (Cinsects (mg/kg)) / (1.7 kcal/g) 

Where Cinsects was the concentration of contaminant residues on insects. We assumed that 

all species ingested insects (1.7 kcal/g) and insect residues were 45 µg/g (corresponds to 

a 1 lb/acre pesticide application rate based on the Kenaga nomogram, T-REX).  

We developed a dermal exposure model for birds and lizards that was based on an 

adapted version of the methods for exposure estimation used by USEPA (T-REX and 

EPA‟s Probabilistic Risk Assessment model [TIM]: 

http://www.epa.gov/opp00001/science/models_pg.htm) and is similar to a previously 

published model (Hope, 1995).  Our dermal exposure model was: 
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(6) DDermal (mg/kg BW/d) = (Kp(cm/h) * (0.30*SA(cm
2
) / H(cm)) * T(h/d) * 

CSoil(mg/m
2
) * BF) / BW(g) 

Where DDermal is the calculated dose associated with dermal exposure. Kp is the chemical-

specific permeability coefficient estimated from Walker et al. (2003). The value of Kp we 

selected represents an average value for all chemicals that were more toxic to reptiles 

than to birds (see results: Literature survey: effects).  SA stands for surface area; for 

lizards it was calculated using a relationship derived for salamander as a proxy SA = 8.42 

* BW
0.694

 with 30% of the total used for dermal exposure, for birds SA = 10 * BW
0.667 

with 7% of the total used to represent dermal exposure through feet (USEPA, 1993). T is 

the duration of contact between the organism and contaminated soil and is assumed to be 

12 hours per day. This value does not represent the total time in contact with soil, which 

could be more or less depending on preferred habitat (e.g. arboreal lizards and ground-

dwelling snakes). CSoil is the soil concentration based on 1 lb/acre application spread 

evenly over 1 acre of soil (112 mg/m
2
) and mixed evenly to a depth of 1 cm. It was 

assumed that only the first mm of soil was in contact with skin, therefore Csoil = 11.2 

mg/m
2
. BF is an absorption factor adjustment to account for the bioavailability of 

contaminants from soil. Skin thickness, H, was estimated as 1% of the body radius (r) 

calculated as: 

(7) r = (-h + sqrt(h^2 + (2*π*SA))) / (2*π) 

in which h represents the height of a cylinder which is equivalent to the snout-vent length 

of a lizard. The value of 1% was chosen so that the snout-vent length data reported by 

Pough (1973), for multiple species of lizards, would provide results that were similar to 

reported skin thickness in geckos (i.e. 0.22 – 0.36 mm, Bauer et al. 1989), A range of skin 
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thickness was created using  snout-vent lengths that corresponded to body weights used 

in our models. No skin thickness estimates for avian feet were found; therefore, this value 

was set as the mean of skin thicknesses used for reptiles: 0.5 mm.  

 To better understand the ecological risk implications of differential toxicity and 

exposure in avian and reptilian receptors, we generated estimates of risk in the form of 

hazard (or risk) quotients.  These are standard, unitless values obtained from dividing 

exposure estimates by toxicity estimates and provide a screening-level assessment of the 

potential for adverse effects.  In our simulations we used chemicals identified in the 

literature survey as being more toxic to reptiles than birds (rotenone, pyrethrins, and 

diphacinone) since, under these circumstances, birds may be used as surrogates for 

reptiles and hence, should be protective.  For chemicals with the greatest difference in 

acute toxicity between reptiles and birds, we determined an average relative sensitivity 

for reptiles compared to birds by taking the mean of the ratio between reptile and bird 

Lethal Doses (LD50s) (Table 1.1).  For example, the avian LD50 for pyrethrins is 5620 

mg/kg and for reptiles it is 15 mg/kg, the ratio of these two values is 374.6.  This was 

done for pyrethrins, rotenone, and diphacinone.  The average was then used as an 

example of a “worst case scenario” in which birds were used as surrogates for a 

theoretical chemical to which reptiles were 179 times more sensitive (Table 1.1).  Note 

that the intent of this modeling exercise was to compare the exposure for avian and 

reptilian receptors and hence, while we used reasonable parameter estimates and 

assumptions (e.g. residue concentrations and energy content of insects), we recognize 

variation or more detailed information regarding parameters can have significant impacts 

on model results and conclusions.    



Texas Tech University, Scott M. Weir, May 2014 

 

21 

 

 

2.3 RESULTS 

2.3.1 Literature Survey: Effects 

 A survey of the literature yielded 17 reports of laboratory toxicity data involving 

reptiles exposed to 15 different chemicals.  Thirteen reports containing data on the same 

15 chemicals were located for birds.  The results for birds and reptiles are summarized in 

Table 1.2. Reptiles were more sensitive to 5 out of 15 chemicals. For 3 out of 15 

chemicals, birds were more sensitive than reptiles.  For the remaining 7 chemicals, the 

data found were either inconclusive (n=2), or birds and reptiles were more or less 

equivalent in their sensitivity to the chemical (n=5). Inconclusive results were attributable 

to differences in study design, exposure route, duration of study, or endpoints measured.  

 

2.3.2 Explosives 

 An appreciable amount of data on the toxicity of military-related compounds to 

both birds and reptiles has been generated.  Lizards were more sensitive than birds to 

acute doses of RDX (McFarland et al., 2009; Gogal Jr. et al., 2003), and subchronic doses 

of TNT (McFarland et al., 2008; Johnson et al., 2005a; Gogal Jr. et al., 2002).  For both 

acute and subchronic doses of DNT, birds were more sensitive than reptiles (Suski et al., 

2008; Johnson et al., 2005b).  

 

2.3.3 Cholinesterase Inhibitors 

 Toxicity data from four organophosphate (OP) insecticides (malathion, parathion, 

propoxur, and fenitrothion) suggested that birds were either more sensitive to OPs or 
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were of equivalent sensitivity to reptiles.  Birds appeared to be much more sensitive to 

parathion than reptiles (Tucker and Haegele, 1971; Mineau et al., 2001; Schafer et al., 

1983; Hall and Clark Jr., 1982; Yawetz et al., 1983).  Fenitrothion results were variable, 

and there was little reptile data on which to make comparisons.  Data on cholinesterarse 

inhibition by fenitrothion showed that the zebra finch (Poephila guttata) was more 

sensitive (Holmes and Boag 1990) than the central bearded dragon (Pogona vitticeps) 

(Bain et al. 2004).  For mortality associated with fenitrothion exposure, Bain et al. (2004) 

dosed central bearded dragons with up to 20 mg/kg without any mortality, while the 

median LD50 of 12 avian species was 63.43 mg/kg (Mineau et al., 2001).  Additionally, 

the LD50s of red-winged blackbird (Agelaius phoeniceus), European starlings (Sturnus 

vulgaris), and coturnix quail (Coturnix coturnix) were 20.5, 11, and 56 mg/kg, 

respectively, suggesting that birds were more sensitive to fenitrothion than reptiles 

(Schafer et al., 1983).  Birds and reptiles appeared to have equivalent sensitivities to 

malathion (Mineau et al., 2001; Schafer et al., 1983; McEwen and Brown, 1966; Hall and 

Clark Jr., 1982; Özelmas and Akay, 1995; Holem et al., 2006, 2008) and propoxur 

(Schafer et al., 1983; Tucker and Haegele, 1971; Mineau et al., 2001; Brooks et al., 

1998a). 

 

2.3.4 Other Contaminant Groups 

 Pyrethrins (and their pyrethroid derivatives) are a group of neurotoxic insecticides 

that appeared much more toxic to reptiles than birds (Talent, 2005; Brooks et al., 1998 

a,b; PED, 2010).  Reports of avian toxicity from pyrethroids were uncommon due the 

general low to moderate toxicity of this class of chemicals to avian receptors.  This is 
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reflected, for example, in the high avian LD50 of  >5000 mg/kg for pyrethrins (PED, 

2010).   

Toxicity data for rotenone (a piscicide) indicated that reptiles may have much 

greater sensitivity than birds.  The estimated LD50 for brown tree snakes exposed to 

rotenone was 2 mg/kg (Brooks et al., 1998a), while LD50s from multiple avian species 

ranged between 113 and 3000 mg/kg (Cutkomp, 1943).  Mallard and ring-necked 

pheasant LD50s were >2200 mg/kg and 1680 mg/kg, respectively (PED, 2010).  For two 

additional chemicals, results are sparse and more data are needed for both birds and 

reptiles.  First, diphacinone (anti-coagulant) appeared to be far more toxic to reptiles than 

birds (Brooks et al., 1998a; PED, 2010).  Lead (in the form of lead acetate) also appeared 

to be equivalently toxic to reptiles and birds (Burger et al., 1998; Holem et al., 2006; 

Salice et al., 2009; Damron and Wilson, 1975) but avian toxicity data for lead acetate is 

not common, with a greater historical focus on lead shot.  Also, route of exposure 

differed between the lead studies, with oral gavage used in the reptile studies, and a 

feeding study used for quail (Damron and Wilson, 1975).   

For the remaining chemicals (fipronil, fluoroacetamide, sodium fluoroacetate and 

thiophanate-methyl) birds or reptiles either had equivalent sensitivity (fipronil), birds 

were more sensitive (sodium fluoroacetate), or the interpretation of results was 

confounded by differences in study design (fluoroacetamide, thiophanate-methyl).  

Fipronil caused 50% mortality to fringe-toed lizards at a concentration of 30 mg/kg dosed 

in food (Peveling and Demba, 2003).  The median LD50 for several avian species ranged 

from 31- 45.41 mg/kg (Mineau et al., 2001; Kitulagodage et al., 2008; PED 2010).  The 

LD50 reported for bobwhite quail was much higher than for other avian species (1065 
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mg/kg; PED, 2010).  The LD50 of the fungicicde thiophanate-methyl, administered via 

intraperitoneal injection, to the lizard Podarcis sicula was 900 mg/kg (Sciarrillo et al., 

2008), and 4640 mg/kg for bobwhite quail (oral exposure, PED, 2010).  However, route 

of exposure and duration (8 days for bobwhite, 15 days for lizard) differed. Finally, one 

study of the toxic effects of fluoroacetamide (1081, a rodenticide) on multiple avian 

predator species and several snakes was conducted by exposing both groups to dosed 

prey (Braverman, 1979).  Concentrations were low (snakes < 0.8 mg/kg, birds < 3.4 

mg/kg) and no mortality was found in any group, with the exception of one heron that 

died after exposure to 3.4 mg/kg in food.  The median oral LD50 of fluoroacetamide to 

two unspecified species of birds was 9.46 mg/kg (Mineau et al., 2001).  The results for 

1081 could be expected to be similar as those for sodium fluoroacetate (1080, also a 

rodenticide) in which birds appeared to be much more sensitive than reptiles (Tucker and 

Haegele, 1971; Twigg and Mead, 1990; Mineau et al., 2001). 

 

2.3.5 Simulation Modeling: Exposure 

 Allometric equations of field metabolic rate (Nagy et al., 1999) showed that birds 

have much greater energy demands than reptiles (Figure 1).  Hence, if only dietary 

exposure is considered birds are likely to receive a greater dose of a contaminant than 

reptiles from similar diets (e.g., 3-5 times greater, Figure 2).  This held true as body mass 

increased.   

Estimates of risk in the form of hazard quotients provided additional insight into 

the relative differences between birds and reptiles.  For these simulations, we chose to 

average the proportion of bird:reptile LD50 data to use as a general placeholder for a 
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chemical that is more toxic to reptiles than birds.  We used this approach because suitable 

reptile data was available for few chemicals only (rotenone, pyrethrins, and diphacinone).  

Despite greater avian energy demands, risk estimates for dietary exposure were higher for 

reptiles than birds owing to the greater toxicity to reptiles (Figure 3).  The results were 

consistent throughout a range of body weights for both taxa.   

Dermal exposure modeling suggested that under the specified assumptions (e.g., 

surface area contact, same duration of exposure), reptiles have the potential to receive 

higher dermal exposures than birds (Figure 4).  Intuitively, as mass increases, the ratio of 

surface area to volume decreases and dermal exposure would likewise decrease (Figure 

4). Even if the fraction of contaminant that was bioavailable through dermal uptake was 

moderate (e.g., 10%) then dermal uptake would be much greater than dietary exposure 

for reptiles below 150 g and approximately equal to diet above 150 g (Figure 4).  

 For reptiles, the bioavailability factor that caused equal exposure via dietary and 

dermal routes was between 2 and 10% using equation (1) representing allometric data for 

all reptiles (Figure 5a). Under the assumptions in the dermal model, dermal exposure in 

birds was not a significant route of exposure relative to dietary exposure (Figure 5b) 

except when bioavailability was very high. This was the result of a smaller surface area in 

contact with the soil (7% for birds compared to 30% for reptiles), and because the dietary 

exposure was higher in birds than reptiles.   

To gain a better sense of the conditions that determine the relative contribution of 

dietary and dermal exposure to total exposure, we conducted a series of simulations in 

which we varied the soil bioavailability factor (BF).  As expected, as bioavailability 

decreased, the contribution of dermal exposure to total exposure decreased as well.  If a 
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moderate BF of 10% was assumed, when dermal and dietary exposures were combined 

the relationship between bird and reptile exposure did not change greatly from that of diet 

alone, although at low body weights, reptile exposure showed a much greater increase 

relative to diet alone (Figure 6a).  However, if a contaminant is particularly toxic to 

reptiles but not to birds, including dermal exposure can greatly increase risk to reptiles 

with almost no increase in risk to birds (Figure 6b). 

 

2.4 DISCUSSION 

Reptiles are among the least studied taxa in ecotoxicology.  This is true despite 

the well recognized data gaps in understanding how environmental pollutants impact 

individuals and populations (Hopkins 2000; Sparling et al. 2010) and concerns that 

environmental pollutants may contribute to reptile population declines (Gibbons et al. 

2000).  The lack of data on the effects of xenobiotics is likely due to lack of a regulatory 

requirement for toxicity testing on reptiles.  The paucity of information on the 

mechanisms and relative magnitudes of xenobiotic exposure to reptiles may similarly be 

driven by a lack of legal requirements for data (e.g, FIFRA) and perhaps a greater appeal 

among researchers to evaluate effects and/or body residues as opposed to exposure.  As 

such, assessing risks to surrogate organisms is one method for assessing risks to a taxon 

in the absence of data specific to that taxon.  For reptiles, avian receptors have and can be 

used as surrogates for risk estimation based on the assumptions that (1) birds are as or 

more sensitive to contaminants than reptiles and (2) exposures are higher in birds 

compared to reptiles because of higher avian energetic demands.  Our evaluations of 

these assumptions suggest that, in light of current data (and lack thereof), these are not 
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valid in all cases. Reptiles appear to be more sensitive than birds for some chemicals and 

consideration of dermal exposure may be important for both taxa but particularly for 

reptiles. 

The lack of reptilian toxicity data limited our findings because a large sample set 

of avian and reptilian chemical-specific toxicity data were not available.  The fact that for 

five out of fifteen chemicals for which avian and reptile data were available, reptiles 

appeared to be more sensitive to contaminants than birds was somewhat surprising and 

further corroborates the need for wider toxicity testing of reptiles.  To that end, the use of 

the Western fence lizard (Sceloporus occidentalis) as a toxicity-testing model may be 

helpful (Talent et al. 2002; Suski et al. 2008; McFarland et al. 2008; Salice et al. 2009).    

In addition to differences in sensitivity to toxicants among reptilian and avian 

receptors, the magnitude and nature of exposure may differ greatly between the groups, 

further confounding efforts to use avian receptors as surrogates for reptilian risk.  This 

research focus has received almost no attention with regards to reptiles, and furthermore, 

is generally lacking for birds as well.  Specifically, we found that for dietary exposure 

only, birds did have higher exposures, as expected, but that risks to reptiles could exceed 

that of birds for compounds that are more toxic to reptiles.  When we included dermal 

exposure, however, total exposure (dermal +diet) to reptiles was similar to total exposure 

to galliformes, but was still below total exposure levels for all birds (Figure 6a). If a 

higher bioavailability was considered (e.g. 25-50%) then total exposure to reptiles could 

increase to levels equal to avian total exposure (data not shown). Importantly, the dermal 

exposure route could be significant for both reptiles (Talent 2005; Brooks et al. 1998a,b; 
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Alexander et al. 2002) and birds (Vyas et al. 2007; Driver et al. 1991; Henderson et al. 

1994) and should receive greater research attention. 

 As with any model, our dermal exposure models included assumptions and 

highlighted uncertainties that may limit the application of such models until further 

research is conducted.  First we assumed the surface area in contact with soil is the only 

route of dermal exposure, and direct application of a pesticide or contact with vegetation, 

was not included in the model, but could be significant for both reptiles and birds (Driver 

et al. 1991; Brooks et al. 1998a,b; Talent et al. 2005). We used a simplifying assumption 

of 30 and 7% surface area in contact with soil for reptiles and birds, respectively, to gain 

some insight into relative magnitude of dermal exposure for these taxa. These are likely 

not representative of all reptiles and birds under all scenarios. As an example, for arboreal 

reptiles 30% would be an overestimate, while for many snakes 30% is an underestimate.  

 Duration of time spent in contact with soil and the duration of time exposed to 

contaminated soils are qualitatively different. Our estimate of exposure incorporated the 

duration of exposure to contaminated soils only. Contaminants are frequently 

heterogeneously distributed and differential use of habitats can lead to different exposure 

durations.  For example, if a lizard forages on a contaminated substrate but takes refuge 

in some uncontaminated substrate, then exposure would only occur during foraging. We 

assumed a 12 hour exposure duration as a way to account for differential habitat use in a 

24 hour day. This is an important parameter and warrants further research as exposure 

duration is likely to vary with species, time of day, and season. Importantly, specific 

behavioral activities were not included in the model although it is reasonable to speculate 
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that behavior will dramatically impact exposure; this again represents an understudied 

element of contaminant exposure.  

Also, bioavailability is soil- and contaminant-specific as organic content in the 

soil can vary substantially among sites. For example soil bioavailability can vary from 

0.1 to 18% for a variety of chemicals (Ehlers and Luthy 2003).  Finally, uptake across the 

reptile epidermis is a source of uncertainty as lipid content of the epidermis varies within 

and among reptile species and can have a significant impact on the uptake of both 

lipophilic and/or hydrophilic chemicals.  Despite the assumptions and uncertainties, the 

results of the modeling exercise suggest that dermal exposure may be important for 

reptiles and that additional research on the mechanisms and magnitude of different 

exposure routes in reptiles is needed. 

 In addition to our model results, empirical evidence suggests that dermal exposure 

can be important.  Although data are few, several studies have shown that dermal 

exposure to birds can be significant and can perhaps exceed dietary exposures under 

particular conditions (Driver et al. 1991; Henderson et al. 1994; Vyas et al. 2007).  Risk 

models that predicted bird mortality from field pesticide sprays were significantly 

improved by inclusion of a variable representing relative oral to dermal toxicity, which 

the author stressed should be included in future risk assessments (Mineau 2002). Reports 

that quantitatively evaluated or compared routes of exposure for reptiles are rare.  One 

comparison of oral and dermal toxicity of multiple chemicals to the brown tree snake 

(Boiga irregularis) found that both routes could cause significant toxicity, with the oral 

route causing toxicity at lower concentrations (Brooks et al. 1998a).  Dermal exposure 

caused mortality to brown tree snakes exposed to 3 insecticide foggers, but no mortality 
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was seen in snakes exposed via inhalation (Brooks et al. 1998b).  Talent (2005) exposed 

lizards to a pyrethrins formulation (300 mg/L pyrethrins) including a synergist (piperonyl 

butoxide, 3000 mg/L) by dipping the body of the lizard in the stock solution for 2 

seconds and then maintaining the lizards at multiple temperatures for 48 hours.  

Following exposure to the formulation, mortality occurred in all treatment groups (Talent 

2005).  An enclosure study involving 2 species of lizards found significant mortality from 

dermal exposure to deltamethrin.  Dermal exposure was both directly applied to the body, 

and “indirectly” acquired from contaminated soil. Field surveys conducted over the 5 

month period reported significant reductions in abundance (>50% reduction) for both 

species of lizards (Alexander et al. 2002). These results contrast with those of Lambert 

(1994) who reported no significant effect of deltamethrin spraying on lizard species in the 

field, but did not perform a controlled toxicity test of deltamethrin on the lizards. 

It is often considered that reptiles have a tough skin that is relatively impermeable 

to water. However, skin permeability (i.e. water loss) varies among reptilian species 

(Gans et al. 1968), and those with greater lipid content will have increased absorption of 

lipid soluble compounds, while those with lower lipid content may have increased 

absorption of polar, water-soluble compounds (Palmer 2000).  In addition, some lizards 

may exhibit skin permeability plasticity depending upon the environment to which they 

are acclimated (Kattan and Lillywhite 1989).  However, Agugliaro and Reinert (2005) 

reported that skin permeability to water of timber rattlesnakes from hardwood deciduous 

forests and lowland coastal wetlands did not significantly differ.  Interestingly, Agugliaro 

and Reinert (2005) found that skin permeability to water differed between juveniles and 
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adults of the timber rattlesnake (Crotalus horridus).  Certainly, more research is required 

to determine the relative absorption capabilities within and among reptilian species.  

 

2.5 CONCLUSIONS 

 We found that birds are not universally more sensitive than reptiles to 

contaminants, with the exception of cholinesterase inhibitors and sodium fluoroacetate 

(1080).  Reptiles were more sensitive than birds to 5 out of 15 chemicals for which 

reliable, comparable, data could be found.  However, the reptile toxicity dataset is 

severely lacking and as a decade ago, more toxicity data on reptiles is needed.  The use of 

the Western fence lizard as a toxicity testing model may prove useful for generating 

toxicity data but research on other lizard species as well as turtles and snakes would be 

valuable.    

Avian receptors are generally expected to receive greater dietary exposure than 

reptiles because endothermy is energetically demanding; our dietary exposure models 

corroborated this.  However, if reptiles are more sensitive than birds for a given chemical, 

the use of avian receptors as surrogates for reptiles may not be protective.  Moreover, 

dermal exposure could potentially be an important pathway for reptiles as indicated by 

the limited empirical data (Talent 2005; Brooks et al. 1998a,b) and our model results.  

Our dermal exposure models, by necessity, included many assumptions but suggest that 

concerted research on exposure in reptiles is warranted and may reduce uncertainties 

associated with reptilian ERAs.  
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Table 2.1 Ratios of lethal endpoints for reptiles and birds used in risk and exposure 

models. The lowest avian endpoints were used when multiple LD50 values were 

available. Ratios represent a measure of relative risk to reptiles compared to birds. 

For example, pyrethrins are 374 times more toxic to reptiles than birds. The average 

of the three ratios was then used to represent a hypothetical chemical to which 

reptiles were 179 times more sensitive than birds.  

 

Chemical Lowest avian LD50 Reptile LD50 
Ratio          

(Bird:Reptile LD50) 

Pyrethrins 5620 15 374.6 

Rotenone 113 2 56.5 

Diphacinone 3158 30 105.3 

Hypothetical Chemical - - 178.8 
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Table 2.2 Summary of comparable reptile and bird acute toxicity literature. 

Chemical Conclusions
a
 Species Exposure Duration Endpoint Results Reference 

RDX R 
      

  
Bobwhite Oral 

Acute (14 day 

observation) 
LD50 

187 mg/kg (males)                                   

280 mg/kg  (females) 
1 

  

Western 

Fence Lizard 
Oral 

Acute (14 day 

observation) 
LD50 

72 mg/kg (males)                                                 

88 mg/kg (females) 
2 

  
Bobwhite Dosed Feed 

Subchronic (90 

days) 

Survival, body 

weight, food 

consumption 

Feed consumption 

and weight loss 

decreased initially, 

but birds acclimated 

by the third week. No 

significant decrease in 

survival 

1 

  

Western 

Fence Lizard 
Oral 

Subchronic (60 

days) 

Survival, growth 

rate, food 

consumption 

> 5 mg/kg/d = 

decreased growth and 

food consumption                                     

> 8 mg/kg/d = 

decreased survival 

2 
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TNT R 
      

  
Pigeon Oral 60 day 

Chromaturia 

prevalence, Body 

Weight, and Feed 

Consumption 

>70 mg/kg = 

increased 

chromaturia, 200 

mg/kg = decreased 

body weight, no 

decrease in food 

consumption 

3 

  

Western 

Fence Lizard 
Oral 60 day 

Chromaturia 

prevalence, Body 

Weight, and Feed 

Consumption 

 >35 mg/kg = 

increased 

chromaturia, 45 

mg/kg = decreased 

body weight,  >35 

mg/kg = decreased 

feed consumption 

4 

  
Bobwhite Dosed Feed 90 day 

Body weight, Feed 

consumption, 

Hematology 

No changes in body 

weight or feed 

consumption, blood 

parameters decreased 

in a dose-response 

pattern 

5 

DNT B 
      

  
Bobwhite Oral Acute LD50 55 mg/kg 6 

  

Western 

Fence Lizard 
Oral Acute LD50 

380 mg/kg (males)                                  

577 mg/kg (females) 
7 
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Bobwhite Oral 

Subacute (14 

day) 
Mortality 

> 35 mg/kg = 100% 

Mortality 
6 

  

Western 

Fence Lizard 
Oral 

Subacute (14 

day) 
Mortality 

33% Mortality in 100 

mg/kg/d   100% 

Mortality in 200 

mg/kg/d 

7 

Malathion E 
      

  

Sharp-tailed 

Grouse 
Oral 25-60 days Mortality  

16.7% mortality in 

171-200 and 221-240. 

50% mortality in 221-

240.  

8 

  

Redwinged 

Blackbird 
Oral 

Acute (duration 

not reported) 
LD50 LD50 = 400 mg/kg 9 

  

8 avian 

species 

(unspecified) 

Oral 
Acute (duration 

not reported) 
Median LD50 

Median LD50 = 

466.5 mg/kg 
10 

  
Dwarf Lizard Not Reported 

Acute (duration 

not reported) 
LD50 LD50 = 169.8 mg/kg 11 

  
Green Anole Oral 24 hours 24hr LD50 LD50 = 2324 mg/kg 12 

  

Western 

Fence Lizard 
Oral 

Sing dose, 13 

days observation 
Mortality 

20% mortality in the 

200 mg/kg dose 

group 

13 
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Western 

Fence Lizard 
Oral  

Dose every 27 

days (81 day 

observation) 

Mortality 

8% mortality in the 

20 mg/kg dose group, 

23% mortality in the 

100 mg/kg dose 

group 

14 

Parathion E 
      

  

6 avian 

species  
Oral 

Observed for 14 

days 
LD50 

Mean LD50 = 8.39 

mg/kg                     

min = 2.13 max = 

24.0 

15 

  

19 avian 

species 

(unspecified) 

Oral 
Acute (duration 

not reported) 
Median LD50 

Median LD50 = 5.62 

mg/kg 
10 

  

7 avian 

species  
Oral 

Acute (duration 

not reported) 
LD50 

Mean LD50 = 3.18 

mg/kg                     

min = 1.33 max = 

5.62 

9 

  
Green Anole Oral 24 hours LD50 LD50 = 8.9 mg/kg 12 

  

Caspian 

Terrapin 
Oral 4 Days LD50 LD50 = 10 mg/kg 16 

Fenitrothion B 
      

  
Zebra Finch Oral 

Acute (10 day 

observation) 

Plasma ChE 

inhibition, 

mortality 

All doses caused 

significant plasma 

ChE inhibition up to 

12 hrs post dose. 10 

17 
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and 30% mortality in 

4 and 11 mg/kg dose 

group, respectively 

  

12 avian 

species  

(unspecified) 

Oral 
Acute (duration 

not reported) 
Median LD50 

Median LD50 = 

63.43 mg/kg 
10 

  

5 avian 

species  
Oral 

Acute (duration 

not reported) 
LD50 

Mean LD50 = 144 

mg/kg                      

min = 11 max = 316 

9 

  

Central 

Bearded 

Dragon 

Oral 
Acute (3 week 

observation) 

Plasma ChE 

inhibition 

High dose group (20 

mg/kg) had 

significantly inhibited 

plasma ChE for up 5 

days post-dose. No 

mortality. 

18 

Propoxur E 
      

  

6 avian 

species  
Oral 

Observed for 14 

days 
LD50 

Mean LD50 = 26.2 

mg/kg                     

min = 11.9 max = 

60.4 

15 

  

10 avian 

species 
Oral 

Acute (duration 

not reported) 
LD50 

Mean LD50 = 14.2 

mg/kg                     

min = 3.83 max = 

42.2 

9 

  

23 avian 

species 

(unspecified) 

Oral 
Acute (duration 

not reported) 
Median LD50 

Median LD50 = 

11.76 mg/kg 
10 
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Brown Tree 

Snake 
Oral 

7 days 

observation 
Mortality 

LD50 = 15 mg/kg 

(estimated from data) 
20 

Pyrethrins R 
      

  
Bobwhite Dosed Feed 8 days LC50 LC50 = 5620 mg/kg 19 

  
Green Anole

b
 Dermal 

2 second dermal 

exposure, 48 

hour observation 

LC50 

LC50 = 77.6 mg/L 

(@ 20 C)                            

45% mortality for 300 

mg/L (@ 35 C)  

21 

  

Brown Tree 

Snake 
Oral 

72 Hours 

observation 
Mortality 

LD50 = 15 mg/kg 

(estimated from data) 
20 

Fipronil  E 
      

  
Zebra Finch

c
 Oral 

Acute (4 week 

observation) 
LD50 LD50 = 45.41 mg/kg 22 

  

Ring-necked 

Pheasant 
Oral 14 days LD50 LD50 = 31 mg/kg 19 

  

7 avian 

species 

(unspecified) 

Oral 
Acute (duration 

not reported) 
Median LD50 

Median LD50 = 

39.19 mg/kg 
10 
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Bobwhite Oral 21 days LD50 LD50 = 1065 mg/kg 19 

  

Fringe-toed 

lizard
c
 

Dosed feed 
Acute (4 week 

observation) 
Mortality 

50% mortality at 30 

mg/kg 
23 

Diphacinone R 
      

  
Mallard Oral 

14 days 

observation 
LD50 LD50 = 3158 19 

  

Brown Tree 

Snake 
Oral 

7 days 

observation 
Mortality 

LD50 = 30 mg/kg 

(estimated from data) 
20 

Sodium 

Fluoroacetate 

(1080) 

B 
      

  

6 avian 

species  
Oral 

Observed for 14 

days 
LD50 

Mean LD50 = 7.33 

mg/kg                     

min = 3.0 max = 17.7 

15 

  

2 Species 

(Red-winged 

blackbird, 

European 

Starling) 

Oral 
Acute (duration  

not reported) 
LD50 

Blackbird LD50 = 

4.22 mg/kg                  

Starling LD50 = 2.37 

mg/kg 

9 

  

55 avian 

species 

(unspecified) 

Oral 
Acute (duration 

not reported) 
Median LD50 

Median LD50 = 5.46 

mg/kg 
10 
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Shingleback 

skink 

Intraperitoneal 

Injection 

15 day 

observation 
LD50 

LD50 for naïve 

skinks = 200 mg/kg 
24 

Fluoro-

acetamide 

(1081) 

I 
      

  

Multiple 

birds of prey 

Consumption 

of dosed prey 
8 - 21 days Mortality 

Mortality in one 

heron after 21 days of 

a 3.4 mg/kg dose, 

otherwise, no 

mortality to any 

species after 0.2-3.4 

mg/kg dose 

25 

  

2 avian 

species 

(unspecified) 

Oral 
Acute (duration 

not reported) 
Median LD50 

Median LD50 = 9.46 

mg/kg 
10 

  

Multiple 

snakes 

Consumption 

of dosed prey 
1 - 41 days Mortality 

No mortality in any 

snakes exposed to 

0.1-0.8 mg/kg 

25 

Rotenone R 
      

  

Mallard, 

Ring-necked 

Pheasant 

Oral 
14 days 

observation 
LD50 

Mallard LD50 = 

>2200 mg/kg     

Pheasant LD50 = 

1680 

19 

  

9 avian 

species  
Oral 12-24 hours LD50 

LD50 ranged from 

113 - 3000 mg/kg 
26 
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Brown Tree 

Snake 
Oral 

72 Hours 

observation 
Mortality 

LD50 = 2 mg/kg 

(estimated from data) 
20 

Methyl-

Thiophanate 
I 

      

  
Bobwhite Oral 8 days LD50 LD50 = 4640 mg/kg 19 

  

Lizard 

(Podarcis 

sicula) 

Intraperitoneal 

Injection 

Acute (15 day 

observation) 
LD50 LD50 = 900 mg/kg 27 

Lead (Lead 

Acetate) 
E 

      

  

Bobwhite (6 

week old) 
Dosed Feed 6 weeks Mortality 

17, 19, and 47% 

mortality in 1000, 

2000, and 3000 ppm 

treatments, 

respectively 

28 

  

Western 

Fence Lizard 

Single oral 

dose 
13 days Mortality 

30% mortality in 

1000 mg/kg dose 

group 

13 

  

Western 

Fence Lizard 

Single oral 

dose 
< 7 days 

Approximate 

lethal dose 
ALD = 2000 mg/kg 29 

    

Red-eared 

Slider 

(hatchlings) 

Single Oral 

dose 
4 months Mortality 

LD50 = 500 mg/kg                              

NOEL = 100 mg/kg 
30 
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a
Species listed: Bobwhite (Colinus virginianus), Western fence lizard (Sceloporus occidentalis), Pigeon (Columbia livia), Sharp-tailed grouse 

(Tympanuchus phasianellus), Red-winged blackbird (Agelaius phoeniceus),  Dwarf lizard (Lacerta parva), Green anole (Anolis carolinensis), Caspian 

terrapin (Mauremys caspica rivulata), Zebra finch (Poephila guttata), Central bearded dragon (Pogona vitticeps), Brown tree snake (Boiga irregularis), 

Ring-necked pheasant (Phasianus colchicus), Fringe-toed lizard (Acanthodactylus dumerili), Mallard (Anas platyrhyncos), European starling (Sturnus 

vulgaris), Shingleback skink (Tiliqua rugosa),  
b
 R = Reptilian receptor more sensitive, A = Avian receptor more sensitive, E = Equivalent sensitivity, I = Inconclusive given the data 

c
Green anoles were exposed to a formulation of pyrethrins that included a pirperonyl butoxide synergist 

d
A formulation of fipronil was used in these studies, in which a dispersal solvent may add to toxicity 

e
References: 1. Gogal Jr. et al. 2003, 2. McFarland et al. 2009, 3. Johnson et al. 2005b, 4. McFarland et al. 2008, 5. Gogal Jr. et al. 2002, 6. Johnson et 

al. 2005a, 7. Suski et al. 2008, 8. McEwen and Brown 1966, 9. Schafer et al. 1983, 10. Mineau et al. 2001, 11. Özelmas and Akay 1995, 12. Hall and 

Clark Jr. 1982, 13. Holem et al. 2006, 14. Holem et al. 2008, 15. Tucker and Haegele 1971, 16. Yawetz et al. 1983, 17. Holmes and Boag 1990, 18. Bain 

et al. 2004, 19. PED 2010, 20. Brooks et al. 1998a, 21. Talent 2005, 22. Kitulagodage et al. 2008, 23. Peveling and Demba 2003, 24. Twigg and Mead 

1990, 25. Braverman 1979, 26. Cutkomp 1943, 27. Sciarrillo et al. 2008, 28. Damron and Wilson 1975, 29. Salice et al. 2009, 30. Burger et al. 1998.
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Figure 2.1 Energy demands (kcal/d) for birds and reptiles as a function of body 

weight(g) based on allometric equations (Nagy et al. 1999). See text for models 

used for birds and reptiles. “All birds” and “All reptiles” represent average 

equations from multiple species across multiple taxa for each group. 

“Galliformes” and “Lacertid lizards” refer to average equations for species from 

the specific group represented. Galliformes represent the bird group with the 

least metabolic demand, while lacertid lizards represent the group of reptiles 

with the greatest metabolic demand. 
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Figure 2.2  Estimated daily dietary dose (mg/kg/d) of a contaminant for birds and 

reptiles based upon allometric equations used in Figure 1 and prey common to 

terrestrial birds and reptiles (insect, 1.7 kcal/g) with a body residue of 45 mg/kg. 

See text for complete explanation of models.  
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Figure 2.3  Estimated risk for birds and reptiles from a contaminant. Risk is 

determined by dividing daily dose (Figure 2) by the LD50 of the contaminant to 

reptiles or birds and is a Hazard (or Risk) Quotient. In this example, LD50 data 

was determined by taking the average of the relative proportion of LD50s for 

birds and reptiles for rotenone, pyrethrins, and diphacinone (see Table 1) to 

visualize the potential differences between reptiles and birds for chemicals which 

were specifically more toxic to reptiles than birds. 
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Figure 2.4  Estimated daily dermal dose (mg/kg/d) for a contaminant for reptiles 

with 3 different bioavailability factors (BF) to account for uncertainty in the 

dermal exposure model (see text). A BF of 0.1 indicates that 10% of the 

contaminant in the soil was available for uptake, and so on for 0.25 and 0.5. For 

comparison, lines represent dermal exposures for birds and reptiles, while points 

indicated data for dietary exposure for both reptile groups. Data for rotenone (Kp 

= 0.146) was used for the dermal exposure in this model, and may represent any 

generally hydrophobic chemical with a high Kp.  
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Figure 2.5  Relationship between the bioavailability factor (BF) and body weight 

for different ratios of dermal to dietary exposure for reptiles (A) and birds (B). 

The bioavailability factor represents the proportion of a contaminant in soil that 

is bioavailable for dermal uptake to a reptile, which addresses an aspect of 

uncertainty in modeling dermal exposure in reptiles and birds.  Note that as 

weight increased, a greater bioavailability was needed to maintain the ratio of 

dermal to diet, due to decreased surface area to volume ratio. Also note the much 

greater bioavailability needed for birds due to a smaller surface area in contact 

with the soil (7%) compared to reptiles (30%). 
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Figure 2.6  Exposure (A) and risk (B) estimates for dermal and dietary exposures 

combined. Risk was calculated as total exposure (diet + dermal) divided by the 

LD50 for the contaminant (LD50s are based on the average proportion of bird 

LD50 to reptile LD50, see Table 1). A moderate bioavailability factor of 10% was 

used to model dermal exposure for birds and reptiles. See text for models used. 
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ABSTRACT 

Despite widespread recognition of significant data deficiencies, reptiles remain 

a relatively understudied taxon in ecotoxicology. To conduct ecological risk 

assessments on reptiles frequently requires using surrogate taxa such as birds, but 

recent research suggests that reptiles have significantly different exposure profiles and 

toxicant sensitivity. In particular, dermal contaminant exposure may be relatively 

more important for reptiles although data on reptile contaminant exposure are 

extremely lacking. We exposed western fence lizards, Sceloporus occidentalis, to the 

same quantities via oral (gavage) and dermal (ventral skin application) of three model 

chemicals for either 24 or 48 hours. Three phthalate esters were chosen as model 

chemicals because they represent a gradient of lipophilicity (approximately 1.5-8.0 log 

Kow) but are otherwise structurally similar. Overall, there were few effects of phthalate 

congener on concentrations in orally administered treatments, suggesting that for 

contaminants with log Kow in the range of 1.5-7.5 a similar dose results in similar body 

burdens for oral exposure. The one exception was DIBP, in which body burdens were 

greater than DMP and DNOP for adipose samples. Similar to oral exposure, dermal 

exposure showed few differences between phthalate concentrations in tissues. 

However, DMP always had fewer detections (except in ventral skin samples), 

suggesting that lipophilicity (log Kow > 2) is a requirement for uptake across the skin. 

In general, tissue residues were similar between dermal and oral exposure with few 

significant differences for specific tissues. For adipose samples, body residues were 

significantly greater for oral than for dermal at both 24 and 48 hours, driven 
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specifically by differences in DNOP. In liver at 48 hours, DNOP residues were higher 

from lizards exposed dermally compared to those exposed orally. For whole blood, no 

significant differences were found in body residues. Ventral skin samples had 

significantly greater residue from dermal exposures compared to oral. Using the 

number of detections as a proxy for exposure, oral exposure had more detections than 

dermal for liver samples, but dermal exposure had more detections than oral for 

ventral skin samples. Taken together these results suggest that dermal exposure should 

be considered in risk assessments for reptilian receptors. Dermal exposure may be an 

especially important route for reptiles as their ectothermic physiology translates to 

lower energetic demands and dietary exposure compared to birds and mammals.  
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3.1 INTRODUCTION 

 Reptiles appear to be declining globally, and contaminants are one of many 

possible stressors contributing to these declines (Gibbons et al. 2000). Despite 

recognition that chemical contaminants can and do impact reptiles, the taxon remains 

understudied in ecotoxicology (Sparling et al. 2010, Weir et al. 2010) despite several 

calls for more research (Hopkins 2000, Campbell and Campbell 2002). One of the 

consequences of a lack of ecotoxicity and exposure data is that ecological risk 

assessment (ERA) on a reptilian species will have considerable uncertainty reducing 

the utility of assessment results for sound management decision-making. Because of a 

lack of reptile specific data, birds are often used as surrogates for reptiles in ERAs. 

The use of avian surrogates in reptile ERAs, however, may be inappropriate and could 

result in grossly underestimating risk under certain exposure scenarios, or when 

reptiles are far more sensitive than birds to a particular contaminant (Weir et al. 2010). 

In addition, there has been an increased interest in explicitly considering reptiles and 

amphibians in the risk assessment process (see, for example, EFSA PPR Panel 2013) 

Unfortunately, so few data on reptile ecotoxicity data are available that even a 

generalized understanding of contaminant toxicity and exposure is elusive in this 

taxon. 

The introduction of the western fence lizard (Sceloporus occidentalis) as a 

vetted model organism for reptile ecotoxicity studies (Talent et al. 2002) has played a 

large role in increasing the availability of reptile toxicity data in recent years on metals 

(Salice et al. 2009) pesticides (DuRant et al. 2007) and compounds of military 
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importance (Suski et al. 2008). However, both estimates of exposure and estimates of 

toxicity are needed to conduct meaningful ERAs.  Experimental investigations of the 

dynamics and importance of contaminant exposure are rare for most terrestrial taxa 

(Smith et al. 2007) and, to our knowledge; no data on the nature and extent of 

contaminant exposure exist for any reptile species. 

Current approaches in ecological risk assessment generally focus on dietary 

exposure as the sole (or dominant) route of contaminant exposure such that other 

routes are infrequently considered (e.g., USEPA 2004). There has been a recent surge 

in interest regarding the explicit incorporation of dermal exposure into ecological risk 

assessments (Mineau 2011, Salice and Weir 2011). Dermal contaminant exposure may 

be more important than dietary exposure immediately following a pesticide spray, 

even in birds which generally have very high dietary exposure as a result of high 

energetic demands (Driver et al. 1991, Vyas et al. 2007). The relative importance of 

dermal exposure is likely to be especially significant for reptiles as their lower 

metabolic rate results is much lower daily feeding events than birds and mammals. 

Reptiles would therefore be expected to have less dietary exposure than birds and 

mammals. Importantly, because reptiles have a high percentage of body surface area 

potentially in contact with a contaminated substrate, the relative contribution of 

dermal exposure may be quite high (Weir et al. 2010).  

The purpose of this research was twofold. The first objective was to determine 

the relative importance of dermal and oral contaminant exposure in a model reptile, 

the western fence lizard under controlled laboratory conditions. Secondly, we sought 
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to determine the role of lipophilicity in understanding and potentially predicting the 

relative importance of oral and dermal exposure to total contaminant exposure. To 

address these objectives, we exposed western fence lizards to three phthalate esters 

representing a lipophilicity gradient via both oral and dermal routes. We discuss 

results in light of the need to improve ERAs for reptiles.   

 

3.2 MATERIALS AND METHODS 

3.2.1 Study Organisms 

 Male, adult, western fence lizards, Sceloporus occidentalis, were acquired 

from the western fence lizard colony maintained at Oklahoma State University on 

August 18
th

 2011. Lizards were held individually in plastic containers measuring 11 

cm deep x 15.5 cm wide x 28.5 cm long. Containers had 1 kg of a locally collected top 

soil placed on the bottom as substrate. Lizards were provided a small water dish (10 

mL volume) for ad libitum drinking. Lizards were fed 2 large mealworms 

(approximate weight = 0.15 g) every other day prior to initiation of experiments. The 

lizards were given a 14:10 light dark cycle and a heat lamp was provided for 6 hrs 

each day for thermoregulation. The heat lamp created a gradient of approximately 26-

34°C within the container when the lamps were on. When the lamps were off, 

temperatures were maintained at 23+2°C.  

 

3.2.2 Model Chemicals 
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 Three phthalate esters were chosen as “model chemicals” to represent a 

gradient of lipophilicity. Phthalates are useful model contaminants for exposure 

studies because they become more lipophilic as the length of the side chain increases; 

however, there is relatively little change in the overall structure of the chemical. This 

reduces the possible confounding factor of chemical structure on dermal and 

gastrointestinal absorption. Phthalate esters are also not very acutely toxic even at high 

exposure levels, so exposure concentrations that will increase the probability of 

detection will not cause acute toxicity, which may affect metabolism and other 

physiological processes. The chosen phthalates with associated log Kow values 

(summarized in Cousins and Mackay 2000) were: di-methyl phthalate (DMP, logKow  

range: 1.4-1.9), di-iso-butyl phthalate (DiBP, logKow range: 4.11-4.27), and di-n-

octyl phthalate (DnOP, logKow = 5.22-8.18). 

We acquired pure phthalates from Chemservice (Westchester, PA, USA). The 

purified form of phthalates is liquid not solid. Therefore, our doses were applied 

without requiring a carrier solvent. In order to ensure that each lizard was given the 

same dose, we used a pipette to provide a 10 µL dose of each phthalate to each lizard. 

We kept the dosing volume the same across all three phthalates. Each phthalate had a 

different density so a 10 µL dose resulted in different masses applied for each 

phthalate. The mean mass (+ SE) of 10 µL of each phthalate from 3 repeated 

measurements on a balance was: 8.71 + 0.02g for DMP, 9.56 + 0.17g for DIBP, and 

11.19 + 0.52 for DNOP. 
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3.2.3 Phthalate Oral and Dermal Dosing 

Lizards were divided into 6 treatments: 24 hour controls (water gavage, n = 6), 

48 hour controls (water gavage, n = 6), 24 hour oral exposure (phthalate gavage, n = 

12), 48 hour oral exposure (phthalate gavage, n = 12), 24 hour dermal exposure 

(phthalate applied to belly, n = 12), and 48 hour dermal exposure (phthalate applied to 

belly, n = 12). 

Oral exposure was conducted as a pseudo-gavage. The method has been 

described previously (Suski et al. 2008, Salice et al. 2009). Rather than intubate the 

lizards, repeatable and accurate dosing can be achieved with a micropipette and it is 

less stressful for the organism. We used an Eppendorf micropipette with a volume 

range of 2-20 µL. The oral dosing method requires two researchers, one to firmly hold 

the lizard and to pull gently but firmly on the dewlap to slowly open the lizard‟s 

mouth. The second researcher then places the pipette tip towards the rear of the mouth 

and administers the dose. When the dewlap of the lizard is released, lizards will 

instantly close their mouths and swallow the given dose.   

Dermal dosing was conducted using the same mircopipette as oral dosing. The 

dose was placed on the ventral surface (belly). The location of dosing for each 

phthalate was randomized among 3 specific locations on the ventral surface: anterior, 

medial, or posterior ventral (Figure 1). All dermal doses were administered anterior to 

the pelvic girdle and posterior to the throat.  Following dose application dermal 

treatment lizards were held for approximately 1 minute for the phthalate solution to 

dry/absorb to limit loss of the chemical to substrate.  
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3.2.4 Euthanasia and Necropsy 

 Twenty-four or 48 hours after exposure, lizards were euthanized according to 

approved methods using CO2 exposure followed by decapitation. After decapitation, 

blood was collected in pre-weighed vials for later chemical extraction. A large section 

of ventral skin was taken for analysis. All necropsy equipment was cleaned and new 

surgical blades were used after removing ventral skin to prevent cross-contamination. 

We then collected adipose tissue, liver, kidney, testes, and a portion of dorsal skin for 

comparative purposes to ventral skin. All tissues and the remaining carcass were 

frozen at -80°C until extraction and analysis. 

 

3.2.5 Chemical Extraction and Analysis 

 All tissue samples were first extracted with methylene chloride (MeCl2). 

Adipose and blood samples were spiked with 10 µL of a 100 µg/mL internal standard 

(d4 deuterated di-ethyl phthalate). Adipose and liver samples were placed in a fume 

hood to dry for 24 hours. Ventral skin and blood were not dried prior to extraction. 

Samples were placed in glass vials with Na2SO4 to remove any remaining water and 

samples were ground with glass stir rods. Skin samples were not ground with Na2SO4 

(MeCl2 only). We added 8 mL of MeCl2 to adipose tissue samples, 4 mL of MeCl2 to 

liver, blood, and skin samples. All samples were then placed on a VWR orbital shaker 

(VWR International) at 250 rpm for 24 hours. After agitating samples for 24 hours, an 

aliquot of 2 mL (adipose and liver samples) or 2-4 mL (blood and skin) of the 
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extractant was filtered through a 0.45 µm PTFE syringe filter and concentrated to 1 

mL using a nitrogen evaporator (adipose and liver samples, N-Evap 111, 

Organomation Associates Inc) or a rotary evaporator (blood and skin samples, Buchi 

R-124 Rotavapor).  

 Phthalates were quantified using a GC/MS (HP 6890/5793) equipped with a 

DB-5 column (30 m x 250 um x 0.25 um). All quantitation was conducted in selective 

ion monitoring mode using m/z 163 as the quant ion for DMP, m/z 153 for d4 di-ethyl 

phthalate, and m/z 149 for DiBP and DnOP. Concentrations in samples were not 

corrected for method recovery as differences between oral and dermal were generally 

slight and we were interested in relative residues rather than absolute residue 

concentrations. Instrumental method detection limits, the concentrations at which the 

root mean square signal to noise ratio (S/N) = 6, ranged from 0.7-8 ppb depending on 

phthalate congener and specific tissues. The one exception is an MDL of 30 ppb for 

DnOP in liver samples.   

 We ran a calibration curve with every set of samples and accepted calibrations 

with a linear R
2
 > 0.99. We ran standard checks and blank checks throughout sample 

runs during analysis. At the end of each sequence we ran replicate samples. We 

accepted standard checks when they were within + 20% of the response of the 

calibration standards. Replicate samples were accepted when the relative percent 

difference (RPD) was < 20%. Phthalates were not detected in any MeCl2 blanks. If 

any QA/QC samples failed, the entire set of samples was rerun with all QA/QC 

parameters repeated until acceptance criteria were passed. Extraction efficiency for 
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d4-DEP was generally low but was consistent across treatments. For adipose tissue 

samples extraction efficiency averaged 41.4 % (+ 1.7% SE) for oral treatments and 

40.9 % (+ 1.9% SE) for dermal treatments. Extraction efficiencies in blood samples 

averaged 71.5% (+ 2.7% SE) for oral treatments and 53% (+ 1.6% SE) for dermal 

treatments.  

 

3.2.6. Statistical Analysis 

All statistical analyses were performed using R statistical software version 

2.15.0 (R Development Core Team 2012). A two-way analysis of variance (ANOVA) 

was used for both 24 and 48 hour tissue residue data. Our two independent factors 

were phthalate congener (effect of lipophilicity) and contaminant exposure route (oral 

or dermal). Post-hoc comparisons were conducted using Tukey‟s HSD test. A-priori 

planned comparisons were conducted specifically to determine if there were any 

differences between oral and dermal exposure for a single phthalate congener. As an 

example, we were only interested in whether there was a significant difference 

between oral and dermal DIBP, not if oral DMP was significantly different than 

dermal DIBP. Assumptions of ANOVA were tested using a Shapiro-Wilk‟s test 

(normality) and a Bartlett Test (homoscedasticity). When violations of assumptions 

occurred, a log transformation was applied and data retested for assumptions. Rather 

than average all data including those below reporting limits as either “0” or “1/2 the 

reporting limit”, we tested for differences in the number of detections and compared 

only detected data with the above-mentioned ANOVA.  Hence, the number of 
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detections was treated as a 2 x 3 contingency table and differences between treatments 

was analyzed by a chi-square analysis using Fisher‟s exact test. This method was used 

rather than other methods to account for nondetects (see Helsel 2005) for two reasons. 

First, some treatments had no detections for some tissues (see results, usually DMP in 

oral or dermal treatments) and there is no way to remove non-detections when all the 

data in a given treatment consists of nondetections. Second, many of the suggested 

alternatives (Helsel 2005) are for simple one-factor comparisons (e.g., Kruskal-Wallis 

test) and we were specifically interested in two factors (and their interaction) making 

parametric methods preferable.  

 

3.3 RESULTS 

 Phthalates were very rarely detected in control lizards. Out of 12 samples from 

control lizards, DMP, DIBP, or DNOP were not detected in adipose or liver tissues. In 

blood, DIBP was detected in 7 samples with a mean concentration of 207.7 ng/g (+ 

49.74 SE). In skin samples, DIBP and DNOP were detected in 6 samples each with 

means + SE (ng/g) of 188.47 (+ 18.7) and 364.4 (+ 108.3), respectively. Because 

detections were relatively infrequent and of low concentration relative to treatment 

samples, concentrations detected in control sample tissues were not subtracted from 

treatment samples. 

 

3.3.1 Adipose Tissue  
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 For adipose tissues 24 hours after exposure there was a significant difference 

between exposure routes (F1,49 = 13.38, p < 0.001) and among phthalate types (F2,49 = 

11.49, p < 0.001) , but no significant interaction (F2,49 = 1.72, p = 0.188; Figure 2). 

Results for adipose tissues 48 hours post exposure were similar with significant 

differences between exposure routes (F1,47 = 10.91, p < 0.002) and among phthalate 

congeners (F2,47 = 12.83, p < 0.001), but no significant interaction (F1,47 = 0.78, p = 

0.382; Figure 2). Differences between oral and dermal exposure were due to 

significantly greater tissue residues in lizards exposed orally than from dermally 

exposed animals when averaged across all phthalate congeners (p < 0.002 for both 24 

and 48 hour data). The effect of phthalate congener was due to generally higher 

concentrations of DIBP compared to DMP (p < 0.001 for both 24 and 48 hours) or 

DNOP (p < 0.002 for both 24 and 48 hours) across treatments. Post hoc analysis of 

adipose tissue residues indicated that the only significant difference between oral and 

dermal exposure occurred for DNOP for both 24 (p = 0.005) and 48 (p = 0.012) hours. 

For adipose tissue residues, there was no significant difference in the number of 

detections between treatments at either 24 (χ
2
 = 1.88, df = 2, p = 0.44) or 48 hours (χ

2
 

= 3.12, df = 2, p = 0.23).  

 

3.3.2 Liver  

 For phthalate residue concentrations in liver samples there were no significant 

differences due to treatment, phthalate congener, or their interaction at 24 hours (all p 

> 0.13, Figure 3). This was driven in large part by the lack of detections in both 
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treatments. At 48 hours, there was a significant difference between exposure routes 

(F1,15 = 10.59, p = 0.005) but not among phthalate congeners (F2,15 = 0.69, p = 0.51). 

We could not test for interactions due to the small number of replicates with detections 

in both oral and dermal treatments. The significant difference between treatments at 48 

hours was due to a higher DNOP concentration in liver tissues from lizards exposed 

dermally compared to orally. In addition, there was a significant difference between 

treatment on the number of detections at 24 (χ
2
 = 12.24, df = 2, p = 0.002) and 48 

hours (χ
2
 = 7.89, df = 2, p = 0.018) due in large part to greater DMP detections in oral 

treatments.  

 

3.3.3 Blood 

 Results of phthalate residues in blood were similar to liver samples, but with 

more detections overall. There were no significant differences between residue 

concentrations in liver of treatment, phthalate congener, or their interaction at 24 hours 

(all p > 0.322, Figure 4) or 48 hours (all p > 0.16, Figure 4). There was no significant 

difference in the number of detections from treatments at 24 hours (χ
2
 = 3.70, df = 2, p 

= 0.20) or 48 hours (χ
2
 = 0.71, df = 2, p = 0.70).  

 

3.3.4 Ventral Skin 

 Phthalate residues in ventral skin samples had a very different pattern than 

previous tissues (Figure 5). Ventral skin phthalate concentrations were much greater at 

both 24 and 48 hours in lizards exposed dermally compared to those exposed orally. 
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Residue concentrations were significantly different between oral and dermal exposure 

routes (F1,56 = 274.4, p < 0.001), phthalate congener (F2,56 = 17.35, p < 0.001), with a 

significant interaction (F2,56 = 6.59, p < 0.003) at 24 hours. Results for 48 hours were 

similar for each individual factor with strong differences resulting from treatment 

(F1,48 = 59.23, p < 0.001) and phthalate congener (F2,48 = 30.97, p < 0.001), but no 

significant interaction (F1,48 = 0.139, p = 0.711). There was no significant difference in 

the number of detections of phthalates between the two exposure routes for treatments 

at 24 hours (χ
2
 = 2.64, df = 2, p = 0.270), however there was a significant difference at 

48 (χ
2
 = 7.67, df = 2, p = 0.013) driven in large part by the decrease in DMP detections 

in oral treatments at 48 hours.  

 

3.4 DISCUSSION 

Exposure of lizards to the same quantity of phthalate via oral and dermal 

exposure routes resulted in similar body residues in most cases, and when there were 

significant differences between the two exposure routes, the differences in residue 

concentrations were generally not large. Overall these results suggest that similar 

quantities of chemicals that are delivered via oral and dermal exposure routes will 

result in similar uptake and subsequent body residues, at least within 48 hours. We had 

two estimates of exposure: tissue residue concentrations and the number of detections 

for each phthalate in each treatment. To our knowledge, this is the first study to 

explore the relative roles of dermal and oral exposure in contaminant uptake and 

distribution to tissues in any reptile species.   
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With few exceptions, adipose tissues had the highest number of detections with 

only dermal DMP having low detections. Concentrations of DIBP were generally 

higher than DNOP across treatments. One might expect that adipose concentrations 

should increase with increasing log Kow. However, contaminants that have very high 

log Kow coefficients may not follow intuitive patterns. For example, in aquatic 

systems, very hydrophobic chemicals (e.g., log Kow > 6) may not bioaccumulate as 

expected (Connell and Hawker 1988) compared to moderately lipophilic 

contaminants. In aqueous systems, it has been found that absorption across gill 

membranes is related to log Kow in the range of log Kow of 1-3, but beyond log Kow = 3 

chemicals appear to remain at the same bioaccumulation rate as lower log Kow values 

(McKim et al. 1985). Highly lipophilic contaminants (e.g., mirex, log Kow > 7) 

showed decreased absorption due to the extreme lipophilic nature of the chemicals. 

Our current results are not consistent enough to state that chemical movement across 

the skin is in agreement with the previous publications but it is suggestive of such a 

relationship. More research with a wider range of log Kow values would be needed.  

Liver samples had lower phthalate concentrations than fat samples with fewer 

detections across phthalate congeners. Low detections of phthalates in the liver may be 

related to the activity of metabolic enzymes which are high in the liver. Following oral 

exposure to radiolabeled phthalates, the highest proportions of residues were found in 

the gastro-intestinal tract, bile, and liver of various mammals (e.g., Ikeda et al. 1978, 

1980). After 4 days, a great majority of the radioactivity was found in the urine and 

feces, suggesting that the previous tissues were primarily responsible for metabolic 
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breakdown. We were unable to test for metabolic breakdown products of phthalates 

which may have been present in our samples. Blood samples had greater detections 

than liver samples. Parent compounds in blood samples up to 48 hours after exposure 

suggests relatively recent absorption of the phthalates from either skin or the 

gastrointestinal tract. Perhaps the slower reptile ectothermic physiology allowed the 

phthalates to continue to circulate in the blood stream even up to 48 hours after 

exposure.   

Concentrations of all three phthalates were very high in extracts of ventral skin 

samples from dermal exposure. It is expected that a great deal of the initial dermally 

administered quantity would still be contained on the outside of the skin or within the 

skin matrix. This result suggests that a dose adsorbed/absorbed to skin may be 

available for uptake for several days following exposure (Vyas et al. 2007). Dietary 

exposure, in contrast, is usually only available for uptake from the gastrointestinal 

track for 24-48 hours before excretion. Surprisingly, concentrations of phthalates were 

detected in ventral skin samples from oral treatments as well. Detections were highest 

for the more lipophilic phthalates (DIBP and DNOP). Skin has previously been shown 

to be an excretion route for reptiles for both heavy metals (Jones and Holladay 2006) 

and lipophilic organics (Jones et al. 2005, Jones et al. 2009). Because a relationship 

between dose and skin concentration was found, it was suggested that shed skins may 

provide a minimally invasive technique to determine exposure in wild snakes at 

contaminated sites. While our skins were not shed, it is likely that much of the residue 

in the skin would be lost during the shed cycle. Our results suggest that using shed 



Texas Tech University, Scott M. Weir, May 2014 

 

82 

 

skins for biomonitoring may represent both dermal exposure that was not absorbed 

into the body and excretion from dietary exposure. Separating the two exposure routes 

would be difficult for shed skins found in the wild as a proxy for dietary exposure. 

Generally, phthalate tissue residues were similar among congeners and only 

DNOP differed compared to the other two. Analysis of detections suggested oral 

dosing resulted in significantly greater exposure to DMP than dermal exposure. For 

DIBP and DNOP there were generally smaller differences in the number of detections 

between oral and dermal exposure. The effect of lipophilicity appeared to play a 

relatively small role in oral exposure treatments. The only significant difference for 

congeners across treatment was in adipose samples in which DIBP concentrations 

were greater than DMP and DNOP. For dermal exposure, there were always less DMP 

detections than DIBP and DNOP. The one exception was in ventral skin samples in 

which all phthalates were detected in all samples. This suggests that there is a 

threshold lipophilicity below which chemicals are not absorbed well across the skin.  

While there has been an increase in the availability of reptile toxicity data 

(LC50s, NOAELs, etc.) there are few, if any, studies that have investigated or 

estimated exposure in reptiles (but see Weir et al., 2010). Specifically with regard to 

dermal exposure, no actual exposure studies are available although several instances 

of dermal toxicity (Brooks et al., 1998a, Talent 2005, Alexander et al., 2002) clearly 

point to the potential role dermal exposure plays in manifestation of toxic effects. 

Toxicity is itself a proxy for exposure as toxicity indicates a certain proportion of the 

chemical has crossed the skin barrier and has been transported to a site of action. 
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Brooks et al. (1998a) exposed brown tree snakes to a variety of contaminants via both 

oral and dermal exposure routes. Oral exposure usually caused toxicity at lower doses 

than dermal exposure but estimated LD50s from both routes were always within an 

order of magnitude of each other. Our results agree with the Brooks et al. (1998a) 

results. In general oral exposure resulted in similar body residues as dermal, but in 

some cases oral exposure resulted in greater body residues or detections (e.g., most 

DMP residues, DNOP in fat samples). Other authors have reported significant reptile 

mortality following dermal exposure to pesticides (Brooks et al. 1998b, Alexander et 

al. 2002, Talent 2005). However, without quantifying internal body residues, it is not 

known which exposure routes results in greater body residues. 

Although ERAs for terrestrial wildlife generally focus on estimating exposure 

via the dietary route, there has been some interest in exploring the role of dermal 

exposure but the focus has been more on avian receptors and not reptiles. For 

example, following an experimental organophosphate pesticide spray, dermal 

exposure resulted in greater cholinesterase suppression than either inhalation or oral 

exposure in bobwhite quail (Colinus virginianus) from 8 to 48 hours post-spray 

(Driver et al. 1991). Domestic pigeons (Columba livia) exposed to three 

organophosphate pesticides via oral and dermal (feet application) exposure showed 

responses similar to Brooks et al. (1998a). Pigeons exposed orally had great mortality, 

but dermal exposure resulted in longer cholinesterase inhibition (Henderson et al. 

1994). This pattern may be occurring in our current results as well. Liver samples at 

48 hours had significantly greater DNOP concentrations from dermal exposure 
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compared to oral exposure (Figure 2). This is perhaps the result of continuing 

exposure to DNOP from external skin residues that are still being absorbed into 

circulation. Finally, birds inhabiting an orchard sprayed with azinphos-methyl had 

detectable concentrations on skin, feathers, and feet for up to 7 days post-spray (Vyas 

et al. 2007). Despite the evidence to suggest that dermal exposure is important for 

birds, regulatory assessments continue to emphasize dietary exposure over other 

exposure routes (Mineau 2011). Dermal exposure is ignored for several reasons. First, 

oral exposure is often overestimated, and it is considered that the relatively lower 

dermal exposure is taken into consideration by overestimating oral exposure Second, 

there is less data and fewer established models available for dermal exposure, likely 

because it is often ignored in risk assessments. This results in risk assessments that 

may be overly conservative and with a great deal of uncertainty with regards to 

exposure modeling. Improving our understanding of dermal exposure will help to 

improve models that can be used to estimate dermal exposure and risk.   

Previous research using mathematical models has shown that dermal exposure 

may be an important contribution to total exposure for reptiles (Weir et al. 2010). The 

current study generates data which confirms that given a similar dose, oral and dermal 

exposure can result in similar internal body residues. This study provides an important 

proof of concept regarding the importance of dermal exposure, but it also provides 

insight that can be applied within a risk assessment framework towards generating 

better exposure models and ultimately better risk estimates for reptiles. There are 

several factors that are important for estimating dermal exposure such as animal 
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behavior, surface area-to-body ratio, and chemical bioavailability. Physico-chemical 

properties such as log Kow can have significant impacts on chemical bioavailability. 

While there is a great deal of previous research on the subject of lipophilicity and skin 

permeability (see Walker et al. 2003), the current study integrates several steps of the 

dermal exposure pathway to show that log Kow can have a significant impact on 

chemical permeability and needs to be considered in dermal exposure modeling. 

Ultimately our data provide a starting point for improving the risk assessment process 

for reptiles. Inclusion of reptiles and amphibians in ecological risk assessments is 

increasing globally (EFSA PPR Panel 2013). In order to render reptiles as viable 

receptors for ecological risk assessments, a better understanding of both contaminant 

exposure and toxicity is needed.  

 

3.5 CONCLUSIONS 

 Our findings suggest that given similar doses, dermal and oral exposure will 

result in relatively similar body residues. Chemical properties play an important role in 

understanding the relative importance of oral and dermal exposure. For example, DMP 

(lower lipophilicity) was not well absorbed in either treatment in comparison to higher 

log Kow chemicals, but was better absorbed in oral treatments than dermal. 

Understanding the relationship between chemical properties and exposure routes will 

inform more accurate exposure models. In relation to ecological risk assessment, 

dermal exposure should not be ignored unless mathematical exposure models suggest 

that daily doses from dietary exposure will greatly exceed dermal doses. In addition, 
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better dermal exposure models are needed to provide realistic dermal exposure 

estimates to compare to dietary exposures. Interest in including reptiles in the 

ecological risk assessment process is increasing (EU citation). However, the history of 

risk assessment is based on knowledge of bird and mammal physiology and behavior. 

More research is needed to understand how the exposure scenarios of terrestrial 

reptiles differ from birds and mammals in order to accurately estimate exposure for 

these taxa. This research represents a first step in improving our understanding of 

contaminant exposure in reptiles. 
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Figure 3.1 Pictorial representation of dermal exposure regime. Dosing always 

occurred posterior to the neck and anterior to the pelvic girdle (solid black lines). 

The location of each phthalate was randomized to occur in either the area of 

anterior (A), medial (M), or posterior (P) ventral surface of the lizard.  
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Figure 3.2 Summary of phthalate congener concentrations in adipose tissues at 24 

and 48 hour time points. Data are presented as log10 means (ng/g + SE). 

Phthalate congeners are: di-methyl phthalate (DMP), di-iso-butyl phthalate 

(DIBP), and di-n-octyl phthalate (DNOP). Two-way ANOVA indicates a 

significant effect of treatment (oral or dermal) and phthalate congener, but no 

significant interaction for both 24 and 48 hour time points. There were no 

significant differences in the number of detections between treatments. See text 

for complete statistical information. An asterisk indicates a significant difference 

between oral and dermal treatments for a specific congener. Numbers above 

error bars indicate the number of detections out of 12 samples.  
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Figure 3.3 Summary of phthalate congener concentrations in liver samples at 24 

and 48 hour time points. Data are presented as log10 means (ng/g + SE). 

Phthalate congeners are: di-methyl phthalate (DMP), di-iso-butyl phthalate 

(DIBP), and di-n-octyl phthalate (DNOP). Two-way ANOVA indicates no 

significant effects of treatment, phthalate congener, or interaction for the 24 hour 

time points. At 48 hours, there was a significant effect of treatment driven by a 

significant difference between oral and dermal DNOP concentrations. There 

were significant effects of treatment on the number of detections at both 24 and 

48 hours, driven largely by the disparity in DMP detections between treatments. 

See text for complete statistical information. Numbers above error bars indicate 

the number of detections out of 12 samples.  
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Figure 3.4 Summary of phthalate congener concentrations in whole blood 

samples at 24 and 48 hour time points. Data are presented as log10 means (ng/g + 

SE). Phthalate congeners are: di-methyl phthalate (DMP), di-iso-butyl phthalate 

(DIBP), and di-n-octyl phthalate (DNOP). Two-way ANOVA indicates no 

significant effects of treatment, phthalate congener, or interaction for both 24 

and 48 hour time points. In addition there were no significant effects of treatment 

on the number of detections at both 24 and 48 hours. See text for complete 

statistical information. Numbers above error bars indicate the number of 

detections out of 12 samples. 
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Figure 3.5 Summary of phthalate congener concentrations in ventral skin 

samples at 24 (A) and 48 (B) hour time points. Data are presented as log10 means 

(ng/g + SE). Phthalate congeners are: di-methyl phthalate (DMP), di-iso-butyl 

phthalate (DIBP), and di-n-octyl phthalate (DNOP). Two-way ANOVA indicates 

significant effects of treatment, phthalate congener, and their interaction at 24 

hours. At 48 hours, there were significant effects of treatment and phthalate 

congener, with no significant interaction. There were no significant effects of 

treatment on the number of detections at 24 hours, but at 48 hours a significant 

effect is found driven by the low detections of DMP in oral treatments. See text 

for complete statistical information. Numbers above error bars indicate the 

number of detections out of 12 samples. At 48 hours, 2 oral treatment samples 

were lost during extraction and therefore detections listed are out of 10 samples.  
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ABSTRACT 

 Reptiles were historically and are currently understudied in the 

ecotoxicological literature, despite calls for more reptile toxicity research. Quantitative 

LD50s are relatively rare for reptiles, and a lack of toxicity data for reptiles, in part, 

prevents their use in ecological risk assessment. The goal of this research was to 

provide additional toxicity data for several pesticides to reptiles. In addition, we 

attempted to compare oral and dermal toxicity for the same pesticides to the Western 

fence lizard (Sceloporus occidentalis). We first provide pilot data on the use of 

different carriers for dosing reptiles. Volumes of up to 100 uL of water, propylene 

glycol, or acetone did not appear to cause any acute toxic effects. Examination of 

stomach and trachea following euthanization did not provide evidence for any gross 

pathology. Standard #5 gelatin capsules were dosed (empty) into 5 lizards and no 

signs of significant effects from the dosing were seen. After 48 hours, no evidence of 

capsules were found in the gut contents of the lizards suggesting complete digestion 

and dissolution of the capsules following dosing. We dosed lizards via oral and dermal 

exposure to endosulfan, lambda-cyhalothrin, chlorothalonil, and brodifacoum. Neither 

brodifacoum nor chlorothalonil caused mortality in our exposure up to 1750 µg/g (our 

chosen highest dose). Endosulfan was very toxic from oral exposures (LD50 = 9.8 

µg/g) while dermal toxicity was not found (LD50 > 1750 µg/g).  Lambda cyhalothrin 

was slightly toxic (LD50 = 916.5 µg/g), while dermal toxicity may be higher (> 1750 

µg/g). Using acetone as a carrier solvent resulted in very different effects for 

endosulfan compared to lambda-cyhalothrin. For lambda cyhalothrin using acetone 
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resulted in much greater oral toxicity (LD50 = 9.8 µg/g) and dermal toxicity (LD50 = 

17.5 µg/g). For endosulfan, oral toxicity with acetone was similar to the capsule 

dosing (LD50 = 9.8 µg/g). Dermal toxicity with acetone was similar, but slightly 

greater, than non-carrier dermal dosing (LD50 = 1332 µg/g). We combined our current 

data with previous reports of reptile LD50s and performed correlation analyses with 

data from the Pesticide Ecotoxicity Database maintained by the EPA. When all LD50 

data was included, no significant correlation was found between reptile and bird 

LD50s. Many chemicals were toxic to reptiles but not birds. When the low toxicity 

data was removed, a very strong correlation was found between reptile and bird 

LD50s. Our results suggest it is possible to build predictive relationships between bird 

and reptile LD50s, but much more research is needed to understand trends associated 

with chemical classes and modes of action and to determine when it is appropriate to 

build relationships between bird and reptile LD50s.   
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4.1 INTRODUCTION 

 Reptiles as a taxon have historically been relatively ignored in the 

ecotoxicological literature (Sparling et al. 2000, Campbell and Campbell 2002) and 

despite calls for more research (Hopkins 2000) reptiles remain understudied (Sparling 

et al. 2010). Pollution has been suggested as one of several contributing factors to 

global reptile declines (Gibbons et al. 2000), but little research has provided a 

causative link between pesticides and population effects in reptiles. Ultimately, 

ecological risk assessments (ERAs) are the main route by which ecological effects or 

consequences of chemical releases are assessed and mitigated. Performing an ERA 

with reptiles is extremely uncertain and, at times, very difficult due to a lack of 

available data (Meyers-Schone 2000) and little understanding of contaminant 

exposure.  

There are several reasons why reptiles remain understudied in the 

ecotoxicology field. First, reptiles are not mandatory test subjects under any federal 

regulations such as the Federal Insecticide Fungicide and Rodenticide Act. In addition, 

until the reporting of the western fence lizard (Talent et al. 2002) the field lacked a 

reliable model organism for laboratory-based research. Finally, aspects of reptilian 

natural history (ectothermy, basking behavior, etc) create additional difficulties in 

creating standardized laboratory methods. The majority of toxicity research (i.e., 

LD50s) on reptiles has been the result of research into eradication of the brown tree 

snake (Brooks et al. 1998a,b). While the Brooks et al (1998a) data provides a great 

deal of oral and dermal toxicity information, the toxicity tests are usually not robust 
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(e.g., < 3 concentrations tested in some cases), and could not be used in ERA or to 

generate quantitative toxicity data such as LD50s/LOAECs/NOAECs which could be 

compared to available bird/mammal data with the hope of developing an extrapolation 

model. Other reports of dermal toxicity of contaminants to reptiles (e.g., Alexander et 

al. 2002, Talent 2005) likewise were not designed to provide quantitative toxicity data. 

Quantitative reptile oral toxicity data is also relatively rare. The most complete and 

robust reptile toxicity data dates back to 1982 (Hall and Clark Jr. 1982). The 

remaining reptile quantitative toxicity estimates are often found individually with 

reports of sublethal or chronic toxicity of contaminants (e.g., Özelmas and Akay 1995; 

Suski et al. 2008; Salice et al. 2009; Bain et al. 2004).  

 Because reptiles have been the subject of little toxicological research, birds are 

often used as surrogates in risk assessments to represent reptiles. It is often assumed 

that birds receive greater contaminant exposure than reptiles, and that birds are more 

sensitive than reptiles. A recent review suggests that this may not be accurate under all 

circumstances (see Chapter 1, Weir et al. 2010). In some cases, reptiles may be more 

sensitive than birds (e.g., pyrethroid insecticides see Chapter 1). Ectothermic 

physiology may play a large role in the differences between birds and reptiles. 

Because reptiles are ectothermic, they generally eat less often than endothermic 

organisms, thus birds and mammals will receive a greater dietary exposure compared 

to reptiles (Weir et al. 2010). However, if initial metabolism reduces toxicity of a 

particular pesticide (e.g., pyrethroids), reptiles can be expected to be more sensitive to 

these chemicals because their metabolism is much lower.  More data are needed to 
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determine if metabolic enzyme physiology differences can be used to build predictive 

relationships between avian and reptile toxicity.  

 Because reptiles are not required test subjects under federal regulations, the 

most useful step in establishing a less uncertain approach to reptile risk assessments 

may be to build predictive relationships between reptile and bird toxicity estimates. 

There has been significant research into the relationship between oral and dermal 

toxicity for other taxa (e.g., birds). Mammals have been the subject of considerable 

dermal toxicity research as surrogates for humans in risk assessments and regulatory 

purposes. Birds often represent an important ecological receptor and have thus been 

the subject of significant research. A recent review of avian and mammalian 

dermal/oral toxicity data for pesticides concluded that mammalian skin penetration 

data could be applied to birds (Mineau 2012). In addition, avian DTI (dermal toxicity 

index, a ratio of oral:dermal toxicity) shows a close correlation to rat DTI for direct 

acting pesticides. Building relationships between either avian or mammalian data is 

difficult for reptiles because so little dermal or oral toxicity research has been 

conducted.   

 The purpose of this experiment was three-fold. First, we wanted to further 

develop reptile toxicity testing methods by examining the effects of common carrier 

solvents on reptiles. We are not aware of any previous research into the toxicity of 

solvent carriers on reptiles. Second, we evaluated the oral and dermal toxicity of 4 

pesticides from various pesticide classes to reptiles. Finally, we sought to establish a 

relationship between reptile and avian toxicity data. All of these purposes work 
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together to build toward a more standardized methodology for including reptiles in 

future ecotoxicity testing and ecological risk assessments.  

 

4.2 MATERIALS AND METHODS 

4.2.1 Study Organisms 

 Male, adult, western fence lizards, Sceloporus occidentalis, were acquired 

from the western fence lizard colony maintained at Oklahoma State University. 

Lizards were held individually in plastic containers measuring 11 cm deep x 15.5 cm 

wide x 28.5 cm long. Lizards were provided 1 kg of washed playground sand in each 

container as substrate. Lizards were also provided a small water dish (10 mL volume) 

for ad libitum drinking. Lizards were fed 2 large mealworms (approximate weight = 

0.15 g each) every other day prior to initiation of experiments. The lizards were given 

a 14:10 light dark cycle and a heat lamp was provided for 6 hrs each day for 

thermoregulation. The heat lamp created a gradient of approximately 26-34°C within 

the container when the lamps were on. When the lamps were off, temperatures were 

maintained at 23+3°C.  

 

4.2.2 Refining Toxicity Dosing Using Gelatin Capsules and Solvents 

 In order to try to establish standardized methods for reptile oral and dermal 

toxicity testing, we performed studies on common carriers for dosing including gelatin 

capsules (standard #5 size, Torpac Inc), water (100 µL, control), propylene glycol 

(100 µl), and acetone (100 µL). For gelatin capsules, we wanted to ensure the capsule 
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would be completely digested during short term exposures typical of acute toxicity 

tests. We provided each lizard (n = 5) with 1 empty #5 capsule. After a 48 hour 

observation period, each lizard was euthanized and then necropsied to confirm the 

complete digestion of the capsule.  

 For the remaining solvents, lizards (n = 5) were dosed with 100 µL of one of 

the solvents (water, acetone, propylene glycol) and observed for 96 hours. We 

assumed that oral dosing results will be representative of dermal applications (i.e., if 

not effects are seen from oral dosing, effects from dermal dosing are unlikely). After 

48 hours, lizards were subjected to a sprint speed behavioral assay. The methods are 

outlined in detail in Chapter 5, section 5.2.3. Briefly, lizards are chased on a small 

track 3 times while being digitally recorded, and the maximal sprint speed is 

determined for each sprint by measuring distance frame by frame. The mean of all 

three sprints is recorded for each lizard and used for statistical analysis. Following the 

96 hour exposure period, lizards were euthanized and necropsied to observe any gross 

morphological changes to the trachea or gastro-intestinal tract.  

 

4.2.3 Pesticide Oral and Dermal Dosing 

We had two dosing regimes for both oral and dermal exposure: solvent carrier 

(acetone) and powder only (gelatin capsule).   

Oral exposure was conducted as a pseudo-gavage. The method has been 

described previously (Suski et al. 2008, Salice et al. 2009). Rather than intubate the 

lizards, repeatable and accurate dosing can be achieved with a capsule (this study) or 
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micropipette (Suski et al. 2008, Salice et al. 2009) and it is less stressful for the 

organism. The oral dosing method requires two researchers, one to firmly hold the 

lizard and to pull gently but firmly on the dewlap to slowly open the lizard‟s mouth. 

The second researcher then administers the dose. When the dewlap of the lizard is 

released, lizards will instantly close their mouths and swallow the given dose. Oral 

dosing without solvent made use of gelatin capsules (Torpac Inc.). Gelatin capsules 

were filled with a known mass of the pesticide of interest. The mass of pesticide was 

based on the weight of the lizard to achieve a mass per mass dose. Solvent dosing was 

achieved by dissolving pesticide in the chosen solvent (i.e., acetone). Eppendorf 

micropipettes (2-20 µL for small doses, 10-100 µL for larger doses) were used for all 

doses. The volume of dose was calculated to attain a specific mass per mass dose 

based on the concentration of the pesticide solution and the weight of the lizard. 

Lizards were always dosed with < 100 µL of carrier solvent.  

Dermal dosing methods differed based on the dosing regime. For dosing 

without solvent, pure pesticide powder was weighed, placed onto the dorsal surface of 

the lizard, and then covered by an adhesive bandage to keep the dose in place. For 

solvent carrier doses, dosing was conducted using the same mircopipette as oral 

dosing. The dose was placed on the ventral surface (belly). All dermal doses were 

administered anterior to the pelvic girdle and posterior to the throat.  Following dose 

application dermal treatment lizards were held for approximately 15 seconds to allow 

acetone to evaporate. 
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4.2.4 Selected Pesticides 

 We chose four pesticides for investigation of oral and dermal toxicity. Because 

reptiles have been investigated for the toxicity of relatively few pesticides we chose 

pesticides that represent a range of multiple modes of action as well as target 

organisms. In addition, to the best of our knowledge, these pesticides have not been 

investigated for reptile toxicity previously. Endosulfan represents a currently used 

organochlorine insecticide. Lambda-cyhalothin represents a currently used pyrethroid 

insecticide. Chlorothalonil represents a commonly used organochlorine fungicide. 

Finally, brodifacoum represents a commonly used vitamin K antagonist rodenticide. 

We acquired pure pesticides from Chemservice (Westchester, PA, USA).  

 

4.2.5 LD50 Design and Euthanasia 

 We followed a modified Up and Down Procedure (UDP) for estimating LD50s 

(Bruce 1985, OECD 2008). The UDP has been found to produce very similar LD50s 

compared to the traditional dose-response LD50 designs (Linick et al. 1995) but uses 

considerably fewer animals (a maximum of 15 for the UDP compared to 50 or more 

for traditional LD50). Lizards were observed for a 1 week acclimation period prior to 

the initiation of toxicity testing. Prior to dosing, lizards were housed as described 

above (see section 3.2.1). After dosing, lizards were not provided a basking lamp (to 

decrease variability associated with metabolic rate and subsequent effects on toxicity) 

and food was withheld for the 96 hour observation period. The standard short term 

response for toxicity is 48 hours; however, lizards have a slower metabolism than 
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birds and mammals and so the observation period was extended. Any lizard that 

survived the 96 hour short term observation period was then observed for an additional 

10 days to score long term response to the pesticide. After the initial 96 hour 

observation period, lizards were provided one mealworm every other day until the 14 

day observation period was completed. Following the 14 day observation period, all 

remaining lizards were euthanized according to approved methods using CO2 

exposure followed by decapitation. After decapitation, lizard carcasses were collected 

for later chemical analysis and were frozen at -80°C until extraction and analysis. 

 

4.2.6. Statistical Analysis 

We calculated LD50s using AOT25STATPRG software developed by Westat 

for the USEPA (software available at: 

http://www.epa.gov/oppfead1/harmonization/docs/AOT425Setup.exe). In general, for 

the UPD, LD50s are calculated using maximum likelihood methods, for full details 

see OECD (2008). We used a one-way analysis of variance (ANOVA) to test for a 

significant effect of solvent on lizard sprint speed. To compare reptile and bird LD50s 

we performed correlation analysis using Pearson‟s Correlation. We assessed 

assumptions of parametric tests, and if violations occurred, a log transformation was 

used and assumptions retested. If needed, a log transformation was adequate for 

correcting assumptions in all instances. We used R statistical software for all analyses 

aside from estimating LD50s (R Development Core Team 2012).  

 

http://www.epa.gov/oppfead1/harmonization/docs/AOT425Setup.exe
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4.3 RESULTS 

4.3.1 Studies Using Acetone and Gelatin Capsules 

 Exposure of 5 lizards to acetone (100 uL), propylene glycol (100 uL) or gelatin 

capsules (standard size #5) did not result in signs of overt toxicity. Shortly following 

exposure to acetone, dark coloration was apparent in lizards. While dark coloration is 

generally a sign of stress (Salice et al. 2009), it is also common for discoloration to 

occur after any extensive handling of the lizards and also in oral gavage scenarios with 

much lower volumes of carrier solvent. The ANOVA results do not show a significant 

effect of solvent on sprint speed (F2,12 = 2.82, p = 0.099), although samples sizes were 

limited and a visual trend is evident in the data with a decrease in sprint speed from 

water to propylene glycol to acetone (Figure 3.1). Following euthanasia and necropsy, 

no gross morphological effects of acetone or propylene glycol on the trachea or gastro-

intestinal tracts were evident. 

 Gelatin capsules were easily delivered to lizards. The capsule can be easily 

forced into the throat of the lizards to prevent them from spitting out the capsule. 48 

hours after dosing with an empty capsule, there was no sign of capsules in the 

gastrointestinal tract. No signs of discomfort or significant effects were noted initially 

or during the 48 hour observation period. 

 

4.3.2 Oral and Dermal Toxicity of Pesticides to Reptiles 

Toxicity data is summarized in Table 3.1. Only endosulfan and λ-cyhalothrin 

appear toxic to the western fence lizard under our acute exposure conditions. Neither 
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chlorothalonil nor brodifacoum caused any signs of toxicity from either oral or dermal 

routes. The oral toxicity of endosulfan appeared unrelated to the manner in which the 

oral dose was delivered (acetone carrier or gelatin capsule). The acetone and capsule 

oral LD50 for endosulfan were both 9.8 µg/g. Endosulfan toxicity differed by 

exposure route, regardless of dosing regime. Oral LD50s were always much lower 

than dermal toxicity. Surprisingly, the two dosing methods resulted in very different 

results for λ-cyhalothrin. The oral LD50 with capsules was 916 µg/g, while the 

acetone oral LD50 was 9.8 µg/g. Route of exposure had little effect on toxicity for λ-

cyhalothrin, LD50 estimates were similar for oral and dermal exposure routes within 

the same dosing regime (see Table 3).  

 

4.3.3 Relationship Between Reptile and Bird LD50s 

We combined our current oral toxicity data with the two previous large 

collections of reptile oral toxicity data (Hall and Clark Jr 1982, Brooks et al. 1998). 

We used only the toxicity values from capsule dosing as it more closely mimics the 

standardized methods for avian toxicity assessment. For comparison purposes we used 

the Pesticide Ecotoxicity Database (PED 2013) for avian toxicity data. This toxicity 

database represents data that were used by EPA in pesticide ecological risk 

assessments. The summary of bird and reptile toxicity data is found in Table 4.2. We 

used a correlation analysis to determine if there was a significant relationship between 

the limited reptile and bird data that is currently available. In some cases in the current 

study, lizards showed no signs of toxicity with the chosen doses, and thus a true LD50 
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was not calculated (e.g., LD50 > 1750 in Table 4.1). However, to attempt to generate a 

reasonably robust comparison of reptile and avian toxicity, we assumed the LD50 was 

equal to the highest dose for the correlation analysis. We found no significant 

relationship between reptile and bird LD50s (r = 0.18, p = 0.571; Figure 4.1). Because 

we assumed unknown toxicity is equal to the highest dose tested, the correlation could 

be considered imprecise. It is important to remember that assuming the LD50 is equal 

to the highest dose is being conservative. The actual LD50 is much greater, and 

therefore the relationship would only get worse with actual LD50s compared to our 

correlation.  When we removed the data for which toxicity was not determined, a very 

strong correlation was found between reptile and bird LD50s (r = 0.94, p = <0.002; 

Figure 4.2).  

 

4.4 DISCUSSION 

 Up to 100 µL of water, acetone, or propylene glycol did not significantly affect 

the behavior and physiology of lizards. Gelatin capsules also did not appear to cause 

adverse effects and were completely digested by 48 hours post exposure. Of the four 

pesticides tested in this experiment, only endosulfan and λ-cyhalothrin appeared to be 

toxic to reptiles at concentrations below 1750 µg/g. The Endosulfan LD50 was 

relatively low for oral exposures regardless of dosing methodology, while λ-

cyhalothrin LD50s were much lower via acetone delivery than using gelatin capsules. 

In addition, endosulfan was significantly more toxic via the oral route than dermal, 

while λ-cyhalothrin was not significantly more toxic via oral exposure routes. We 
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found a strong correlation between bird and reptile toxicity data, but only when the 

compounds had significant toxicity to both groups. 

 The toxicity of solvent carriers has not been previously investigated for 

reptiles. Propylene glycol shows very low toxicity to mammals, with rat LD50s 

ranging from 8000-46000 µg/g and mouse LD50s ranging from 23000-24900 µg/g 

(USEPA 2006). No avian toxicity data was found for propylene glycol. For acetone, 

rat LD50s range from 5800-9800 µg/g and mouse LD50s range from 3000-5250 µg/g 

(European Chemicals Bureau 2000). The only avian acetone toxicity data found, 

reported LD50s > 40000 µg/g in food items (European Chemicals Bureau 2000). 

Chronic toxicity studies of solvents are more common for mammals because of the use 

of rats (and other species) as surrogates for humans, but little sublethal data exist for 

wildlife species. Reports of toxicity of solvents are rare for terrestrial animals, but 

much data exists for aquatic systems (see Hutchinson et al. 2006 for a review). In an 

aquatic experiment with Rana temporaria embryos, acetone did not significantly 

increase mortality compared to controls at concentrations tested, while methanol, 

methylene chloride, and dimethyl sulfoxide all increased toxicity at at least one of the 

concentrations tested (Marquis et al. 2006). The combined data suggest that acetone 

and propylene glycol have similar toxicities and could be used for dosing at lower 

volumes with little concern of increased toxicity due to the solvents.   

 We specifically chose pesticides for which there is no previously published 

toxicity data to further contribute to the reptile toxicity database. We also specifically 

chose pesticides from a range classes (2 insecticides, 1 fungicide, 1 rodenticide). Most 
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of the available reptile insecticide toxicity data is for organophosphates (see Hall and 

Clark Jr, Brooks et al. 1998a) with some toxicity data available for pyrethrins and their 

synthetic derivatives the pyrethroids (Brooks et al. 1998a, Alexander et al. 2002, 

Talent 2005). Our LD50 data for λ-cyhalothrin when using a solvent carrier is similar 

to previous toxicity reports. Our λ-cyhalothrin LD50 of 9.8 µg/g is close to those 

reported for pyrethrins (~10 µg/g) and early pyrethroids (allethrin LD50 ~ 30 µg/g; 

resmethrin LD50 ~ 30 µg/g) when using ethanol as a carrier solvent (Brooks et al. 

1998a). Toxicity of λ-cyhalothrin without carrier solvents was much lower; however, 

there is no available reptile toxicity data to compare with our capsule LD50s.  There is 

very little previous reptile fungicide toxicity data to compare with our results. The 

estimated LD50 of methyl-thiophanate via introperitoneal injection was 900 µg/g 

(Sciarillo et al. 2008). The difference in exposure route and compound mode of action 

limits any relationships that can be drawn between our experiment and the previous 

report of fungicide toxicity. Our results for chlorothalonil found toxicity to be > 1750 

µg/g via both oral and dermal exposure routes. Similarly, little data exists for the 

toxicity of rodenticides to reptiles. The toxicity of compound 1080 (sodium 

fluoroacetate) to reptiles without previous exposure to 1080 was reported to be 200 

µg/g (Twigg and Mead 1990). It may be worth noting that this previous LD50 

combined with our current data for brodifacoum (>1750 µg/g) suggests that many 

rodenticides may be much more toxic to birds and mammals than reptiles.  

 Our results have important implications for pesticide ecological risk 

assessments. First, when analyzing all data, there is no significant correlation between 
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reptile and bird toxicity data. When considering data for which “true” LD50s are 

available for both taxa, a very strong positive relationship was found. When pesticides 

are toxic to both species, bird LD50s may be used to predict reptile LD50s. 

Unfortunately, the instances in which the pesticide will be toxic to both groups will be 

unknown in most cases because no reptile toxicity data is available. With more 

research, it may be possible to parse out data in which birds are or are not good 

surrogates for reptiles. For example, pyrethrins and pyrethroids appear much more 

toxic to reptiles than to birds. In some instances, birds are much more sensitive than 

reptiles and in these cases, using birds in an ERA would overestimate risk to reptiles. 

An example in our data set is brodifacoum, which has much greater toxicity to birds 

than to reptiles as indicated by the lack of significant toxicity up to 1750 µg/g. Perhaps 

separate relationships could be built for chemical classes or modes of action that have 

consistent responses with both birds and reptiles, thus precluding the need to perform 

individual toxicity tests for all pesticides with reptiles. Much more research is needed 

to better understand the relationship between reptile and bird toxicity for these 

chemical classes and/or modes of action and whether reliable relationships could be 

generated.  

  

4.5 CONCLUSION 

 Only endosulfan and λ-cyhalothrin were found to be toxic to western fence 

lizards. Neither chlorothalonil nor brodifacoum were toxic up to 1750 µg/g. The effect 

of exposure route was important for endosulfan, but not particularly important for λ-
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cyhalothrin. Alternatively, the use of carrier solvents had a large effect on λ-

cyhalothrin toxicity, with little effect on endosulfan toxicity. Our results suggest that 

standardized methodology for reptile toxicity testing is important for future toxicity 

testing with these species. Much more reptile pesticide toxicity research is needed. 

Finding classes of chemicals (e.g. rodenticides) or modes of action (e.g., pyrethroids) 

for which reptiles and birds/mammals have very different sensitivities is important for 

the use of surrogate species in future risk assessments. Our analyses of current reptile 

and bird pesticide toxicity data suggests that a predictive relationship could be created 

from chemicals that are toxic to both birds and mammals. Unfortunately, for many 

chemicals the toxicity to reptiles is unknown. With more LD50 data produced in the 

future, it may be possible to determine pesticide modes of action for which birds 

provide a reasonable surrogate. Further, if more pesticides are investigated that appear 

toxic to reptiles but not birds (e.g., pyrethroids), perhaps specific relationships could 

be created for these chemical classes to scale available bird toxicity data for reptiles. 

Once predictive relationships are made between bird and reptile data, reptiles may see 

increased use as receptor species in ecological risk assessment.  
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Table 4.1 Summary of oral and dermal pesticide toxicity data to Western fence lizards (Sceloporus occidentalis). Lower 

and Upper refer to 95% confidence intervals. NA = confidence interval could not be calculated (due to anomalies in 

data collection, or toxicity greater than the highest concentration tested).  

Chemical     Acetone         Capsule     

  
Diet 

  
Dermal 

  
Diet 

  
Dermal 

 
  Lower LD50 Upper Lower LD50 Upper Lower LD50 Upper Lower LD50 Upper 

Lambda-

cyhalothrin 
5.5 9.811 17.5 12.24 17.5 48.2 550 916.5 1750 NA > 1750 NA 

             
Endosulfan 5.5 9.811 17.5 554 1332 20000 NA 9.811 NA NA > 1750 NA 

             
Chlorothalonil - - - - - - NA > 1750 NA NA > 1750 NA 

             
Brodifacoum - - - - - - NA > 1750 NA NA > 1750 NA 
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Table 4.2 Comparison of bird and reptile LD50s for acute oral toxicity of several 

pesticides. Bird data is taken from the Pesticide Ecotoxicity Database (PED 2013) 

and is represented as the mean + SE when more than one LD50 was available. 

The number of LD50s used for bird data is also reported. Reptile data is taken 

from the few sources with multiple reptile LD50s, there was only ever one single 

reptile LD50 available.   

Chemical Bird Bird SE 
# Bird 

Values 
Reptile Source (Reptile Data) 

Endosulfan 33.50 1.51 n = 4 9.8 This Paper 

Lambda-cyhalothrin >3000 - n = 2 916.5 This Paper 

Chlorothalonil >4640 - n = 1 >1750 This Paper 

Brodifacoum 3.92 2.04 n = 3 >1750 This Paper 

Pindone 241 - n = 1 550 Unpublished data
a
 

Propoxur 21.99 1.87 n = 16 15 Brooks et al. 1998a 

Pyrethrins >7000 - n = 2 10 Brooks et al. 1998a 

Rotenone >1500 - n = 2 10 Brooks et al. 1998a 

Parathion 6.83 0.53 n = 14 8.9 Hall and Clark Jr 1982 

Methyl Parathion 29.29 4.91 n = 8 82.7 Hall and Clark Jr 1982 

Azinphos Methyl 70.02 6.45 n = 6 98 Hall and Clark Jr 1982 

Malathion 685 234.27 n = 3 2324 Hall and Clark Jr 1982 
a
Pindone toxicity data is our own unpublished research 
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Figure 4.1 Effect of solvent carrier on sprint speed. Data are presented as the 

mean of log sprint speed + SE. No significant differences were found due to 

treatment (F2,12 = 2.82, p = 0.099). Numbers within each bar indicate sample size 

for that treatment (i.e. number of lizards). 
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Figure 4.2 Correlation between reptile and bird oral LD50 values when all values 

are included in analysis. See Table 4.2 for a summary of toxicity data. Open 

circles indicate LD50s which are greater than the highest dose used, closed circles 

indicate true LD50s. The line shown represents a 1:1 relationship. Points to the 

left of the line indicate greater sensitivity for birds, points to the right of the line 

indicate greater sensitivity for reptiles. There was no significant correlation 

between the data (r = 0.18, p = 0.57). 
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Figure 4.3 Correlation between reptile and bird oral LD50 when only “true” 

LD50s are included in the analysis (see Table 4.2). There is a significant positive 

correlation between reptile and bird oral LD50s (r = 0.94, p < 0.002). 
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ABSTRACT 

 The dunes sagebrush lizard is a habitat specialist limited to shin oak sand dune 

systems of New Mexico and Texas, particularly in the Permian Basin. This species has 

recently been proposed for listing under the Endangered Species Act based on a 

number of criteria. Because much of the habitat of this species occurs in areas of high 

oil and gas production activities, there has been considerable interest in investigating 

the potential effects of oil and gas drilling on the health and welfare of this species. 

We used the Western fence lizard (Sceloporus occidentalis) as a surrogate species to 

determine the acute and sublethal toxicity of two common contaminants associated 

with oil and gas drilling activities in the Permian Basin: herbicide formulations and 

hydrogen sulfide gas (H2S). We exposed lizards to several concentrations of H2S (30 

or 90 ppm) and herbicide formulations (1x or 2x label application rate) and recorded 

observations for acute toxicity and behavioral responses to evaluate sublethal toxicity. 

Behavioral endpoints included sprint speed, time to prey detection and capture, and 

number of strikes needed to capture prey. Neither H2S nor herbicide formulations 

caused significant behavioral effects compared to controls. The concentrations used 

for both contaminants are possible, but more likely represent “worst case” scenario 

exposures. Our results suggest little risk from either of these contaminants to lizards 

inhabiting shin oak sand dunes near oil and gas activities. 
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5.1 INTRODUCTION 

The dunes sagebrush lizard (DSL, Sceloporus arenicolus) is a habitat specialist 

associated with shin oak sand dune systems of southeastern New Mexico and west 

Texas (Fitzgerald et al. 1997, Dixon 2000). Much of the range of the DSL overlaps 

with areas of heavy oil and gas extraction activities in the Permian Basin (Fitzgerald et 

al. 1997). In 2010, the US Fish and Wildlife Service (USFWS) considered listing the 

DSL as an endangered species and reported potential stressors of interest for which 

there was very little data currently available (USFWS 2010). Multiple potential 

contaminants associated with oil and gas production were identified by the USFWS 

including the toxicity of H2S gas to lizards and the toxicity of herbicides used to clear 

areas for well pads.  

In general, in ecological risk assessment, it is common to emphasize estimates 

of dietary exposure and to disregard other exposure routes except in instances when 

explicit consideration of either dermal or inhalation is required (Sample et al. 1997). 

The contaminants of interest (H2S, herbicides) represent inhalation and dermal 

contaminant exposure, respectively. For the herbicides, the convention would be to 

estimate dietary exposure and calculate risk based on diet alone. However, because 

reptiles have relatively low dietary exposure (Weir et al. 2010), it is likely that dermal 

exposure would be a more important route than diet for reptiles. Both contaminants 

represent instances in which dietary exposure may be less important for reptiles than 

other exposure routes.    
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Hydrogen sulfide (H2S) is a highly toxic gas that is produced by natural and 

anthropogenic processes. One potentially large source of H2S in the United States is 

from petroleum production activities including exploration, development, extraction, 

treatment, storage, transportation, and refining. Although not generally considered a 

significant risk to most wildlife, for species in close proximity to oil and gas 

production facilities, risks of H2S toxicity may be higher. Hydrogen sulfide has been 

measured at concentrations up to 33 ppm in proximity to the town of Loco Hills, NM 

(Lusk and Kraft 2010) while up to 15 ppm has been measured near oil and gas 

facilities northeast of Whites City, NM (Dybyk et al. 2002). These levels exceed or 

bracket Permissable Exposure Limits (PELs) promulgated by the Occupational Safety 

and Health Administration (OSHA) to protect human health (OSHA 2007). While the 

PELs represent thresholds to protect human health, no equivalent values are available 

or enforced for wildlife, despite the fact that exposures to H2S likely occur for animals 

near petroleum production facilities (Sias and Snell 1998; Dubyk et al. 2002).  

There is some evidence that adverse effects to wildlife can occur as a result of 

exposure to elevated concentrations of H2S. Sias and Snell (1998) reported the 

presence of moribund wildlife and turtle shell carcasses near petroleum production 

facilities known to occasionally release H2S. They also found a 39% decrease in the 

abundance of the dunes sagebrush lizard in dunes less than 90 m from petroleum well 

pads compared to dunes that were 190 m or more from the pads (Sias and Snell 1998). 

Sias and Snell (1998) further hypothesized that S. arenicolus may be particularly at 

risk because they can inhabit dune blowouts where H2S may accumulate because it is 
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heavier than ambient air. Additionally, the US FWS (2010) reported a lower 

abundance and diversity of avian species in and around petroleum production facilities 

suggesting a possible effect of H2S gas that may either reduce abundance directly or 

may cause birds to avoid particular habitats with high H2S concentrations. In a New 

Zealand study, fewer bird species were found in areas with H2S concentrations from 

0.13 to 3.9 ppm associated with geothermal releases (Siegel et al. 1986). These types 

of effects have been observed in other studies as well (New Norway Scientific 

Committee 1974). The available evidence therefore points to the possibility that H2S 

associated with petroleum production activities has adverse effects on wildlife. 

However, considerable uncertainties remain regarding the toxicity of H2S to reptiles.  

Herbicides are often applied throughout the range of the dunes sagebrush lizard 

in order to clear an area to create a well pad. It is difficult to determine which 

herbicides are used, because the reporting of these particular herbicide uses is not as 

tightly regulated as agricultural crops. However, it is known that two herbicides have 

been used often to clear well pads: Krovar (Diuron and Bromacil, DuPont corporation) 

and Quest (a proprietary mixture of ammonium chloride salts and phosphoric acids, 

Helena Chemical Co) (Jared Martin, Personal Communication). Herbicides are 

sprayed to clear all vegetation in the area, primarily shin oak in this case. If these 

herbicides are sprayed within a sand dune complex or immediately adjacent to a sand 

dune complex, dunes sagebrush lizards could potentially be directly sprayed with the 

formulated herbicides. The probability of a lizard being directly sprayed with the 

herbicide is low and therefore, simulating a direct spray represents a “worst case” 
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scenario. In this case, if few significant effects are seen, then the herbicides likely pose 

little direct threat to lizards in a majority of spray events.   

The goal of this experiment was to determine what effects environmentally 

relevant concentrations of H2S gas and herbicide formulations have on the behavior of 

the western fence lizard (Sceloporus occidentalis) as a surrogate for the dunes 

sagebrush lizard to provide insight into the risks of contaminants associated with oil 

and gas activities to reptiles.  

  

5.2 MATERIALS AND METHODS 

5.2.1 Animal Husbandry 

We acquired adult male western fence lizards from a breeding colony at 

Oklahoma State University. The western fence lizard has been previously vetted as a 

laboratory model species for reptiles (Talent et al. 2002) and is particularly useful in 

this case as it from the same genus as the dunes sagebrush lizard (i.e., Sceloporus). 

Lizards were held individually in plastic containers (15.5 cm x 32 cm x 11 cm) with 1 

kg of washed playground sand substrate and ad libitum water. Food was provided 

every other day as two mealworm (Tenebrio sp) larvae for each lizard.  Lizard 

containers were placed under a heat lamp to provide a natural heat gradient (27-35°C, 

when the lamps are on), heat lamps were on for 6 hours from 9am to 3pm while the 

overall light:dark cycle was set at 14:10. Without heat lamps, the ambient temperature 

was held constant at 23°C. Fence lizards were held for a minimum of one week prior 

to being used in any experiments to allow acclimation to laboratory conditions. 
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5.2.2 Inhalation Exposure Setup 

H2S exposures were conducted in fume hoods using a 200 mg H2S/cm
3 

compressed gas canister (Airgas).  The exposure chamber was a 40-L glass tank 

covered with an acrylic sheet to minimize loss of H2S. A small hole was created in the 

acrylic and the tubing from the gas canister was placed through this hole into the tank. 

The tank was placed on top of three stir plates and inside the tank three magnetic stir 

rods were used to ensure air circulation and as homogeneous a mixture of air 

concentrations as possible. Lizards were exposed in a different plastic container of the 

same size as holding containers with large portions of each side of the container 

removed and replaced with mesh screening to allow air movement during exposures 

thereby ensuring a relatively homogeneous concentration of H2S. Sand was added to 

cover the bottom of the exposure container. In the exposure chamber the plastic 

container was lifted off the bottom of the tank (9 cm) by coated metal wiring. A H2S 

monitor (Gas Badge Plus, Industrial Scientific) was placed inside the exposure 

container with the lizard to monitor H2S concentrations through time. Once assembled 

large glass slabs were placed on top of the exposure chamber to prevent loss of H2S 

gas. With this setup, static concentrations of H2S gas could be achieved in the absence 

of a lizard. With lizards present concentrations would slowly decline during exposures 

and addition of more gas was necessary. In this way, exposures did not represent a 

completely “static” condition, but rather a series of small peaks and valleys (Figure 

5.1) that indicated concentrations were relatively stable over the exposure duration. A 
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digital thermometer was used to monitor temperatures inside the exposure chamber 

and temperatures varied between 21 to 23°C. 

 

5.2.3 H2S Exposures and Behavioral Assays 

We exposed lizards to 3 concentrations of H2S gas for a period of 90 minutes: 

0 ppm (n = 11), approximately 30 ppm (n = 11), and approximately 90 ppm (n = 7). 

We chose concentrations based on worst case scenarios that may be experienced by 

sagebrush lizards in the Permian Basin. Concentrations up to 33 ppm have been 

recorded in New Mexico near oil pumps for up to one hour (Lusk and Kraft, 2010). 

We also chose 90 ppm as an unlikely very high concentration in order to be as 

conservative as possible. Immediately prior to exposure, lizards were “chased” on a 2-

m long track with hash marks every 2 cm to record maximum sprint speed. A camera 

was used to film all behavioral assays (Sony HD Handycam, HDR-CX130). Lizards 

were placed in the track and chased once for acclimation purposes without recording 

speed. Each lizard was then chased three times down the track. For each chasing event 

the maximum sprint speed was recorded and the average of all three chasing events 

was used as the unit of measure. Following chasing, lizards were immediately placed 

into the plastic container previously described and moved into the exposure chamber. 

Lizards had between 10 to 20 minutes for acclimation to the exposure chamber: five 

minutes of acclimation with no gas and then between 5-15 min while H2S 

concentrations increased. When H2S concentrations reached concentrations near the 

target concentration (~30 or ~90 ppm), the 90 minute exposure period began. 
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Following exposure (90 min) lizards were removed from the exposure chamber and 

given a 5 minute resting period. After the resting period, lizards were placed upside 

down on the track to record righting reflex time and then the sprint speed test was 

repeated. We also measured prey capture ability following exposure to chamber 

conditions. Immediately after retesting sprint speed, the lizard was placed back into its 

individual container and fed one mealworm larvae. Lizard behavior was recorded 

using a digital video camera and time to prey detection and time to prey capture were 

recorded later by reviewing the video. Time to prey detection was defined as the 

moment the lizard begins to move towards the mealworm. Time to prey capture was 

defined as the moment in which the lizard had control of the mealworm in its mouth. 

We also recorded the number of strikes needed to capture prey. We repeated the 

feeding behavior tests after one hour. We also attempted to quantify a toxicity 

threshold by exposing lizards (n = 7) to increasing concentrations of H2S for 

increasing time periods (see Table 5.1).  

 

5.2.4 Herbicide Exposures 

We exposed lizards by applying herbicides (mixed with water at label 

specifications) to the dorsal surface of lizards. We attempted to simulate a lizard that is 

directly sprayed during herbicide application. We estimated the surface area of lizards 

using data for salamanders. Surface area is estimated by: 

SA = BW
0.694  
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In which SA stands for total surface area, BW stands for body weight, and 0.694 is a 

taxon-specific scaling factor (USEPA 1993). We assumed that the dorsal surface of a 

lizard is approximately 50% of the total surface area of a lizard. We confirmed the 

validity of this system by calculating the dorsal surface area of 3 lizards with a range 

of body weight (11, 16, and 20 g) and compared to the estimates from the equation. 

The estimated surface areas for 11, 16, and 20 g lizards are 22.2, 28.8, and 33.7 cm
2
, 

respectively. The calculated surface areas for lizards of the same weights were 23.7, 

28.5, 28.3 cm
2
 which suggests estimating the surface from the above equation 

provides a reasonable estimate of surface area.  

 

5.2.5 Herbicide Dosing Calculations 

We used herbicide formulations (Krovar, Quest) for reptile toxicity testing that 

have been applied in west Texas oil fields (Jared Martin, personal communication). 

The herbicides were generally used to clear shin oak for well pad construction. We 

purchased the formulations Krovar (active ingredients = bromacil and diuron) and 

Quest (water conditioning agent, proprietary mix of ammonium chloride salts and 

phosphoric acids) from Helena Chemical Company. We used label rates to scale down 

lbs/acre active ingredient (Krovar) or pints/gal (Quest, assuming 40 gal/acre) to 

determine the correct volume that would correspond to a lizard being directly sprayed 

during herbicide application, following label specifications. We also had treatments 

for 2x the label specification as a way to increase conservatism of our results.  
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5.2.6 Herbicide Exposure: Behavioral Assays 

Behavioral assays were very similar to those used for H2S gas experiments. 

One important difference is that “before” sprint speed was not recorded in these 

experiments. The herbicide exposure represents a very different exposure than H2S 

gas. Whereas H2S is quickly removed from the body following exposure, herbicide 

exposure may take much longer for effects to manifest. Therefore, a “before” sprint 

speed is less important, especially when the lizards are tested 2 days following 

exposure. Following dosing of herbicide formulations, lizards were held for 48 hours 

(without a basking lamp) to provide an opportunity for effects to manifest. After 48 

hours, sprint tests were performed as described in section 4.2.3. Following sprint 

speed assays, lizards were placed back into holding containers for an additional 24 

hours. At 72 hours post exposure, lizards were provided 1 mealworm and the same 

prey detection and capture data was collected as in 4.2.3. 

 

5.2.7 Statistical Analysis 

We performed all statistical analyses with R software version 2.15.0 (R 

Development Core Team 2012). In order to assess the effect of H2S gas on sprint 

speed, we compared each lizard to itself by subtracting the “before” sprint speed from 

the “after” measurement. In this way, the effect of the exposure chamber itself (stress, 

temperature, etc.) could be accounted for in both controls and H2S gas treatments. The 

difference between the two measurements was then used in an ANOVA to test for 

significant differences. For herbicide experiments, the mean sprint speed from 3 runs 
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was used to determine differences with ANOVA. We also used ANOVA to test for 

differences in the number of strikes needed to capture prey for both H2S and herbicide 

experiments. Normality and homoscedasticity assumptions were tested and log 

transformations were used when assumptions were violated. Assumptions were 

retested after transformation. For the time-based data, a “time to event” analysis was 

used. Time to event analyses were performed using the MASS (Venables and Ripley 

2002) and Survival (Therneau and Lumley 2009) packages for R. The logrank test 

(aka 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 

(in this case: 0, 30, and 90 ppm). The expected values are subtracted from observed 

values for each time point and then summed across all time points. A χ
2
 statistic is 

computed from the sum of the observed minus expected values, and tests the 

hypothesis that there is no difference between treatment survival curves in which a 

larger χ
2
 statistic indicates a greater difference between treatments, as indicated by a 

smaller p value.  

 

5.3 RESULTS 

5.3.1 H2S Toxicity 

Exposure to H2S had no significant effects on any of the behavioral endpoints 

tested. We also saw few overt signs of toxicity during exposures (summarized in Table 

5.1). In 90 and 150 ppm exposures, some (3 of 7 in 150 ppm treatments) lizards had 

darkened body color (a general indication of stress, Greenberg 2002) however this was 
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not quantified and was quickly lost after exposures were completed. The difference 

between before- and after-exposure sprint speeds did not significantly differ between 

treatments (F2,26 = 0.757, p = 0.479; Figure 5.2). In addition, no significant differences 

were found in righting reflex time (χ
2
 = 0.3, p = 0.87, Figure 5.3). Only three lizards in 

controls and 4 lizards in 30 ppm exposures attempted to recognize and capture prey in 

the first feeding behavior trials following H2S exposure. No lizards in 90 ppm 

exposures attempted to recognize or acquire prey during the first feeding trial. Because 

so few lizards detected and acquired prey in the first trial, we did not analyze these 

data. Instead we ran a chi-square analysis to determine if there were any significant 

differences in the number of lizards that detected and captured prey in these 

treatments. The chi-square analysis suggested no significant differences in the number 

of lizards that detected and captured prey in the treatments (χ
2
 = 3.184, p = 0.20). For 

the second feeding event (one hour later), there were no significant differences in time 

to prey detection (χ
2
 = 0.1, p = 0.93; Figure 5.3), time to prey capture (χ

2
 = 1, p = 0.61; 

Figure 5.5), or number of strikes needed to capture prey (F2,23 = 0.426, p = 0.658; 

Figure 5.6). Only one lizard in each group did not attempt to capture prey in the 

second feeding behavior trial. 

 

5.3.2 Herbicide Toxicity 

Similar to H2S, exposures to herbicide formulations had no significant effects 

on any of the behavioral endpoints tested. We saw no overt signs of toxicity during 

exposures and observation periods. Sprint speed did not significantly differ between 
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treatments (F4,45 = 1.23, p = 0.311; Figure 5.7). There were no significant differences 

in time to prey detection (χ
2
 = 2.4, df = 4 p = 0.66; Figure 5.8), time to prey capture (χ

2
 

= 3.2, df = 4, p = 0.53; Figure 5.9), or number of strikes needed to capture prey (F4,31 = 

0.88, p = 0.486; Figure 5.10). Not all lizards attempted to capture prey. In control and 

Quest 2x treatments 2 out of 10 lizards did not attempt to capture prey. In Quest 1x 

and Krovar 2x treatments, 3 out of 10 lizards did not attempt to capture prey. Finally, 

4 out of 10 lizards in Krovar 1x treatments did not attempt to capture prey. The 

differences in the proportion of lizards that attempted to capture prey were not 

significantly different between treatments (χ
2
 = 1.39, p = 0.84).  

 

5.4 DISCUSSION 

 Exposure of lizards to H2S gas resulted in no significant sublethal effects, nor 

consistent signs of acute toxicity. Exposure to herbicides also did not result in any 

signs of acute toxicity. Exposure to herbicide formulations at label specifications also 

resulted in no significant effects on lizard behavior, and no overt signs of acute 

toxicity.  

Toxicity of gaseous contaminants to reptiles is extremely rare. We believe our 

results represent the first attempt to determine toxicity of a gaseous contaminant to 

reptiles. It is not surprising that H2S gas was not acutely toxic to reptiles up to 175 

ppm for up to 2 hours. Inhalation rate is related, in part, to metabolic rate (USEPA 

1993). Because reptiles generally have lower metabolic rates than endothermic 

organisms (Nagy et al. 1999), it would be expected that reptiles would have lower 
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sensitivity to broad spectrum gaseous contaminants than birds and mammals. Indeed, 

H2S acute toxicity to birds ranges from ~100 (Guidotti 1996) to >1000 ppm (Sayers et 

al. 1925) over the course of 1-2 hours. Likewise, mammalian acute toxicity is 

generally >500 ppm (Guidotti 1996) in this time range. 

Very little research into the sublethal effects of H2S on wildlife has been 

published. An area of New Zealand with naturally high concentrations of H2S (up to 

3.9 ppm) still maintains colonies of several species of birds, and the authors suggest 

that the toxicity of chronic exposure of H2S to birds may be lower than previously 

suspected (Siegel et al. 1986). Much of the research into the effects of H2S gas on 

wildlife has been performed to understand physiological effects. For example, birds 

exposed to sublethal concentrations of H2S showed significant changes in respiratory 

rates and tidal volume (Klentz and Fedde 1978). Further, H2S has been shown to be 

both a vasoconstrictor and a vasodilator across several vertebrate taxa (Dombkowski 

et al. 2005). Our research is the first of its kind and provides very preliminary insights 

into potential H2S toxicity to reptiles and the effects of chronic exposure to low doses 

of H2S are unknown for reptiles and many wildlife species. A review of extensive 

mammalian data (EPA 2003) found consistent effects of long term exposure to low 

doses of H2S in mammalian models (e.g., rat, mouse). How these effects would 

translate to other organisms under field conditions is unknown.  

The concentrations of H2S chosen for these experiments represent “worst-case” 

scenarios and are unlikely to occur under field conditions in most cases. 

Concentrations up to 33 ppm have been recorded in the field (Lusk and Kraft 2010), 
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but are generally rare. We have recorded H2S gas concentrations in the field, and 

concentrations were always <3 ppm (unpublished data). Therefore, in most situations, 

H2S gas represents very little risk to reptiles, at least over the short term (e.g. 2 hours).  

Very little research investigating the toxicity of herbicide formulations to 

lizards has been published. A field study in Greece found a significant decrease in 

tortoise abundance following the spraying of 2,4-D and 2,4,5-T (Willemsen and 

Hailey 2001). However, the toxicity associated with the herbicide may be related to 

impurities of dioxin compounds that result from the production of these herbicides. 

Turtle eggs dosed with a glyphosate formulation (Glypro) had few significant effects, 

with most effects occurring at very high concentrations of glyphosate (> 10,000 ppm, 

Sparling et al. 2006). To our knowledge, controlled dosing of lizards to herbicide 

formulations has not been previously reported. Field investigations using outdoor 

mesocosms have found few significant population level or sublethal effects that were 

associated with herbicide mixture residues in soils (Amaral et al. 2012a,b). The weight 

of evidence from these reports and our current experiment seem to suggest that 

herbicide formulations present little short-term risk to reptiles. The one exception is 

the field based study suggesting strong effects of 2,4-D and 2,4,5-T herbicides on 

tortoises.  

Our research has only investigated short-term acute toxicity of oil and gas 

contaminants; there are many ways that contaminants can exert ecologically 

meaningful effects. First, as previously mentioned, the effect of chronic exposure to 

either H2S or herbicides is not well understood in reptiles. This may be especially 



Texas Tech University, Scott M. Weir, May 2014 

 

142 

 

important for H2S gas which is ubiquitous throughout these environments, but often at 

low (< 1 ppm) concentrations. In addition, indirect effects caused by contaminants are 

prevalent in the aquatic environment (Fleeger et al. 2003) and it is logical to assume 

they may also be important in the terrestrial environment. Both herbicides and H2S gas 

may cause effects on habitat or food sources that can cause significant deleterious 

effects without acute toxicity. We are currently investigating the abundance and 

biomass of invertebrates in oil and gas impacted sand dunes compared to sites free of 

oil and gas impacts. Research into habitat or prey availability may provide insight into 

potential indirect effects of these contaminants on reptiles.   

 

5.5 CONCLUSION 

 Our results suggest there is little risk to lizards from the application of 

herbicides to clear shin oak or the release of H2S gas as a by-product of oil and gas 

drilling activities. The exposures simulated in the current experiments are likely to be 

unrealistic in most cases and represent “worst case” scenario exposures. Because 

almost no significant effects occurred in response to these exposures, more realistic 

exposure scenarios would likely result in even lower risk. However, it is important to 

point out that we have investigated only 2 potential contaminants and only the effect 

of direct toxicity. It is possible that indirect effects could occur due to changes in 

habitat structure or function (fairly obvious for herbicide applications) or effects on 

invertebrate prey (for either contaminant). Much more research is needed to determine 
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what potential effects (if any) the contaminants associated with oil and gas drilling 

have on the lizards and their larger sand dune shin oak community.  
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Table 5.1 Summary of response of all lizards exposed to H2S gas throughout the experiment. 

Lizard Initial Conc. (ppm) H2S Added Final Conc.(ppm) 
Duration 

(Minutes) 
Result 

Pilot 1 31 One 21.6 120 No Toxicity 

Pilot 2 0 (Control test) No 0 120 No Toxicity 

Pilot 3 62 No 47 90 No Toxicity 

Pilot 4 0 (Control test) No 0 60 No Toxicity 

30 ppm 1 30 Two 22 90 No Toxicity 

30 ppm 2 32 Two 24 90 No Toxicity 

30 ppm 3 31 No 20 90 No Toxicity 

30 ppm 4 28 Two 27 90 No Toxicity 

30 ppm 5 28 Two 22 90 No Toxicity 

30 ppm 6 30 Three 30 90 No Toxicity 

30 ppm 7 29 Four 27 90 No Toxicity 

30 ppm 8 29 Three 25 90 No Toxicity 

30 ppm 9 31 Two 24 90 No Toxicity 

30 ppm 10 28 Three 29 90 No Toxicity 

30 ppm 11 29 Four 29 90 No Toxicity 

90 ppm 1 90 Several 88 90 No Toxicity 

90 ppm 2 90 Several 84 90 No Toxicity 

90 ppm 3 90 Several 87 90 No Toxicity 

90 ppm 4 90 Several 90 90 No Toxicity 

90 ppm 5 90 Several 88 90 No Toxicity 

90 ppm 6 90 Several 89 90 No Toxicity 

High Conc 1 120 Constant 148 50 Discoloration 

High Conc 2 144 Constant 148 60 Discoloration 

High Conc 3 140 Constant 149 60 No Toxicity 

High Conc 4 150 Constant 152 60 Lizard Buried in Sand 

High Conc 5 136 Constant 160 120 Discoloration 

High Conc 6 141 Constant 135 120 No Toxicity 

High Conc 7 161 Constant 155 120 No Toxicity 
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Figure 5.1  Example of a H2S concentration profile through time for one lizard 

exposed to H2S gas (90 ppm, replicate 1). The dotted vertical line indicates when 

the 90 minute exposure period began. Arrows indicate times when more H2S gas 

was added into the chamber to maintain an air concentration as close to 90 ppm 

as possible. This figure is representative of the general pattern of exposure 

profiles for all lizards exposed to 90 ppm. 
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Figure 5.2  Effect of H2S treatment on sprint speed. The Y-axis indicates the 

difference between sprint speed before exposure to H2S and sprint speed after. A 

larger positive difference indicates a larger effect of exposure to H2S on sprint 

speed. Data are presented as means + SE. No significant differences were found 

due to treatment (F2,26 = 0.757, p = 0.479). Numbers within each bar indicate 

sample size for that treatment (i.e., number of lizards).  
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Figure 5.3 Time-to-event analysis for the time taken for righting reflex across 

H2S treatments. The sample sizes (n) for each treatment are: control = 11, 30 

ppm = 11, 90 ppm = 7. There is no significant effect of treatment on righting time 

(χ
2
 = 0.3, p = 0.87).  
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Figure 5.4  Time-to-event analysis for the time to prey detection. The sample sizes 

(n) for each H2S treatment are: control = 11, 30 ppm = 11, 90 ppm = 7. There is 

no significant effect of treatment on time to detection (χ
2
 = 0.1, p = 0.93). A plus 

sign indicates censored individuals (i.e., lizards that did not eat within a 10 

minute period, n = 1 for each treatment). 
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Figure 5.5  Time-to-event analysis for the time taken to capture prey across 

treatments. The sample sizes (n) for each H2S treatment are: control = 11, 30 

ppm = 11, 90 ppm = 7. There is no significant effect of treatment on time to 

capture (χ
2
 = 1, p = 0.61). A plus sign indicates censored individuals (i.e., lizards 

that did not eat within a 10 minute period, n = 1 for each treatment).  
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Figure 5.6  Effect of H2S treatment on number of strikes needed to capture prey. 

Data are presented as means + SE. No significant differences were found due to 

treatment (F2,23 = 0.426, p = 0.658). Numbers within each bar indicate sample size 

for that treatment (i.e., number of lizards).  
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Figure 5.7  Effect of Krovar and Quest herbicides on sprint speed. No significant 

differences were found due to treatment (F4,45 = 1.23, p = 0.311). Numbers within 

each bar indicate sample size for that treatment (i.e., number of lizards).  
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Figure 5.8  Time-to-event analysis for the time to prey detection. There is no 

significant effect of treatment on time to detection (χ
2
 = 2.4, df = 4, p = 0.66). A 

plus sign indicates censored individuals (i.e., lizards that did not eat within a 1 

minute period). 
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Figure 5.9  Time-to-event analysis for the time taken to capture prey across 

treatments. Data are presented as means + SE. There is no significant effect of 

treatment on time to capture (χ
2
 = 3.2, df = 4, p = 0.53). A plus sign indicates 

censored individuals (i.e., lizards that did not eat within a 1 minute period).  
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Figure 5.10  Effect of Krovar and Quest herbicides on number of strikes needed 

to capture prey. Data are presented as means + SE. No significant differences 

were found due to treatment (F4,31 = 0.88, p = 0.486). Numbers within each bar 

indicate sample size for that treatment (i.e., number of lizards).  
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CHAPTER VI 

 SUMMARY 

Our results suggest some compelling trends. First, birds may not be good 

surrogates for reptiles due to potentially large differences in toxicity and exposure 

between the two taxa. However, for compounds which show high toxicity (LD50 < 

1000 ppm) there is a strong relationship between bird and reptile toxicity estimates. 

Ultimately, until robust relationships have been created for reptile and bird LD50s, it 

is better not to use birds as surrogates for reptiles if possible. Under these 

circumstances, additional toxicity testing on reptiles would be warranted. Second, it 

appears that oral and dermal exposure routes can result in similar internal body 

residues following equal doses applied via each route. Therefore, it is important to 

develop accurate dermal exposure models to be sure that doses are correctly estimated. 

Ignoring dermal exposure is likely to result in inaccurate and highly uncertain risk 

assessments, especially for reptiles. The relative important of oral and dermal toxicity 

to reptiles may be chemical dependent and more research is needed to determine 

relationships between oral and dermal toxicity for reptiles. We hypothesize that that 

dermal and dietary exposures represent very different exposure regimes (Figure 6.1) 

which have large implications for ecological risk assessment. The implications may be 

different depending on the type of risk assessment being performed: an a priori 

pesticide risk assessment or a superfund site risk assessment. For pesticide risk 

assessments, if acute toxicity is the primary concern, dietary exposure may be a more 

important route. However, for superfund site risk assessments, in which exposure is 
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more or less continuous and ubiquitous, dermal exposure may be very important for 

reptiles, especially if they are not feeding often (e.g., snakes). More research is needed 

to improve our dermal exposure model (see Chapter II). If the dermal model is found 

to perform well in field experiments, it can be combined with dietary exposure 

modeling (see Chapter II) to have a complete understanding of reptile exposures. 

When combined with available reptile toxicity data (e.g., LD50s) or estimated from 

relationships with bird LD50s (see Chapter IV) a more accurate reptile risk assessment 

could be performed.  

It is possible for functional reptile ecological risk assessments to occur in the 

future and there is currently interest in more explicit amphibian and reptile risk 

assessments. The European Union is requiring consideration of amphibians and 

reptiles in ecological risk assessments, although it is still difficult to do so with the 

limited data available. The Society of Environmental Toxicology and Chemistry has a 

global advisory group for amphibian and reptile ecotoxicology. As a branch off of the 

advisory group, a committee focused on risk assessment is addressing specific issues 

associated with amphibian or reptile risk assessments. If a more robust relationship 

could be built between avian and reptile toxicity data (see Chapter IV), then greater 

confidence could be applied to reptile toxicity estimates derived from available avian 

estimates. Further, if a better understanding of reptile contaminant exposure (see 

Chapter II and III) leads to better exposure modeling, a robust reptile-based risk 

assessment seems not only plausible, but necessary for future contaminant 

conservation efforts. 
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Figure 6.1 Hypothetical relationship between dietary (solid line) and dermal 

(dashed line) exposure in reptiles. Dietary exposure (for compounds that are not 

bioaccumulative) represents a short term, large peak exposure, while dermal 

exposure represents a longer, smaller peak exposure. The area under the curves 

is assumed essentially equal. See text for potential ecological risk assessment 

implications. 


