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ABSTRACT 

Organochlorine (OC) pesticides such as DDT were once globally applied. 

While having relatively low acute toxicities, OCs persist and accumulate in the 

environment. Such characteristics may present long-term health risks for long-

lived, top-level predators, including humans. These risks are amplified in 

developing countries, where OC pesticides have generally been misused. The 

presence of OC contaminants in the environment has been extensively studied. 

Unfortunately, these studies often involve the trapping and killing of wild species; 

such sampling techniques are known as lethal sampling. There is a need to 

develop non-lethal sampling techniques for monitoring OC exposure in 

endangered and threatened species. A proposed example of a non-lethal 

sampling technique involves using the chorioallantoic membrane (CAM) for 

estimating OC exposure in oviparous species. 

Morelefs crocodiles found in Belize are a top-level predator and 

considered a good sentinel species for investigating OC contamination in the 

environment. Listed as an endangered and threatened species, non-viable eggs 

of these crocodiles are also known to contain OC contaminants (Wu et al., 

2000a). In this study, viable and non-viable Morelefs crocodile eggs were 

collected from wild nests located in Gold Button Lagoon, Orange Walk, Belize. 

The viable eggs were allowed to hatch in natural incubators. As the eggs 

hatched, CAMs and scute samples from the respective neonates were removed. 

CAM samples were obtained from 7 different nests. Non-viable eggs were 
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obtained from 4 different nests. All samples, CAMs (122), non-viable eggs (19), 

and scutes (25), were screened for OCs using gas chromatography with electron 

capture detection. 

OC contaminants were detected in all three types of samples (CAMs, non

viable eggs, and scutes). DDE was the most prevalent contaminant, and was 

detected in 69% of the CAMs, 100% of the non-viable eggs, and 4% of the 

scutes. DDE concentrations in CAMs ranged from 0.3-17.2 ppb. Other 

contaminants detected in the CAMs included lindane, heptachlor, dieldrin, endrin, 

DDT, and methoxychlor. DDE concentrations in non-viable eggs ranged from 

2.4-144 ppb. Besides DDE, other contaminants found in the non-viable eggs 

included methoxychlor, aldrin, dieledrin, and heptachlor. Only 2 of the 25 

neonate scutes had detectable amounts of OCs. Specifically, scute 3888 was 

contaminated with methoxychlor (4350 ppb) and scute 3822 was contaminated 

with both DDE (350 ppb) and DDT (720 ppb). 

Detection of OC contaminants In CAMs of Morelefs crocodile is cause for 

concern. This species should continue to be listed under Appendix I of the 

Convention on International Trade in Endangered Species of Wild Fauna and 

Flora (CITES) and efforts should be maintained to monitor its status. 

Vlll 



LIST OF TABLES 

2.1 Summary of OC contaminants Wu and coworkers found 
in Belizean crocodiles and sample media 18 

5.1 Organochlorine contaminants detected in Morelefs 
crocodile sample media from Gold Button Lagoon, 
Nest 11-98 (October 2, 1998) 52 

5.2 Organochlorine contaminants in CAMs from an incomplete 
clutch of viable Morelefs crocodile eggs collected 
from Gold Button Lagoon, Nest 1-99 (September 18-25, 1999) 54 

5.3 Organochlorine contaminants in CAMs from a complete 
clutch of viable Morelefs crocodile eggs collected 
from Gold Button Lagoon, Nest 8-99 (October 1-9, 1999) 55 

5.4 Organochlorine contaminants in CAMs from a complete 
clutch of viable Morelefs crocodile eggs collected from 
Gold Button Lagoon, Nest 1-00 (August 10, 2000) 57 

5.5 Organochlorine contaminants in CAMs from a complete 
clutch of viable Morelefs crocodile eggs collected 
from Gold Button Lagoon, Nest 4-00 
(August 30 and September 3, 2000) 58-59 

5.6 Organochlorine contaminants in CAMs from a complete 
clutch of viable Morelefs crocodile eggs collected 
from Gold Button Lagoon, Nest 6-00 (September 19-20, 2000) 61 

5.7 Organochlorine contaminants in CAMs from a complete 
clutch of viable Morelefs crocodile eggs collected from Gold Button 
Lagoon, Nest 7-00 (September 20, 2000) 62 

5.8 Organochlorine contaminants detected in non-viable 
Morelefs crocodile eggs from Gold Button Lagoon, Nest 1-00 64 

5.9 Organochlorine contaminants detected in non-viable 
Morelefs crocodile eggs from Gold Button Lagoon, Nest 4-00 65 

5.10 Organochlorine contaminants detected in non-viable 
Morelefs crocodile eggs from Gold Button Lagoon, Nest 6-00 66 

IX 



5.11 Organochlorine contaminants detected in non-viable 
Morelefs crocodile eggs from Gold Button Lagoon, Nest 7-00 67 

5.12 Organochlorine contaminants detected in Morelefs 
crocodile sample media from Gold Button Lagoon, 
Nest 1-00 (August 10, 2000) 70 

5.13 Organochlorine contaminants detected in Morelefs 
crocodile sample media from Gold Button Lagoon, 
Nest 6-00 (September 19-20, 2000) 71 

5.14 Comparison of computed partitioning factors for 
Morelefs crocodile versus American Alligator 72 

A.I One-way Analysis of Variance: DDE [c] among all 
CAMs collected during the 2000 field season 
(GBL nests 1-00, 4-00, 6-00, and 7-00) 
that tested positive for DDE 97 

A.2 Two Sample T-Tests and Confidence Intervals 
representing DDE [C] in CAMS v. Non Viable 
Eggs GBL Nest 1-00 98 

A.3 Two Sample T-Tests and Confidence Intervals 
representing DDE [C] in CAMS v. Non Viable 
Eggs GBL Nest 4-00 99 

A.4 Two Sample T-Tests and Confidence Intervals representing 
DDE [C] in CAMS v. Non Viable Eggs GBL Nest 6-00 100 

A.5 Two Sample T-Tests and Confidence Intervals representing 
DDE [C] in CAMS v. Non Viable Eggs GBL Nest 7-00 101 



LIST OF FIGURES 

2.1 Map of Belize and surrounding Central American countries 11 

2.2 Developing chicken embryo and CAM 20 

2.3 Eggshell and CAM from recently hatched Morelefs crocodile 21 

4.1 Map and physical characteristics of Gold Button Lagoon 40 

4.2 Relative geographic location of each crocodile nest within 
Gold Button Lagoon during 1998, 1999, 
and 2000 field seasons 41 

5.1 Regression analysis for [DDE] in CAMs and Non-viable 
eggs from 2000 68 

XI 



LIST OF ABBREVIATIONS 

ASE Accelerated Solvent Extraction 

CAM Chorioallantoic Membrane 

CITES The Convention on International Trade in Endangered Species of 
Wild Fauna and Flora 

CSG Crocodile Specialist Group 

DCBP Decachlorobiphenyl 

DDD 1,1 -dichloro-2,2-bis (p-chlorophenyl) ethane 

DDE 1,1 -dichloro-2,2-bis (p-chlorophenyl) ethylene 

DDT 1,1,1 -trichloro-2,2-bis (p-chlorophenyl) ethylene 

ECD Electron Capture Detector 

EDC Endocrine Disrupting Chemical 

ESA Endangered Species Act 

GBL Gold Button Lagoon 

GPC Gel Permeation Chromatography 

HCH Hexachlorocydohexane 

NEPA National Environmental Policy Act 

OC Organochlorine 

PCB Polychlorinated Biphenyl 

PIC Prior Informed Consent 

TCMX Tetrachloro-meta-xylene 

XII 



CHAPTER I 

INTRODUCTION 

As the human population continues to increase, so do the demands 

placed on the Earth's resources. In order to feed, clothe, and shelter the 

increasing population, the Earth's production capacity has been pushed further 

than ever before. Such production demands have resulted in an environmental 

blitzkrieg; many of the recent technologies were put into application without the 

forethought to their long-term effects. Many of these technologies were so 

effective and so needed, that they literally outpaced their own logistical 

understanding. From an environmental toxicology perspective, no recent 

technology better represents this analogy than the former, widespread use of 

organochlorine (OC) pesticides. 

OC pesticides, such as DDT, were once regulariy applied to a wide array 

of environments. Their use greatly expanded agriculture development,t and in 

many cases saved thousands of lives. At the time, human society appreciated 

the immediate, tangible benefits offered by OCs. It was not long, however, 

before the long-term and often intangible consequences of OCs were 

understood. Seemingly overnight dramatic decreases In several wildlife species 

were observed. Not surprisingly, public concern increased and scientific studies 

were undertaken to discern the effects of OCs on the environment. Almost 

immediately high levels of DDT and its metabolites were found in a variety of 



threatened species, including brown pelicans and peregrine falcons (Blus, 1982; 

Peakall et al., 1983). 

Past studies have answered many questions about OCs and their effects 

on the environment. It is now known that such chemicals persist in the 

environment and will accumulate in a variety of species. It is also known that 

OCs are surprisingly mobile, thus able to move between environmental 

compartments via the atmosphere. Studies have demonstrated that OCs were 

and continue to be responsible for reproductive failures in many species (Peakall 

etal., 1983; Blus, 1982; Hall, 1980; Elliot etal.. 1988). Very recent studies 

evaluating OCs have considered other effects, such as the potential for 

endocrine disruption. OC contaminants present health risks not only for wild 

species, but also for humans. For this reason, there is a continuing need to 

garner a better understanding of the presence and effects of OCs in the 

environment. 

Many methods exist for evaluating OC exposure In wild animals. 

Unfortunately, many of these methods involve lethal sampling techniques, which 

are not useful for evaluating threatened or endangered species. While efficient in 

assessing OC exposure, over time these methods can also be very efficient in 

depleting a natural population. In some cases, endangered species are most 

effected by OC exposure and it is not feasible to remove any specimens from its 

population. For this reason, non-lethal/non-invasive methods for assessing OC 

exposure must be developed. A non-lethal sampling method means that the 

animal taken from the wild is not sacrificed during the procedure. Examples of 



non-lethal sampling methods could Include capturing an animal and removing a 

portion of non-vital tissue such as a blood, hair, or skin. A non-Invasive sampling 

method means therefore, that when a sample is taken, there is little or no contact 

between the investigator and the animal. An example of such a method could 

include the harvesting of discarded tissues, such as eggshells in oviparous 

species. Not surprisingly, the opportunities for applying such methods are highly 

species specific. 

One of the most recent documented examples of a non-lethal/non-

invasive sampling technique involves the use of the chorioallantoic membrane 

(CAM) found in discarded eggshells of oviparous species. The CAM is a highly 

vascular membrane that is discarded along with the eggshell at birth (Ferguson, 

1982). Although studies have evaluated the potential use of the CAM as a 

surrogate for predicting OC burden in both an entire egg and in a neonatal 

organism, debate continues as to the reliability of the technique (Cobb et al., 

1997; Cobb and Wood, 1997; Pastor et al., 1996; Barger et al., 1999; Barger, 

2000). For this reason, studies should be continued as opportunities for CAM 

research present themselves. 

Morelefs crocodile (Crocodylus moreletii), a threatened species, is a 

prime candidate for assessing the practicality of using the CAM as a surrogate 

for predicting OC exposure. A large predator with a long life span, Morelefs 

crocodile is likely to be exposed to a variety of environmental contaminants. 

Developing a reliable, non-lethal/non-invasive sampling technique to assess OC 

exposure in this species would likely benefit both the investigator and the animal. 



For Instance, unlike birds, the crocodile is very large and very aggressive, and 

presents unique sampling challenges for the investigator. If the CAM could be 

shown to be a reliable indicator of OC exposure, then sampling to assess OC 

exposure in large reptiles could be a matter of removing recently hatched eggs 

from a nest. Although there are certain challenges associated to this sampling 

method, there is a need for such a sampling technique, for over-sampling of live 

animals could harm a natural population (Jennings et al., 1988). 

Past research demonstrated that Morelefs crocodiles, as well as their 

surrounding habitat, namely the sediment and nest material, in Gold Button 

Lagoon, Orange Walk, Belize have been exposed to OCs (Wu et al., 2000a; 

2000b; Wu, 2000). For this reason, we hypothesized that OCs would also be 

present in detectable quantities within the discarded CAMs of hatched neonates. 

The purpose of this study was to screen CAMs from hatched eggs for the 

presence of OCs. 



CHAPTER II 

BACKGROUND 

2.1 Organochlorine Contaminants in the Environment 

Organochlorine (OC) compounds have become a serious environmental 

concern. In the past, such chemicals were widely used as pesticides (Murray, 

1994). Increased knowledge concerning the physiochemical properties, 

environmental fate, and consequences of OC compounds has led to severe use 

restrictions. 

While chemical characteristics such as non-polarity, lipophiliclty, and low 

volatility made OCs effective pesticides, such characteristics also made them 

very persistent in the environment (MacKay et al., 1997). For this reason, OCs 

can be ingested and absorbed by soil-dwelling organisms such as earthworms, 

and then transported up the food chain to higher predators (Awata, 1999). Such 

a process is known as biomagnification. Bioaccumulation, a related term, is used 

to define the increase in concentration of a chemical over time in a biological 

organism compared to the chemical's concentration in the environment (Grain, 

2000). These chemicals are highly lipid soluble and able to accumulate in the fat 

depots of wild animals. Once stored In the fat, these chemicals are degraded 

very slowly, if at all. Furthermore, due to multiple chlorine substitutions, these 

chemicals have long half-lives and high sorption coefficients (Kocs) in the 

environment. Physiochemical properties of OCs, thus play an important role in 

their ability to bioaccumulate. 



Environmental conditions also play an important role in determining the 

fate of a chemical. When released into soil, OCs are relatively immobile and 

usually confined to the upper layer of soil. The longer a chemical remains sorbed 

to soil particles, the fraction of the chemical that is available to soil organisms 

decreases (Hatzinger and Alexander, 1995). Specific soil characteristics will 

ultimately determine the potential for OC sorption, with higher organic matter 

content generally Increasing sorption potential (Kelsey and Alexander, 1997). 

Additionally, in warmer climates, increased temperature, sunlight, and humidity 

enhance microbial degradation, atmospheric volatilization, and photodegradatlon 

of OC compounds (Castillo et al., 1997). While this may appear to be beneficial, 

in reality OC degradation products are often as mobile and as toxic as the parent 

compound. 

The toxicity and surprising mobility of OCs has been well documented. 

Even in areas where they have never been used, OC pesticide residues can be 

detected. For example a large variety of OCs, including PCBs, DDT, HCH, 

toxaphene, and chlorobenzenes were detected in artic cod, polar bears, and 

ringed seals from the east-central Canadian Artic (Muir et al., 1988). As for toxic 

effects, OCs are thought to be responsible for an array of deleterious conditions 

in wild species. Reproductive failures caused by exposure to DDE and other 

OCs have been noted in peregrine falcons (Faico peregrinus) (Peakall et al., 

1983). Similar reproductive failures have been noted in other avian species 

including the brown pelican (Pelicanus occidentalis) (Blus, 1982). 



Although their woridwide use has been severely restricted, many 

developing countries continue to use OCs as pesticides for agricultural purposes 

(Murray, 1994; Grain, 2000). In an effort to control diseases such as malaria, 

these countries also use OCs to control mosquito populations (Youdeowei and 

Service, 1983; IPCS, 1996). While this is unfortunate, it should be remembered 

that formerly such chemicals were also widely used by developed countries such 

as the United States. 

2.1.1 OCs in Tropical Ecosystems of Central America 

Many of the remaining tropical ecosystems are found in developing 

countries, and these ecosystems have been and continue to be exposed to OC 

contaminants (Murray, 1994). In these countries, the potential for environmental 

risk is increased for there is little, if any, governmental regulation in place to curb 

potential exposures in humans and wildlife. For example, while developing 

countries account for roughly twenty percent of the global pesticide use, these 

same countries account for over half of all woridwide deaths associated with 

pesticide misuse (Grain, 2000). This assertion is put into perspective considering 

that 220,000 deaths woridwide deaths are attributed each year to pesticide 

misuse (Zehedi, 1999). 

Pesticide use in Central America is not an exception. In fact, due in large 

part to the "Green Revolution" and cotton boom of the 1960s, pesticide use in 

Central America has grown at an alarming pace (Grain, 2000). Central America 

has many pesticide problems common to most developing regions (Wright, 



1990). Unfortunately, these problems have often been amplified due to unique 

circumstances such as fragmented political boundaries, civil wars, and natural 

disasters (Holley, 1998). 

While the Central American statistics concerning pesticide use on human 

health are far from complete, it is safe to say that indigenous populations of 

wildlife and humans face increased exposure risks to pesticides as compared to 

their counterparts in more developed countries. Such Increased risks are 

primarily due to improper pesticide application, misuse, and spills (Grain, 2000; 

Wright, 1990). This list of improprieties is by no means meant to be exhaustive, 

and such improprieties are responsible for both acute and chronic exposures. 

These exposures are far from mere conjecture, as reported DDT levels in some 

Central Americans are 31 times that of levels detected in United States' 

populations (Zehedi, 1999). Additionally, cow milk in Guatemala was reported as 

having DDT levels 99 times greater than allowed for consumption In the U.S. 

(Zehedi, 1999). Such exposures present a danger not only to wildlife, but also to 

humans. 

Possibly the region's most at risk human population are its agricultural 

workers. Reports have documented dangerous pesticide transportation and 

storage conditions, unnecessary applications, and use in close proximity to 

waterways (Murray, 1994; Youdeowei and Service, 1983; Zehedi, 1999; Wright, 

1990). Specifically, agricultural workers are exposed where aerial pesticide 

spraying is occurring or when they re-enter fields too soon after a pesticide 

application (Grain, 2000). Often, these exposures are exacerbated by the lack of 
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proper protective equipment. Additionally, excess pesticides and used 

containers are not disposed of properiy (Zehedi, 1999). Improper practices such 

as these should be expected, as Central American countries rarely require 

training or certification for purchasing or applying pesticides (Murray, 1994). 

These practices are in sharp contrast to countries such as the United States, 

where statutes such as the Resource Conservation Recovery Act (RCRA), the 

Federal Insecticide Fungicide Rodenticide Act (FIFRA), the Clean Water Act 

(CWA), and the Toxic Substance Control Act (TSCA) govern agrochemical use 

and disposal. 

Scientific evidence and common sense suggests that OC pesticides may 

be more toxic In tropical environments. From a scientific viewpoint, it appears 

that increased temperature and humidity in tropical ecosystems increases toxicity 

of OC compounds. Toxicity is increased because certain factors make OCs 

more available for uptake by biota. Specific factors increasing toxicity in aquatic 

biota due to increased temperature include higher solubilities of toxicants in 

water, an augmented rate of uptake and blood flow, and increased 

bioconcentration (Castillo et al., 1997). Practically speaking, the mere fact that it 

is hot and humid may also serve as an explanation for the increased OC toxicity 

to humans in tropical environments. In other words, even if protective equipment 

is available, it is unlikely that agricultural workers will choose to wear It (Zehedi, 

1999). Such choice will not necessarily be an "educated" one, for many Central 

American agricultural workers are illiterate and poorly educated (Zehedi, 1999). 



Central American pesticide use is among the most concentrated in the 

worid, as many of the countries in the region have agricultural-based economies 

(Grain, 2000). Common crops for the region include bananas, coffee, cotton, 

rice, and sugar cane (Holley, 1998). As a region. Central America imported an 

average of 54 million kilograms of pesticides per year during the 1980s (Castillo 

et al., 1997). As for individual countries, 1970 pesticide Imports amounted to 5.8 

million kilograms in Costa Rica (Castillo et al., 1997), and by 1977 in Nicaragua 

and Guatemala over 8.5 million kilograms were being used in cotton production 

alone (Murray, 1994). 

Compared to these countries, Belize (Figure 2.1) has a smaller area of 

cultivated land (500km^), but uses proportional amounts of pesticides per acre 

(Castillo et al., 1997). The Belizean government reports that only 10% of its 

available land is currently used for agriculture purposes (Briceno, 2000). While 

the specific pesticide used often depends on the crop, most have been broadly 

classified as either insecticides or fungicides. Broad, unrestricted use of OC 

pesticides may have led to environmental contamination in surrounding 

waterways (Norena-Barroso et al., 1998). Although Belize, as well as other 

Central America countries, subsequently banned many OC pesticides, some 

were commonly used through the mid 1980s (IPCS, 1996). Having done away 

with most of the OC pesticides, these countries now rely on less persistent but 

more toxic pesticides such as organophosphates, carbamates, and pyrethroids 

(Murray, 1994). 
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Figure 2.1 Map of Belize and surrounding Central American countries. 
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Developments in Central America have been implemented to combat the 

problems associated with pesticide abuse. Increasing global awareness to 

Central American pesticide problems has occurred due in part to principles 

established in 1985 under the International Code of Conduct for the Distribution 

and Use of Pesticides (Grain, 2000). The Code of Conduct sets out 

responsibilities, especially for pesticide manufacturers, concerning pesticide 

testing, distribution, trade, advertising, and packaging. The Code of Conduct 

was amended in 1989 to include the Prior Informed Consent (PIC) procedures, 

which established a voluntary process for controlling pesticide exports to 

developing countries (Zahedi, 1999). It was not until 1998 during the Rotterdam 

Convention, however, that the Code of Conduct and its PIC procedures were 

given the effect of a legally binding treaty (Rotterdam Convention, 1998). Such 

international infrastructure is important, but more localized efforts are needed to 

Insure safe, effective pesticide use. At least one commentator believes that it is 

premature to celebrate the recently achieved Central America environmental 

initiatives (Holley, 1998). 

2.2 Effects of OCs on Crocodilians 

Although ever increasing, our knowledge concerning the presence and 

effects of OCs in crocodilians is limited. Broadly speaking, OCs inhibit the active 

transport of cations and are acutely toxic to the nervous system (Hall, 1980). 

While each OC pesticide has its own mechanistic action. It can be broadly stated 

that OCs disturb the balance of sodium and potassium within the neurons (Ware, 
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1994). In acutely exposed organisms, this disturbance within the neurons often 

causes tremors, convulsions, and prostration and may result in death (Ware, 

1994). OCs were generally not designed to be used as pesticides against 

reptiles, but DDT has been reported to be used as a snake poison where captive 

specimens died as a result of being fed DDT dosed (0.01 g) capsules (Hall, 

1980). Most effects in reptiles including crocodilians, therefore, are not intended 

and can be considered secondary effects. A good example of such an effect is 

the association between impaired reptilian eggshell deposition and the presence 

of subacute levels of OC contaminants (Hall, 1980). It is not known in reptiles, 

however, the extent to which OCs may cause classic "eggshell thinning" as in 

avian species. Possibly the most serious and most recent effect linked to OC 

exposure in reptiles is that of endocrine disruption. 

2.2.1 Endocrine Disruption 

The endocrine system is composed of an array of organs and tissues. 

Endocrine glands including the pituitary, thyroid, and adrenal glands, secrete a 

variety of hormones important for normal growth and development. Additionally, 

both the male and female reproductive systems, and their relative hormones 

androgens and estrogens, are Involved. Such hormones act as messengers 

from one part of the body to another. Such "messages" are crucial to normal 

sexual development, and interactions with contaminants may alter the normal 

hormonal balance, thus causing abnormalities in development (Klassen, 1996). 
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Evidence suggests that exposure to certain environmental contaminants 

can alter the normal functions of the endocrine system in certain species (Gillis, 

1994). These chemicals, broadly classified as endocrine disrupting chemicals 

(EDCs), may play a role disrupting a number biological events related to growth, 

development, and reproduction. Potential EDCs include environmental pollutants 

such as OCs (Matter et al., 1998). 

The reason EDCs are dangerous lies in their ability to mimic or block sex 

hormones such as testosterone and estrogen (Gillis, 1994). These actions can 

lead to effects which are classified as either organizational or activational. An 

example of an organizational effect would be an irreversible morphological or 

functional effect in the organism that often arises during a sensitive period of 

development. Because developing embryos have increased cell division, they 

are especially sensitive to and likely candidates for organizational effects. An 

activational effect is generally described as a temporary alteration of morphology 

or function. 

Endocrine abnormalities have been extensively investigated in the 

American alligator (Alligator mississippiensis) (Matter et al., 1998). In a series of 

much publicized studies conducted on Florida alligators, investigators described 

dramatic developmental abnormalities. Most of the research came after 

discovering low clutch viability and abnormal reproduction in specimens 

inhabiting Florida's Lake Apopka (Gross et al., 1994; Sememza et al., 1997 ). In 

1980, the Tower Chemical Company was responsible for discharging a pesticide 

composed primarily of dicofol and DDT, into Lake Apopka (Woodward et al., 
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1993). While this was the largest noted spill, over the years of Tower's operation 

several smaller spills were thought to have occurred. DDT is a synthetic 

estrogen-like chemical that binds to and activates the estrogen receptor (Matter 

et al., 1998). For this reason, it has been implicated in interfering with embryonic 

development and adult reproduction. Studies demonstrated that male alligators 

inhabiting Lake Apopka had much lower testosterone levels as compared to 

other alligators from a reference site. In addition. Lake Apopka female alligators 

demonstrated much higher levels of estradiol, an estrogen produced by their 

ovaries, as compared to females from a reference site (Gross et al., 1994). This 

study was especially interesting in light of eariier studies noting that one 

developmental feature of reptiles is their ability to undergo sex reversal if 

exposed to chemical compounds mimicking estrogen during critical eariy phases 

of development (Bull et al., 1988; Gutzke and Bull, 1986). 

Several other studies have noted similar effects in Lake Apopka alligators. 

In a series of studies, Guillette and coworkers noted that plasma steroid hormone 

concentrations were abnormal and correlated to altered gonadal morphology and 

smaller phallus size in Lake Apopka males (Guillete et al., 1994, 1996, 1999). 

Grain and coworkers evaluated the sex-steroid and thyroid hormone 

concentrations in juvenile alligators and noted little relationship between hormone 

levels and specimen size (Grain et al., 1997, 1998). This lack of correlation was 

thought to reflect altered reproductive potential in these animals. Additionally, 

the investigators suggested that such effects were of organizational nature and 
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more pronounced in larger juvenile specimens. This is Indicative of a more 

persistent and long-term threat. 

Great debate continues as to the real effects of EDCs. More research in 

areas concerning both wildlife and humans is being conducted every year. 

Industry continues to fund research, especially in the areas linking EDCs to 

breast cancer, human sperm quality, and wildlife effects (Fairiy et al., 1996). 

2.2.2 OCs in Morelefs crocodile of Belize 

A number of studies have evaluated OC contaminant levels In 

crocodilians; most of these have concerned the American alligator (e.g., Heinz et 

al., 1991; Kern and Ferguson, 1997; Gross etal., 1994; Barger etal., 1999; Cobb 

et al., 1997a; Grain et al., 1998). Relative few studies have evaluated the 

presence of OC contaminants In crocodilians beyond the Northern hemisphere. 

Even fewer studies have evaluated OC contaminants in crocodilians inhabiting 

the Southern hemisphere; most of these have evaluated eggs of African species 

(Wessels et al., 1980; Phelps et al., 1986; Phelps et al., 1989; Skaare et al., 

1991). 

Recently, OC contaminants were analyzed in eggs of two Central 

American crocodilians: the American crocodile (Crocodylus acutus) (Wu et al., 

2000b; Wu, 2000) and Morelefs crocodile (Wu et al., 2000a; Wu, 2000). These 

data were very important to my study concerning OCs in CAMs. Detection of 

widespread OC contamination in a variety of sample media gave rise to the need 

to evaluate whether OCs could also be detected in the CAM of Morelefs 
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crocodile. These studies are unique because they represent the first published 

material concerning OC contamination in crocodilians from Central America. A 

variety of OC contaminants were detected in non-viable eggs of the two species 

(Wu et al., 2000a, 2000b). Additionally, Wu and coworkers were able to analyze 

the respective nest material and sediment from the research site where the eggs 

had been collected. Results from these studies on OCs in Belizean crocodiles 

and sediment/nest media are summarized in Table 2.1. Such data suggest that 

wild species inhabiting tropical ecosystems of Belize continue to be exposed to 

OCs. 

Unlike Wu's study, our study evaluated the presence of OC contaminants 

in the chorioallantoic membrane (CAM), a residual tissue harvested from a 

hatched egg (this is the first study to evaluate the presence of OCs in CAMs from 

Morelefs crocodile). Furthermore, to our knowledge, this is the first study to 

evaluate such exposure in CAMs in any crocodilian species outside the 

continental United States. 
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Table 2.1 Summary of OC contaminants detected in Belizean crocodiles and 
sample media (Wu et al., 2000a, 2000b, Wu, 2000). 

Species/Sample 
Media 

American crocodile 
(C. acutus) 

Morelefs crocodile 
(C. moreletti) 

Nest Soil Sediment 

Nest Material 

Location 

Cay Caulker, 
Blackbird Cay, 

Gales Point, and 
Maps Cay 

Gold Button 
Lagoon 

Gold Button 
Lagoon 

Gold Button 
Lagoon 

Matrix 

Non-viable 
eggs 

Non-viable 
eggs 

OC Contaminants 
Present 

DDT, DDE, DDD, 
methoxychlor, -

chlordane 

DDT, DDE, DDD, 
methoxychlor, 

aldrin, endosulfan 1 

aldrin, endrin 
aldehyde, 
heptachlor 

epoxide, lindane, 
methoxychlor, 
DDT, DDE, -

chlordane, -BHC, 
-BHC 

aldrin, endrin 
aldehyde, 

endosulfan 1, 
methoxychlor, 

DDT, DDD, endrin, 
-BHC, -BHC 
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2.3 The Chorioallantoic Membrane as a 
Surrogate for Chemical Exposure 

A non-lethal/non-invasive sampling method for oviparous species involves 

the screening of the chorioallantoic membrane (CAM). The CAM is a highly 

vascular membrane formed just before organogenesis and primarily responsible 

for gas exchange and excretory function in the developing embryo (Ferguson, 

1982). Specifically, the CAM results from the fusion of the chorion and allantois 

membranes (Figure 2.1), and as development continues, its outer layers 

transport large amounts of blood from the embryo (Cobb et al., 1997). Upon 

hatching, the CAM remains intact inside the discarded shell (Figure 2.2), and can 

be easily harvested and screened for contaminants (Cobb et al., 1994). The 

circulatory mechanisms in the developing egg make the CAM a likely candidate 

for ultimate contaminant deposition. It has been suggested that if chlorinated 

hydrocarbons are contained in the yolk sac, they could be transported into the 

embryo via hepatic portal circulation (Cobb et al., 1997). In such a scenario, the 

embryo's circulatory system could either (1) transport contaminants to the CAM 

directly or (2) excrete contaminants into the allantois. In either case, 

contaminants would have had the opportunity to partition into the embryo and be 

metabolized before being deposited into the CAM. 

Originally used to assess contaminant levels in avian species, it was 

hypothesized that CAMs could also be useful indicators of chlorinated 

contaminants in reptiles. Operating on this belief, two independent studies 

evaluated the practicality of using CAMs of both the loggerhead sea turtle 
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Eggshell Membrane 

Developing Embryo 

Yolk 

CAM 

Figure 2.1 Developing chicken embryo and CAM. While not exactly to scale for a 
developing Morelefs crocodile, it is useful in explaining the relative position and 

purpose of the CAM, for such tissue is present in both species. 
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Figure 2.2 Eggshell and CAM from recently hatched Morelefs crocodile. This 
picture, taken by Thomas Rainwater, depicts a freshly hatched Morelefs 

crocodile egg. The CAM, as depicted by the reddish interior of the egg, was 
subsequently retrieved and analyzed for OC contaminants. 
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(Caretta carreta) and the American alligator (Alligator mississippiensis) to assess 

PCB exposure (Cobb et al., 1997; Cobb and Wood, 1997). Results from both 

studies indicated that PCBs were found in detectable quantities within the CAMs. 

In the sea turtle study, it was hypothesized that PCBs with low chlorine content 

would partition into the CAM more readily as they are more water soluble, easily 

transported across membranes, and readily metabolized by liver enzymes (Cobb 

and Wood, 1997). Interestingly, the results supported such a hypothesis; di-, tri-, 

and tetra-chlorobiphenyl congeners were found in greater quantities in the CAMs 

as compared to the whole egg. Cobb and coworkers ultimately concluded that 

PCB concentrations in CAMs were representative of PCB concentrations in 

whole eggs. 

In the alligator study, PCBs were documented in CAMs retrieved from 

viable eggs collected from wild nests along the southern coast of South Carolina 

(Cobb et al., 1997). Although all CAMs tested contained OC contaminants, the 

CAMs collected from a known contaminated site had higher concentrations of 

PCBs than those collected from a "pristine" reference site. It was noted that total 

PCB concentrations were greater In eggs failing to develop embryos as 

compared to eggs producing embryos. Cobb and coworkers provided two 

explanations for such a result; PCB concentrations were greater because there 

was no embryo to metabolize and excrete the PCBs, or the higher concentrations 

produced toxic responses in the mother or embryo, which disturbed complete 

embryo development. As observed in the sea turtle study, di- through tetra-

chloroblphenyls were detected more frequently in the alligator CAMs as 
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compared to whole eggs. Finally, it was suggested that there must be a 

threshold concentration of PCBs present in the embryo before it is possible to 

detect their presence in the CAMs. Cobb et al. explained that achieving such a 

threshold concentration is likely, for the yolk material is mobilized into the 

bloodstream of the embryo prior to the formation of the chorion and allantois, the 

two membranes ultimately responsible for comprising the CAM. Since the 

embryo has been developing for several days prior to the formation of the CAM, 

there would be sufficient opportunity for the embryo to accumulate a threshold 

concentration of lipophilic compounds (Cobb et al., 1997). As it achieves this 

threshold OC concentration, it would be expected that the developing embryo will 

unload a portion of its OC burden into the CAM. 

Cobb's two studies demonstrated the utility of using CAMs to assess PCB 

exposure. Of special interest, however, was the fact that both studies 

demonstrated that lower chlorinated PCBs were more likely to be found In the 

CAM as compared to the whole egg. While these results could be explained and 

supported the hypothesis, the reliability of such methods were questioned as a 

means for predicting total egg burdens for more lipophilic compounds. In other 

words, the important question that remained to be answered was whether CAMs 

are reliable indicators of exposure to highly chlorinated compounds. These 

compounds would be expected to remain in the developing embryo and its 

residual yolk, as such compounds are more lipophilic and more difficult to 

metabolize. 
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In an attempt to answer the "reliability question," a study using the CAMs 

of Audouin's gulls (Laurus audouinii) was conducted to assess exposure to OC 

contaminants (Pastor et al., 1996). Noting that embryogenesis encompasses the 

mobilization of lipids from the yolk into chick tissues, the study sought to analyze 

the transfer of OCs from each compartment within the egg. The compartments 

were defined as the yolk, embryo, and CAM. The purpose of Pastor's study was 

to determine whether the total pollutant burden found in CAMs could be used as 

a surrogate for predicting the OC load in the whole egg. Comparing the embryo 

and CAM OC burdens. Pastor and coworkers noted that the less lipophilic 

compounds such as hexachlorocyclohexanes (HCHs) were much more likely to 

be found in the CAM as compared to the yolk or embryo. Ultimately, the 

conclusion was made that the reliability of using CAMs as surrogates to predict 

total OC contaminant burden should be confined to HCHs, PCB52, and DDD. 

The statistical correlations for other OCs tested, including DDE, were too weak 

for the researchers to recommend using CAMs as a means for making 

predictions for these more lipophilic OCs (Pastor et al., 1996.). In conclusion. 

Pastor strongly urged that the reliability of CAMs as surrogates should be tested 

for each chemical and species, prior to their unrestricted and accepted use In 

non-lethal monitoring strategies. 

While such results led Pastor to question the reliability of CAMs as 

surrogates, certain details in his experiment deserve more explanation. In the 

study, only 11 CAM/egg samples were collected. Because each sample was 

collected as the eggs began to pip Gust prior to hatch), none of the chicks were 
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allowed to fully hatch. While such a protocol was necessary to satisfy the 

methods of the experiment, it is not at all reflective of what would naturally occur. 

Had the gull eggs been allowed to fully hatch, then a greater percentage of yolk 

would have been utilized by the neonates. Additionally, the embryos had not 

fully developed, thus they had not achieved their maximum metabolic rate. For 

these reasons, the CAM had not been fully utilized as the excretory membrane 

by the developing embryo. This scenario could serve to explain Pastor's 

observed OC partitioning among the egg compartments. 

Subsequent to Pastor's study, an independent study was undertaken that 

concerned the chemical distribution among fat, CAM, and residual yolk tissues of 

live neonatal American alligators (Barger et al., 1999). While the methods were 

remarkably similar to those of the Pastor study (Pastor et al., 1996), Barger et al. 

sought to assess the potential utility of the CAM as a non-lethal means for 

assessing PCB exposure in neonate alligators. This study was unique in that it 

was the first to attempt to correlate contaminant levels in CAMs to that of 

neonatal animals by assessing the relative distribution of contaminants among 

the fat, CAM, and residual yolk. Barger and coworkers concluded that PCB 

concentrations in the CAM were positively correlated with PCB concentrations in 

tissue samples from the alligators. It was determined however, that the 

relationship between contaminant levels in CAMs to that of live organisms was 

not yet well understood, especially for organochlorine contaminants other than 

PCBs. 
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What little literature is available on the subject of CAMs is conflicting and 

limited. For example, in Pastor's study (Pastor et al., 1996), most of the less 

lipophilic contaminants were detected in the CAM, while only a small number of 

highly lipophilic compounds were detected. In contrast, Cobb et al. (1997) found 

a variety of PCB congeners in alligator CAMs, and hypothesized that strong 

correlations existed among contaminant concentrations in CAMs, eggs, and 

neonates. While Cobb's studies (Cobb et al. 1997; Cobb and Wood, 1997) 

strongly supported the use of CAMs as a surrogate, most of the work was limited 

to predicting PCB exposure. A study evaluating other organochlorines, 

especially DDE and DDT, would be useful in garnering a better understanding of 

the CAM as a surrogate. Furthermore, exposure routes and levels in wild 

species are highly dependent on their specific environment. 

Studying OC exposure in Morelefs crocodile CAMs collected from the wild 

offers the opportunity to better understand the reliability of utilizing the CAM as a 

surrogate for predicting embryonic exposure in crocodilians. Such a study is 

significant because it not only allows for the non-lethal/non-invasive assessment 

of OC exposure in large reptiles, but also provides baseline data for determining 

the reliability of the technique itself. More importantly, this is the first study 

concerning OC exposure in CAMs of a crocodilian outside North America. There 

are significant differences in the life history traits between such various species 

as Morelefs crocodile and Audouin's gull. Moreover, there is even greater 

disparity between a temperate environment such as North America compared to 

a tropical environment such as Belize. Investigating the presence of OCs in 
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Morelefs crocodile CAMs, therefore, will help develop the literature base 

concerning the use of the CAM as a non-lethal/non-invasive sampling method. 

2.4 Overview of Morelefs Crocodile 

Morelefs crocodile is a medium-sized, freshwater crocodile that inhabits 

the Atlantic lowlands of Central America, namely Belize, Guatemala, and Mexico 

(Groombridge, 1987). Its specific life history traits make it well suited as a 

sentinel species for assessing environmental OC contamination. Morelefs 

crocodile has a very diverse diet, and has been known to feed on a variety of 

insects, fish, and mammals (Piatt, 1996; Piatt and Thorbjarnarson, 2000; 

Gonzalo et al., 1989). In fact, one study noted that Morelefs crocodile had a 

more diverse diet than two of its closest relatives, the American crocodile 

(Crocodylus acutus) and spectacled caiman (Caiman crocodilus) (Chlszar and 

Radcliffe, 1989). Such diversity in diet allows for many possible OC exposures 

via the food chain. Unlike many of its relatives, Morelefs crocodile will resort to 

necrophagy and is considered an opportunistic feeder (Chlszar and Radcliffe, 

1989). Feeding on dead or decaying animals, especially if such animals died as 

a result of chemical exposure themselves, would Increase the exposure 

opportunity in Morelefs crocodile. 

The habitat of Morelefs crocodile also provides the potential for increased 

OC exposure. As an aquatic predator, Morelefs crocodile literally spends its 

entire life in shallow water pools, lagoons, and rivers. In the wet season, it Is not 

uncommon for flooding to occur. These floods often inundate and destroy 
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incubating nests. Low lying areas such as these serve as sinks for run off 

generated by surrounding agriculture operations. Chemical contaminants are 

therefore likely to be deposited in the soil and sediment of these habitats. For 

this reason, all organisms inhabiting such habitats, including prey species for 

Morelefs crocodile, are likely to be exposed to chemical contaminants 

(Rainwater etal., 1999). 

The breeding characteristics of Morelefs crocodile have been 

investigated. In northern Belize, nesting season begins in middle to late June 

and coincides with the onset of the wet season. Nests are constructed in 

mounds consisting of vegetation, soil, and leaf litter (Piatt, 1996). Nest material 

could be a possible means of chemical exposure. Each nest contains a clutch of 

eggs laid by a single female, and eggs will incubate for approximately 75 days 

before hatching (Piatt, 1996). 

The specific Morelefs crocodile population of interest is found in Gold 

Button Lagoon (GBL), Orange Walk, Belize. GBL comprises 142 ha and is 

located on a private cattle ranch (Piatt and Thorbjarnarson, 2000). As compared 

to other regions in Belize, it is reported that GBL had the "highest encounter rate" 

for sighting of Morelefs crocodiles (Piatt and Thorbjarnarson, 2000). Although 

this population appears to be stable and in good condition (Rainwater et al. 

1998), at least two cases of ectromelia (limb deformation) have been recently 

reported from specimens taken from New River (Rainwater et al., 1999). New 

River is a large river located East of GBL. No specific cause was established, 

but in light of the Lake Apopka studies, exposure to environmental contaminants 
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is a possibility. Having rebounded from over hunting, this crocodile species now 

faces a possible new threat, namely the chronic exposure to organochlorine 

pesticides (Wu et al., 2000a; 2000b; Wu 2000). 

2.4.1 Morelefs Crocodile and CITES 

One of the most common reasons crocodilians are endangered is 

because of over hunting and the woridwide commercialization of their skins. It is 

reported that international trade in crocodilians is a 500 million dollar per year 

industry (Ross, 1998). Legislation, both foreign and domestic, has been enacted 

to control international trade in crocodilians. Today the most far-reaching, and 

perhaps most successful, international agreement governing woridwide 

commercialization of crocodilians is the Convention on International Trade in 

Endangered Species of Flora and Fauna (CITIES) (CITES, 1973). 

CITES is an important example of an international effort to conserve 

crocodilian species. Established in 1973 and ratified in 1975, the premise of 

CITES was to insure international cooperation in the protection of certain species 

of wild flora and fauna against the over-exploitation of international trade 

(Garrison, 1994). CITES seeks to balance two seemingly independent needs: on 

the one hand, the need for conservation and on the other, the need for trade. 

CITES functions to achieve these needs by grouping each listed species 

according to specific appendices. The method for listing each species to its 

respective appendix was developed to account for each species' relative risks to 

extinction. Such risks are broadly termed the Berne Criteria and refer to a listing 
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of specific biological and trade factors developed at the First Meeting of the 

Conference of the Parties, which was held in Berne, Switzeriand (Garrison, 

1994). 

The Berne Criteria, while seemingly broad and somewhat vague, provide 

biological and trade guidelines to be used by each party to the Convention for 

regulating trade in its domestic species. Biological factors established under the 

Criteria include: scientific reports on the population size or geographic range of 

the species, reports by reliable observers other than scientists on population size 

or range, and finally reports on habitat destruction, heavy trade, or any other 

potential concerns for extinction (Garrison, 1994). The trade factors are 

seemingly more vague and require reports where a species might, overtime, 

face international commercial exploitation. If trade is known to occur in a 

particular group of species, then the biological information need not be as 

complete (Garrison, 1994). Such is the case for crocodilians, as woridwide trade 

has become particulariy common, especially where the species are so closely 

related and each species is easily substituted among the various International 

markets for tanned crocodilian hides. 

There are three appendices under CITES. Species listed in Appendix I 

are those "threatened with extinction," and include the Morelefs crocodile 

(CITES, 1973). The effect of receiving such listing essentially prohibits all 

commercial trade in that species. Under Appendix I, when a species is shipped 

from a country, both the exporting and importing countries must have current 

CITES permits (Lafluer et al., 2000). This is in contrast to a species being listed 
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under Appendix II, which permits limited commercialization. Under Appendix II, 

only the exporting country need obtain a current CITES permit (Lafluer et al., 

2000). Under the permit, the exporting country must verify that the species was 

obtained legally and that its "export will not be detrimental to the survival of that 

species." Finally, Appendix III is more regional, as it lists species regulated 

solely by a party within its borders and merely requires the cooperation of other 

countries for commercialization purposes (Garrison, 1994). 

Certain resolutions have subsequently been adopted to supplement the 

Berne Criteria. These resolutions create special exceptions, namely captive 

breeding and ranching, and operate to allow limited trade in Appendix I species. 

Captive breeding would essentially allow a party to "farm" Appendix I species for 

commercial purposes (Ross, 1998). To qualify under the "captive breeding" 

exception, the farming operation must be confined to a "controlled environment," 

maintained without "augmentation from the wild," and ensure that the breeding 

stock is "maintained indefinitely." Captive breeding programs have been 

approved for many crocodilians, including Morelefs crocodile. The Crocodile 

Specialist Group (CSG), an international group of scientists formed under the 

lUCN Worid Union and committed to the conservation of crocodilians, appears to 

be somewhat critical of such programs (Ross, 1998). According to the CSG, 

breeding programs would only benefit wild populations if breeders were obligated 

to release a portion of their stock back into the wild. Even if breeding programs 

were 100% successful, there would be no incentive created to protect the 

populations. 
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Ranching, very similar to the concept of captive breeding, is defined as the 

"rearing in a controlled environment of specimens taken from the wild (Garrison, 

1994)." Ranching programs have been implemented in many countries including 

the United States, New Guinea, and Australia (TRAFFIC, 1990). What makes 

ranching programs unique is that parties are obligated to release certain portions 

of their stock to the wild. The greatest concern and disadvantage associated 

with ranching is that there may not be any way to derive a reliable marking 

system that could be created to distinguish between ranched and wild species. 

In other words, there may be an incentive to capture wild specimens and alter 

them so as to make them appear to have been raised on a ranch. 

Although currently listed in the United States as an endangered species 

under the Endangered Species Act (ESA), Morelefs crocodile is also 

internationally protected under Appendix I CITES (CITES, 1973). The ESA 

would protect Morelefs crocodile if it were found in the United States. 

Specifically the ESA would serve to prevent the "taking" of any specimens of this 

species. In other words, it would be against the law to trap, hunt, kill, disturb or 

molest this species in any way. Because Morelefs crocodile is not found in the 

United States, it is likely the only significant impact the ESA would have would be 

when attempts were made to import samples or specimens of this species. For 

this reason, CITES is very important to the conservation of this species. Most 

recently, the Morelefs crocodile is listed as a "lower risk, conservation dependent 

species," which means that while the species is not critically threatened; it is 

dependent on habitat conservation programs (Ross, 2000). Such listing under 
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CITES is very important to Morelefs crocodile, for relatively little ecological data 

is available concerning this species. For example, only recently was there any 

published population and range data made available for the population inhabiting 

Belize (Rainwater et al.,1998; 2000; Piatt and Thorbjarnarson, 2000). Another 

reason for concern is the recent studies describing OC contamination in this 

same population (Wu et al., 2000a; 2000b). Studies such as these, including this 

report on OC contaminants in CAMs, would be extremely valuable information if 

debate were to ensue as to whether Morelefs crocodile should be down listed 

under CITES from Appendix I to Appendix II or III. 

In addition to the ESA and CITES, the National Environmental Policy Act 

(NEPA) may also provide protection to Morelefs crocodile. NEPA applies to all 

federally funded projects likely to affect the environment, and operates to prevent 

any project likely to "substantially affect" the environment. Because our project 

was funded by the United States' Environmental Protection Agency, provisions of 

NEPA would be triggered. Anytime there an agency decision reaches the level 

of "major federal action," then a person such as our principal investigator would 

be legally required to write a detailed environmental impact statement explaining 

the potential impacts our study would have on the population of Morelefs 

crocodile. 

Fortunately, our project would fall under a scientific exception and our 

sampling techniques would be permitted to continue. Additionally, our project 

was designed to protect this species and steps were taken to ensure that little or 

no harm was done to the specimens. Finally, the funding for this project was 

33 



relatively small and NEPA only applies to "major federal actions." For these 

reasons, attempts by environmental protection groups to prevent research 

projects such as this would likely fail. 
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CHAPTER III 

RESEARCH OBJECTIVE AND HYPOTHESES 

3.1 Research Obiective 

The objective of this study was to evaluate the qualitative and quantitative 

OC exposure to CAMs of viable Morelefs Crocodile eggs from Belize. We 

planned to compare OC concentrations among CAMs, non-viable eggs, and 

scutes. For these comparisons, 19 non-viable eggs, which were taken from the 

same nests as the CAMs, and 25 scutes, which were removed from the 

respective neonates, were also analyzed for OCs. 

Whole clutches of viable eggs were collected and allowed to hatch so that 

comparisons of OC exposure could be made not only among individual CAMs, 

but also among CAMs from different clutches. By evaluating the distribution of 

OC residues among CAMs in a single clutch, we hoped to compare them to the 

distribution of OC residues among non-viable eggs collected from the same 

clutch. This comparison would be important for predicting OC residues in the 

neonate. Additionally, this research would evaluate the practicality of using 

CAMs collected from wild nests as a non-lethal/non-invasive method for 

assessing OC exposure In Morelefs crocodile. 

Because of their lipophiliclty, OC contaminants readily move through 

biological membranes and accumulate in the fat deposits of wild animals. Lipid 

rich depots within an animal therefore, would be expected to be the likely targets 

for OC exposure. While the CAM is not as lipid rich as the entire egg, it is 
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extremely vascularized and is the main tissue responsible for respiration and 

excretion for the developing embryo. For this reason it was hypothesized that 

OC residues would be found in CAMs of viable eggs that have been collected 

from environments known to be contaminated by OCs. While few studies have 

described the exposure routes for developing crocodilian eggs in the wild, most 

of the literature suggests the primary exposure route is via the mother during 

vitellogenesis. Another possible exposure route is via the environment itself 

where contaminants in nest media are taken up by the developing egg. 

Theoretically, such exposure method is possible, for the CAM serves as the 

developing embryo's respiratory organ and is responsible for gas exchange in 

the evironment. 

3.2 Research Question and Hvpotheses 

In evaluating qualitative and quantitative OC exposures to CAMs of 

Morelefs crocodile from Belize, the following research questions and hypotheses 

were tested: 

1. Can OCs be detected in CAMs of viable eggs of Morelefs 

crocodile? 

Hvpothesis: 

Ho: OC residues are detected in CAMs of viable eggs of Morelefs 

crocodile collected from an environment known to be contaminated 

with OCs. 
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Hi: OC residues are not detected in CAMs of viable eggs of 

Morelefs crocodile collected from an environment known to be 

contaminated with OCs. 

Can CAMs in viable eggs of Morelefs crocodile be used as a non-

lethal/non-invasive method for evaluating OC exposure in viable 

eggs of Morelefs crocodile inhabiting Gold Button Lagoon, Belize? 

Hvpothesis: 

Ho: CAMs in viable eggs are useful as a non-lethal/non-invasive 

method for evaluating OC exposure in viable eggs of Morelefs 

crocodile inhabiting Gold Button Lagoon, Belize. 

Hi: CAMs in viable eggs are not useful as a non-lethal/non-

invasive method for evaluating OC exposure in viable eggs of 

Morelefs crocodile inhabiting Gold Button Lagoon, Belize. 
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3.3 Experimental Design 

In answering the research questions, this study employed three 

experimental sections: 

1. Qualitative and quantitative analysis of OC residues in CAMs of viable 

Morelefs crocodile eggs from Belize. 

2. Qualitative and quantitative analysis of OC residues in non-viable eggs of 

Morelefs crocodile eggs from Belize. 

3. Qualitative and quantitative analysis of OC residues in caudal scutes of 

Morelefs crocodile from Belize. 
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CHAPTER IV 

MATERIALS AND METHODS 

4.1 Collection and Handling of Samples 

All samples for this project were collected from Gold Button Lagoon 

(GBL), Orange Walk District, Belize (Figure 4.1). Nests were located during the 

eariy part of nesting season (May-June). Upon discovery, the nest location was 

mapped (Figure 4.2) and the eggs were examined. All non-viable eggs were 

immediately removed from the nest, frozen, and ultimately shipped to The 

Institute of Environmental and Human Health (TIEHH) and stored at -20° C. 

Viable eggs, identified by their opaque white bands, were left In the nest and 

allowed to incubate under natural conditions. Just prior to hatching (about 60 

days into incubation), viable eggs were removed from the field and allowed to 

hatch in artificial nests at the Lamanai Field Research Center. Nest material 

from the actual nest from which the eggs were collected was used to incubate 

the eggs. Upon egg hatch, CAMs were removed from the discarded eggshells 

and the scutes (n = 4) were removed from the neonates. All samples were 

labeled and frozen. Finally, all samples were shipped on dry ice to TIEHH. 
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Figure 4.1 Map and Physical Characteristics of Gold Button Lagoon. 
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Figure 4.2 Relative geographic location within Gold Button Lagoon (during 1998, 
1999, 2000 field seasons) of each nest from which samples were collected for this 

project. 
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Only one group of CAMs was collected during the 1998 field season. Ten 

CAMs from GBL Nest 1-98 were collected on October 2. These CAMs were left 

in their respective eggshells and shipped to TIEHH on dry ice and stored at -20° 

C until extraction and analysis. In preparation for extraction, the CAMs were 

carefully removed from the eggshells using sterilized forceps and dissection 

probes. Care was taken to remove all foreign contaminants such as soil 

particles, eggshells, and plant material from the CAMs. These "dissection 

techniques" were not used for any other nests, as all other CAMs used in this 

experiment were collected at Lamanai Field Research Center from viable eggs 

that were hatched in incubators. Neither non-viable eggs nor scutes were 

obtained from GBL Nest 1-98. 

During the 1999 field season, CAMs were collected from two nests. In 

late September 4 CAMs were obtained from hatched eggs collected from GBL 

Nest 1-99. In eariy October 17 CAMs were obtained from hatched eggs that had 

been collected from GBL Nest 8-99. Collection and sampling techniques for 

these two nests differed from those used during the 1998 field season. In 1999, 

all CAMs were immediately removed from the eggshell, stored in sterile glass 

vials, frozen, and shipped to TIEHH on dry ice. Unfortunately, no non-viable 

eggs or scutes were obtained from these nests. 

CAMs, non-viable eggs, and scutes from GBL Nests 1-00, 4-00, 6-00, 

and 7-00 were collected throughout August and September of 2000. The 

number of CAMs collected from each hatched nest was as follows: 29 CAMs 

from GBL Nest 1-00, 37 CAMs from GBL Nest 4-00, 19 CAMs from GBL Nest 
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6-00, and 6 CAMs from GBL Nest 7-00. These particular nests comprised the 

most recently collected samples for this project (2000). CAM collection 

techniques mirrored those used in 1999. These nests were also the only nests 

for 2000 in which non-viable eggs and scutes were also available. 

4.2 Reagents and Standards 

A variety of certified reagents and solvents were used in this study. An 

OC pesticide mixture consisting of tetrachloro-meta-xylene (TCMX), heptachlor, 

gamma-BHC (lindane), alpha-BHC, beta-BHC, delta-BHC, endosulfan I, 

endosulfan II, dieldrin, endrin, p,p-DDD, p,p-DDT, p,p-DDE, methoxychlor, aldrin, 

heptachlor epoxide, gamma-chlordane, alpha-chlordane, endrin aldehyde, 

endosulfan sulfate, endrin ketone, and decachlorobiphenyl (DCBP) was obtained 

from Ultra Scientific (North Kingstown, Rl). The organic solvents used were 

either pesticide or GC/MS-grade. Anhydrous sodium sulfate used in the 

extraction procedure had a purity of 99%. 

4.3 Accelerated Solvent Extraction of Samples 

4.3.1 Extraction of CAMs 

In an effort to keep contamination at a minimum, the extraction process 

was carried out under specific protocol. Prior to use, all glassware were rinsed 

with acetone. All excess yolk and albumin was removed from the CAMs. The 

entire CAM was used as the sample. The CAMs were individually weighed in 

sterile weigh boats and then mixed with approximately 10 g of anhydrous sodium 
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sulfate. To ensure dehydration, the samples were left overnight. Prior to 

extraction, all samples were fortified with 10 pL of internal standard (DCBP and 

TCMX). Samples were extracted using a Dionex 200 Accelerated Solvent 

Extractor (ASE) in 33-mL cells. The following parameters were used: preheat = 5 

min, heat = 5 min, static = 5 min, flush % = 60%, purge = 60, cycles = 1, pressure 

= 1500 psi, temperature = 100°C, and solvent = 100% dichloromethane. Extracts 

were collected in 60 mL glass vials with Teflon caps. To remove any large debris 

and/or water from the extract, each extract was filtered into a clean 125-mL 

round-bottom flask using filter paper filled with anhydrous sodium sulfate. Next, 

the volume of each filtered extract was reduced to approximately 0.5 mL using 

rotary evaporation. Concentrated extracts were transferred into 1-mL volumetric 

flasks. Extracts were filtered using a 0.45 pm Acrodisc filter into 2-mL amber GO 

vials and stored at - 20°C until use. 

4.3.2 Extraction of Non-Viable Eggs 

Except for a few differences in preparation, extraction techniques for the 

eggs were identical to that for the CAMs. The eggs were thoroughly mixed with 

an electronic, hand-held blender. These eggs were non-viable because they 

failed to hatch. In some cases, a partially developed embryo was present within 

the egg. In certain samples, the embryo was homogenized along with the rest of 

the egg contents. Any large pieces of embryo that remained after 

homogenization were manually cut with sterilized scissors and then re-blended. 

In other cases, the partially developed embryo was separated from the egg 
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contents, frozen, and stored for future analysis. The homogenized egg was 

weighed and a small portion (2-4 g) was mixed with 10 g of anhydrous sodium 

sulfate. The remaining extraction techniques, including the ASE parameters, 

paralleled those used for the CAMs. One important difference, however, was 

that the final volume of egg extract was 2 mL. 

4.3.3 Extraction of Scutes 

Similar to the CAMs and non-viable eggs, the scutes were extracted using 

ASE. The scutes (n = 4) from each neonate were pooled together, mixed with 

anhydrous sodium sulfate, and extracted. As with the CAMs, the extraction 

volume was 1 mL. 

4.4 Gel Permeation Chromatographv Clean-up Procedure 

To remove substantial lipid concentrations in both CAMs and eggs, gel 

permeation chromatography (GPC) was used. GPC was not performed on the 

scute extracts. The GPC method used was similar to EPA Method 3640. Two 

GPC instruments were used: one manual and one automated. All eggs and 

selected CAMs were chromatographed on the manual GPC, while the majority of 

the CAMs were chromatographed using the automated GPC. 

4.4.1 Automated GPC 

A Hewlett-Packard 1100 liquid chromatograph equipped with a UV 

detector and a Pgel column (pore size = 50 A) was used to separate and collect 
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the appropriate fraction. Method parameters for the automated GPC were as 

follows: flow rate 1.0 mL/min, mobile phase = 100% methylene chloride, detector 

wavelength = 254 nm, and injection volume = 100 pL. Five injections were used 

for each sample. A GPC standard consisting of 5 known compounds (corn oil, 

phthalate, methoxychlor, perylene, and sulfur) was used to determine the 

collection interval. HP ChemStation software was used to control and monitor 

the chromatography. The fraction collected was after phthalate and through the 

perylene peak. Using an ISCO Foxy 200 fraction collector, fractions were 

collected into 125-mL round bottom flasks. The collected fractions were then 

reduced to 0.5 mL volume using rotary evaporation. The solvent was exchanged 

into hexane and then evaporated to 0.5 mL. The solvent exchange was 

repeated, and the final volume of extract was 1 mL. Finally, the extracts were 

filtered and transferred into 2-mL amber GO vials. Each sample was stored 

at -20.0° C until GO analysis. 

4.4.2 Manual GPC 

While accomplishing the same purpose as the automated GPC, a few 

differences in the manual GPC procedures are noteworthy. Method parameters 

were as follows: flow rate = 10 mL/min, mobile phase = 100% methylene 

chloride, detector wavelength = 254 nm, and injection volume = 1.0 mL. One 

injection was used per sample. The GPC standard was the same and was run 

each day prior to running samples. The fraction collected was the same as with 

the automated GPC, but fractions were collected "manually" by placing a clean 
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125-mL round bottom flask beneath the outflow at the appropriate collection 

interval. All samples were solvent exchanged (to hexane) and a final volume of 1 

mL was filtered into a 2 mL amber GO vial. The samples were stored at -20.0° C 

until GC analysis. 

4.5 Gas Chromatographv/Electron 
Capture Detection (GC/ECD) 

A Hewlett Packard 6890 gas chromatograph with a ^̂ Ni electron capture 

detector (ECD) and a 30 m x 0.32 mm column (0.25 pm film thickness) with HP-5 

stationary phase (Hewlett Packard, Folsom, CA) was used to separate and 

quantify all OC residues. The GC was operated in the "spitless" mode with 

helium as the carrier gas (7 mL/min) and argon/methane as the makeup gas (60 

mL/min). The temperature program was as follows: initial temperature = 80°C; 

increased to 180°C at 25°C/ min; from 180°C to 205°C at 2.5°C/min with 2 min 

hold; from 205°C to 250°C at 15°C/min with 1 min hold; and from 250°C to 300°C 

at 20°C/min. Detection limits (based on DDE) were 0.33 ng/g for all samples. To 

quantify samples, a seven-point standard curve consisting of a mixture of 

pesticide standards was developed. HP ChemStation software was used to 

control and monitor the chromatography. 
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4.6 Statistical Methods 

Statistical tests for this study were chosen to answer specific research 

questions and hypotheses. These methods apply only to the most recent group 

of samples: the CAMs, non-viable eggs, and scutes, which were collected during 

the 2000 field season (GBL Nests 1,4,6, and 7). For evaluating DDE 

concentrations among CAMs from different clutches, an ANOVA was used to 

compare the means of multiple independent samples (Eddison, 2000; Samuels 

1989). Data files were created using Microsoft Excel™, and the four nests were 

grouped accordingly and transferred to Minitab™ for analysis. Minitab™ 

statistical package was used to compute a one-way ANOVA. Significance tests 

were evaluated at the p = 0.05 level. Descriptive statistics for the 4 nest clutches 

were also computed. 

For evaluating DDE concentrations between CAMs and non-viable eggs 

from the same nest, a 2 sample T-test was used (Eddison, 2000; Samuels 

1989). Again, Minitab™ statistical package was used to determine the relevant 

statistics and confidence intervals. As with the ANOVA test, significance tests 

were evaluated at the p = 0.05 level. Raw data and explanations of statistical 

hypotheses can be found in the Appendix. 

Statistical hypotheses were as follows: 

Hvpotheses: 

I. Ho: There is no difference in the mean DDE residues in 
CAMs of Morelefs crocodile taken from different clutches. 
Ha: There is a difference in the mean DDE residues in 
CAMs of Morelefs crocodile taken from different clutches. 
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Ho: Pl(CAMs Nest 1)= M2 (CAMs Nest 4) = P3(CAMs Nest 6) = 

M4(CAMs Nest 7) 

Ha^ Ml(CAMs Nest 1) ^ M2 (CAMs Nest 4) ^ M3(CAMs Nest 6) ^ 

M4(CAMs Nest7) 

Ho: There is no difference in the mean DDE residue levels in 
CAMs and non-viable eggs of Morelefs crocodile taken from 
the same clutch. 
Ha: There is a difference in the mean DDE residues in 
CAMs and non-viable eggs of Morelefs crocodile taken from 
the same clutch. 

A . Ho: M1 (CAMS Nest 1 )= P2( Non-viable eggs Nest 1) 

Ha: Ml(CAMs Nest 1) 5̂  M2 (Non-viable eggs Nest 1) 

B . Ho : Ml(CAMs Nest 4)= M2 ( Non-viable eggs Nest 4) 

Ha : Ml(CAMs Nest 4) ^ M2 (Non-viable eggs Nest 4) 

C . Ho : Ml(CAMs Nest 6)= P2 ( Non-viable eggs Nest 6) 

Ha : Ml(CAMS Nest 6) ^ M2 (Non-viable eggs Nest 6) 

D . Ho : Ml(CAMs Nest 7)= M2( Non-viable eggs Nest 7) 

Ha : Ml(CAMs Nest 7) ^ M2 (Non-viable eggs Nest 7) 
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CHAPTER V 

RESULTS 

5.1 Contaminants in CAMs of Morelefs 
Crocodiles-1998 Field Season 

Only a small number of CAMs (n = 10) were collected during the 1998 

field season. All of these CAMs were collected on October 2, 1998 from GBL 

Nest 1 - 98. This nest was unique, as all collected CAMs were left in their 

respective eggshells. In fact, all CAMs and eggshells were stored in a large 

ziplock plastic baggy, frozen, and shipped to TIEHH on dry ice. We do not know 

how long the CAMs were exposed to the open environment, but we speculate 

that such open exposure was very short, for the CAMs were relatively moist and 

undisturbed by predators. Only 1 CAM out of this entire clutch was 

contaminated; the only OC detected was methoxychlor. 

While there was little contamination in these CAMs, they were important to 

our study for several reasons. First, this was the first group of CAMs analyzed by 

our group. As such, we were able to practice our extraction and analytical 

techniques. Second, these CAMs were collected directly from their respective 

eggshells after they had been frozen and shipped to TIEHH. For this reason, 

these CAMs were in a more deteriorated state than CAMs collected from more 

recent field seasons. Third, our methods and instruments were able to detect an 

OC pesticide in the CAM. This group of CAMs was significant and served as a 

pilot study for the rest of our project. 
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The most fortunate aspect in analyzing CAMs collected from GBL Nest 1-

98 was that we were able to compare our results to the results of a previous 

study. When this nest was discovered, there were no non-viable eggs present, 

but Wu and coworkers had previously analyzed sediment and nest material that 

had also been collected during this same field season (Wu et al., 2000a). Table 

5.1 summarizes the OCs detected in the various sample media collected in 1998. 
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Table 5.1 Organochlorine contaminants detected in Morelefs crocodile 
samplemedia from Gold Button Lagoon, Nest 11-98 (October 2,1998). 

Contaminants 

Heptachlor 
Lindane 
Aldrin 
DDE 

Dieldrin 
Endrin 
DDT 

Methoxychlor 
Reference 

CAM' 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
D 

Sample Media 
Sediment'' 

ND 
D 
D 
D 

ND 
ND 
D 
D 

Wu et al., 2000a 

Nest Material̂  
ND 
D 
D 

ND 
ND 
D 
D 
D 

Wu etal., 2000a 
ND = Not Detected by the analytical procedure (limit of detection = 0.33 ppb). 
D = Detected by the analytical procedure. 
^Represents data concerning all nest material samples collected during 1998. 
'̂ Represents data concerning all sediment samples collected during 1998. 
°CAM = refers specifically to the CAM in the clutch testing positive for 
Methoxychlor. 

52 



5.2 Contaminants in CAMs of Morelefs 
crocodiles-1999 Field Season 

During the 1999 field season, 21 CAMs were collected. These CAMs 

were collected from 2 different nests all located within GBL (GBL Nests 1 - 99 

and 8 - 99). The total number of CAMs collected from each nest depended on 

the overall hatching success of the nest. All 4 CAMs from GBL Nest 1 - 99 

contained detectable limits of OCs (Table 5.2). Specifically, 3 CAMs were 

positive for methoxychlor (range 3.6 « 4.3 ppb), 2 positive for DDT (range 2.4 « 

2.9 ppb) and heptachlor (range 2.6 « 2.9 ppb), and 1 positive for DDE (1.3 ppb). 

Although 17 CAMs were analyzed from GBL Nest 8 - 99, we were only 

able to qualitatively represent the presence of OCs in 15 of them (Table 5.3). 

The reason we were unable to represent the presence of OCs in two of the 

samples was because we failed to recover the spiked internal standard. I 

Heptachlor was detected in 59%of the CAMs (range 1.5 « 6.9ppb). Methoxychlor 

was also detected in a majority of the CAMs (53%; range 5.1 » 112 ppb), and the 

mean concentration of methoxychlor (34.8 ppb) for this group was the greater 

than that of GBL Nest 1 - 99 (3.9 ppb). Other contaminants detected in this nest 

include DDE, 18% (range 0.5 « 12 ppb); dieldrin, 12% (range 2.5 « 9.7); and 

DDT, 18% (range 3.3 « 5.9). Because there was no other sample media 

available for comparison, there were no statistical tests run on either of these 

groups of CAMs. 
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Table 5.2 Organochlorine contaminants in CAMs from an incomplete clutch of 
viable Morelefs crocodile eggs collected from Gold Button Lagoon, Nest 1-99 
(September 18-25, 1999). 

Sample 
CAM# 
CAM egg 3 
CAM egg 4 
CAM egg 5 
3587 
N 
% Positive 
Range (ppb) 
Mean (ppb) 
SO (ppb) 

Heptachlor 
ND 
D 
ND 
D 
4 
50% 
2.6-2.9 
2.7 
0.2 

Contaminant 
DDE 

ND 
D 
ND 
ND 
4 
25% 
1.3 
1.3 
NA 

DDT 
ND 
D 
D 
ND 
4 
50% 
2.4-2.9 
2.6 
0.3 

Methoxychlor 
D 
D 
D 
ND 
4 
75% 
3.6-4.3 
3.9 
0.4 

ND = Not Detected by the analytical procedure (limit of detection = 0.33 ppb). 
D = Detected by the analytical procedure. 
N = Total number of CAMS in nest. 
SD = Standard Deviation. 
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Table 5.3 Organochlorine contaminants in CAMs from a complete clutch of viable 
Morelefs crocodile eggs collected from Gold Button Lagoon, Nest 8-99 
(October 1-9, 1999). 

Sample 
CAM# 

Heptachlor 

3599 
3612 
3622 
3623 
3624 
3625 
3626 
3627* 
3628 
3632 
3633 
3634 
3635 
3636 
3637* 
3638 
4712 
N 
% Positive 
Range (ppb) 
Mean (ppb) 
SD (ppb) 

D 
D 
ND 
ND 
ND 
D 
D 

D 
D 
ND 
D 
ND 
D 

D 
D 
17 
59% 
1.5-6.9 
4.1 
2.0 

DDE 

ND 
ND 
ND 
ND 
ND 
ND 
ND 

D 
D 
ND 
ND 
ND 
ND 

ND 
D 
17 
18% 
0.5-12 
4.4 
6.6 

Contaminant 

Dieldrin 

ND 
D 
ND 
ND 
ND 
ND 
ND 

ND 
D 
ND 
ND 
ND 
ND 

ND 
ND 
17 
12% 
2.5-9.7 
6.0 
5.2 

DDT 

ND 
D 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
D 
ND 
ND 

ND 
D 
17 
18% 
3.3-5.9 
4.7 
1.3 

Methoxychlor 

ND 
ND 
D 
D 
D 
ND 
ND 

D 
ND 
D 
D 
ND 
D 

D 
D 
17 
53% 
5.1-112 
34.8 
35.1 

Contaminants in CAM were not quantifiable because sample contained no internal 
standard. 
ND = Not Detected by the analytical procedure (limit of detection = 0.33 ppb). 
D = Detected by the analytical procedure. 
N = Total number of CAMS in nest. 
SD = Standard Deviation. 
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5.3 Contaminants in CAMs of Morelefs 
Crocodiles-2000 Field Season 

Most of the CAMs (n = 91) analyzed were collected during the 2000 field 

season. These CAMs were collected from 4 different nests all located within 

GBL (GBL Nests 1-00, 4-00, 6-00, and 7-00). The total number of CAMs 

collected from each nest depended on the overall hatching success of the nest. 

On August 10, 2000 29 CAMs were collected from GBL Nest 1-00 (Table 

5.4). DDE, the most common OC pesticide present, was detected in 66% of the 

CAMs (range « 0.4-1.0 ppb). Simllariy, heptachlor was detected in 52% of these 

CAMs (range «= 0.5-2.0 ppb). Other OCs were detected in CAMs from this nest, 

including dieldrin (24%), endrin (17%), DDT (31%), and methoxychlor (28%). 

Since only three CAMs from Nest 1 contained DDD (10%), this contaminant was 

not quantitatively represented on Table 5.4. One CAM taken from an unknown 

neonate tested positive for a relatively large amount of methoxychlor (106 ppb). 

Between August 30 and September 3, 2000 37 CAMs were collected from 

GBL Nest 4 - 00 (Table 5.5). Almost of all of these CAMs (97%) contained DDE 

(range « 0.6-8.1 ppb). Heptachlor was the next most commonly detected 

contaminant, present in 78% of the CAMs. Other OCs detected included lindane 

(16%), dieldrin (19%), endrin (16%), and DDT (16%). Aldrin and DDD were 

detected in only a few CAMs (11% and 8%, respectively) and not quantitatively 

represented in Table 5.5. 
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Table 5.4 Organochlorine contaminants in CAMs from a complete clutch of viable 
Morelefs crocodile eggs collected from Gold Button Lagoon, Nest 1-00 (August 
10,2000). ^ ^ 

Sample 
CAM# 

Heptachlor 

3779 
3783*̂  

- J 

3784^ 
3785 
3786 
3787 
3788 
3789 
3792 
3793 
3794 
3795 
3796 
3797 
37978 
3798 
3799 
3822^ 
3823 
3824 
3825 
3826 
3827 
3828 
3829 
38129 
Croc un 1 
Croc un 2 
Croc un 3 
N 
% Positive 
Range (ppb) 
Mean (ppb) 
SD (ppb) 

D 
ND 
D 
D 
D 
ND 
D 
ND 
ND 
D 
D 
D 
ND 
D 
ND 
ND 
D 
D 
ND 
ND 
ND 
ND 
ND 
D 
ND 
ND 
D 
D 
D 
29 
52% 
0.5-2.0 
0.8 
0.5 

DDE 

D 
D 
D 
D 
D 
ND 
ND 
D 
ND 
ND 
ND 
D 
D 
D 
ND 
ND 
D 
D 
ND 
D 
D 
D 
ND 
D 
D 
D 
D 
ND 
ND 
29 
66% 
0.4-1.0 
0.5 
0.3 

Contaminant 

Dieldrin 

ND 
D 
D 
D 
ND 
ND 
ND 
D 
D 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
D 
ND 
ND 
ND 
ND 
ND 
ND 
D 
ND 
D 
ND 
ND 
29 
24% 
0.3-1.5 
1.1 
1.2 

Endrin 

ND 
D 
D 
D 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
D 
ND 
D 
ND 
ND 
29 
17% 
0.5-1.5 
0.7 
0.5 

DDT 

ND 
D 
D 
D 
ND 
ND 
D 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
D 
ND 
ND 
ND 
ND 
ND 
ND 
D 
ND 
D 
D 
D 
29 
31% 
0.6-8.1 
6.8 
7.9 

Methoxychlor 

ND 
D 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
D 
ND 
ND 
D 
ND 
D 
ND 
D 
ND 
ND 
ND 
ND 
ND 
ND 
D 
D 
D 
29 
28% 
0.6-106 
17.6 
39.0 

ND = not detected by analytical procedure (limit of detection = 0.33 ppb). 
D = detected by analytical procedure. 
SD = Standard Deviation. 
"̂ CAM also contained detectable amounts of DDD. 
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Table 5.5 Organochlorine contaminants in CAMs from a complete clutch of viable 
Morelefs crocodile eggs collected from Gold Button Lagoon, Nest 4-00 (August 
30 and September 3, 2000). 

Sample 
CAM# 

Contaminant 

Lindane Heptachlor DDE Dieldrin 
3833 
3834 
3835 
3836 
3837 
3838 
3839 
3843 
3844 
3845 
3846 
3847 
3848 
3849 
3852 
3853 
3854 
3855 
3856 
3857 
3858 
3859 
3862 
3863 
3864 
3865 
3866''̂  
3867 
3868 
3869^ 
3872 
3873 
3874 
3875"'̂  
3876^ 
3877 
3878^ 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
D 
D 
ND 
ND 
D 
ND 
ND 
ND 
D 
D 
ND 
D 

D 
D 
D 
D 
D 
D 
ND 
D 
ND 
ND 
ND 
ND 
D 
D 
ND 
D 
ND 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
ND 
D 
ND 
D 
D 
D 
D 

D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
ND 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
D 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
D 
D 
ND 
ND 
D 
ND 
ND 
ND 
D 
D 
ND 
D 

Endrin 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
D 
D 
ND 
ND 
D 
ND 
ND 
ND 
D 
D 
ND 
D 

DDT 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
D 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
D 
ND 
ND 
D 
ND 
ND 
ND 
D 
D 
ND 
D 
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Table 5.5 (Continued) 

Sample 
CAM# 

Lindane 
N 37 
%Positive 16 
Range (ppb) 1.7-3.0 
Mean (ppb) 2.2 
SD (ppb) 0.6 

Contaminant 

Heptachlor 

37 
78 
0.3-3.2 
1.0 
0.7 

DDE 

37 
97 
0.6-8.1 
1.6 
1.4 

Dieldrin 

37 
19 
0.6-12.1 
7.0 
3.5 

Endrin 

37 
16 
3.8-9.6 
6.4 
2.0 

DDT 

37 
16 
1.6-10.8 
5.0 
3.2 

ND = not detected by analytical procedure (limit of detection = 0.33 ppb). 
D = detected by analytical procedure. 
SD = Standard Deviation. 
'̂ CAM also contained detectable amounts of DDD. 
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On September 19-20, 2000 19 CAMs were collected from GBL Nest 6 - 00 

(Table 5.6). This nest had the greatest variation in contaminants present; eight 

OCs were commonly detected in CAMs from this nest. All of the CAMs were 

positive for both DDE (range « 0.3-17 ppb) and dieldrin (range « 0.3-62 ppb). 

Most of the CAMS (90%) were positive for both heptachlor (range ~ 0.3-8.6 ppb) 

and endrin (range « 0.3-69 ppb). Additionally, most of the CAMs (84%) were 

positive for DDT (range 0.7-57 ppb). The other OCs present included DDD 

(63%), lindane (53%), and aldrin (42%). 

On September 20, 2000 6 CAMS were collected from GBL Nest 7 - 00 

(Table 5.7). All of the CAMs were positive for DDE (range « 0.3-0.4). Other OCs 

present included dieldrin (50%), heptachlor (33%), endrin (33%), and DDT 

(33%). As compared to other nests, GBL Nest 7 - 00 had the lowest levels of 

OCs. 
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Table 5.7 Organochlorine contaminants in CAMs from a complete clutch of viable 
Morelefs crocodile eggs collected from Gold Button Lagoon, Nest 7-00 
(September 20, 2000). 

Sample 
CAM# 

924 
3925 
3926 
3927 
3928 
3929 
N 
% Positive 
Range (ppb) 
Mean (ppb) 
SD (ppb) 

Heptachlor 
ND 
D 
D 
ND 
ND 
ND 
6 
33% 
0.4-0.6 
0.5 
0.2 

Contaminant 

DDE 
D 
D 
D 
D 
D 
D 
6 
100% 
0.3-0.4 
0.3 
0.1 

Dieldrin 
ND 
D 
ND 
D 
ND 
D 
6 
50% 
0.3-0.7 
0.5 
0.2 

Endrin 
ND 
ND 
ND 
D 
ND 
D 
6 
33% 
0.4-0.5 
0.5 
0.04 

DDT 
ND 
ND 
ND 
D 
ND 
D 
6 
33% 
0.5-2.1 
1.3 
1.1 

ND = Not Detected by the analytical procedure (limit of detection = 0.33 ppb). 
D = Detected by the analytical procedure. 
N = Total number of CAMS in nest. 
SD = Standard Deviation. 
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5.4 Non-Viable Eggs from Morelefs 
Crocodiles-2000 Field Season 

During the 2000 field season, non-viable Morelefs crocodile eggs were 

collected from the four same nests as the CAMs. These eggs were also 

analyzed for OC contaminants (n = 19). Although there were more eggs 

available, we only chose to analyze 5 eggs from each of the following nests: 

GBL Nests 1-00, 6-00, and 7-00. From GBL Nest 4-00, on the other hand, only 4 

eggs were available for analysis. DDE was present in 100% of analyzed eggs. 

DDE concentrations for the eggs ranged from 0.7-144 ppb (See Tables 5.8-5.11). 

Some eggs from GBL Nest 1-00 and GBL Nest 4-00 also contained 

methoxychlor (range 13-1,016 ppb). Heptachlor was found in one egg each from 

GBL Nests 1-00, 4-00, and 6-00. GBL Nest 4-00 also had one egg that tested 

positive for aldrin (76 ppb) and dieldrin (1,026 ppb). Lindane, DDD, DDT, and 

endrin were not detected in any of the non-viable eggs. 

The concentration of DDE in CAMs and non-viable eggs was correlated 

using regression analysis. The mean DDE concentration of CAMs corresponds 

to the mean DDE concentration of non-viable eggs from the same nest. 

Specifically, each data point represents the mean DDE concentration from each 

sample media of the same nest. The r̂  value was 0.21, explaining 20% of the 

variation in DDE in CAMs using non-viable eggs. 
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Table 5.8 Organochlorine contaminants detected in non-viable Morelefs 
crocodile eggs from Gold Button Lagoon, Nest 1-00. Eggs were collected 
because they failed to hatch. 

Sample 
Egg# 

GBL 1-r 
GBL 1-2 
GBL 1-3 
GBL 1-4 
GBL 1-5 
N 
% Positive 
Range (ppb) 
Mean (ppb) 
SD (ppb) 

Collection 
Date 
10 Aug. 00 
10 Aug. 00 
10 Aug. 00 
10 Aug. 00 
10 Aug. 00 

Developmental 
Status 

Non-viable" 
Non-viable" 
Non-viable" 
Non-viable" 
Non-viable" 

Contaminant 

DDE 
7.1 
7.7 
7.5 
2.3 
0.7 
5 
100 
0.7-7.5 
5.1 
3.3 

Methoxychlor 
694 
423 
13 
ND 
ND 
5 
60 
13-694 
377 
343 

ND = Not detected by the analytical procedure (limit of detection = 0.33 ppb). 
N = Total number of non-viable eggs tested from the nest. 
SD = Standard Deviation. 
^GBL 1-1 also tested positive for heptachlor (1 ng/g). 
"The egg was non-viable and failed to produce an embryo. 
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Table 5.9 Organochlorine contaminants detected In non-viable Morelefs 
crocodile eggs from Gold Button Lagoon, Nest 4-00. Eggs were collected 
because they failed to hatch. 

Sample 
Egg# 

GBL 4-1 
GBL 4-2^ 
GBL 4-3 
GBL 4-4 
N 
% Positive 
Range (ppb) 
Mean (ppb) 
SD (ppb) 

Collection 
Date 
30 Aug. 00 
31 Aug. 00 
1 Sept. 00 
1 Sept. 00 

Developmental 
Status 

Embryo Present'̂  
Non-viable" 
Embryo Presenf̂  
Non-viable" 

Contaminant 

DDE 
8.9 
144 
20 
21 
4 
100 
8.9-144 
48.5 
64 

N = Total number of non-viable eggs tested from the nest. 
SD = Standard Deviation. 
^GBL 4-2 also tested positive for heptachlor (113 ng/g), aldrin (76 ng/g), and dieldrin 
(1026 ng/g). 
"The egg was non-viable and failed to produce an embryo. 
''Although the egg was non-viable, it produced an embryo, but failed to hatch. In this 
case, the embryo was homogenized along with all of the egg contents. 
limit of detection = 0.33 ppb. 
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Table 5.10 Organochlorine contaminants detected in non-viable Morelefs 
crocodile eggs from Gold Button Lagoon, Nest 6-00. Eggs were collected 
because they failed to hatch. 

Sample 
Egg# 

GBL 6-1 
GBL 6-2^ 
GBL 6-3 
GBL 6-4 
GBL 6-5 
N 
% Positive 
Range (ppb) 
Mean (ppb) 
SD (ppb) 

Collection 
Date 
14 July 00 
14 July 00 
14 July 00 
14 July 00 
14 July 00 

Developmental 
Status 

Non-viable" 
Non-viable" 
Non-viable" 
Non-viable" 
Embryo Present*̂  

Contaminant 

DDE 
14 
9.5 
5.5 
6.9 
6.0 
5 
100 
5.5-14 
8.4 
3.5 

Methoxychlor 
1016 
24 
ND 
ND 
ND 
5 
40 
24-1016 
520 
701 

ND = Not detected by the analytical procedure (limit of detection = 0.33 ppb). 
N = Total number of non-viable eggs tested from the nest. 
SD = Standard Deviation. 
^GBL 6-2 also tested positive for heptachlor (0.96 ng/g). 
"The egg was non-viable and failed to produce an embryo. 
"Although the egg was non-viable, it produced an embryo, but failed to hatch. In this 
case, the embryo was preserved for future analysis. 
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Table 5.11 Organochlorine contaminants detected in non-viable Morelefs 
crocodile eggs from Gold Button Lagoon, Nest 7-00. Eggs were collected 
because they failed to hatch. 

Sample 
Egg# 

GBL 7-1 
GBL 7-2 
GBL 7-3 
GBL 7-4 
GBL 7-5 
N 
% Positive 
Range (ppb) 
Mean (ppb) 
SD (ppb) 

Collection 
Date 
4 Sept. 00 
4 Sept. 00 
4 Sept. 00 
4 Sept. 00 
4 Sept. 00 

Developmental 
Status 

Embryo Present̂  
Embryo Present̂  
Embryo Present" 
Embryo Present" 
Non-viable" 

Contaminant 

DDE 
5.3 
6.2 
2.4 
6.4 
7.5 
5 
100 
2.4-7.5 
5.6 
2.0 

N = Total number of non-viable eggs tested from the nest. 
SD = Standard Deviation. 
^Although the egg was non-viable, It produced an embryo, but failed to hatch. In this 
case, the embryo was homogenized along with all of the egg contents. 
"Although the egg was non-viable, It produced an embryo, but failed to hatch. In this 
case, the embryo was preserved for future analysis. 
"The egg was non-viable and failed to produce and embryo. 
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5.5 Scutes from Neonate Morelefs 
Crocodiles-200Q Field Season 

Scute samples (n = 25) were selected based on contamination in the 

corresponding CAM. While we had scutes that corresponded to every CAM 

tested, for efficiency we analyzed only the 25 scute samples most likely to be 

contaminated. Of these, only 2 had detectable amounts of OCs. Scute 3822, 

contaminated only with methoxychlor (4,350 ppb), came from GBL Nest 1-00. 

Scute 3888, contaminated with both DDE (350 ppb) and DDT (720 ppb), came 

from GBL Nest 6-00. Comparisons of OCs detected between CAMs, non-viable 

eggs, and corresponding scutes are presented in Tables 5.12 and 5.13. 

From this data, we were able to compute a partitioning factor for 

contaminants found in the scute and contaminants found In its respective CAM 

(Table 5.14). Paritioning factors were determined for comparing concentrations 

of OCs among tissues collected from neonatal American Alligators (Barger et al., 

1999). In Barger et al. (1999) partitioning factors were computed for lipid 

normalized concentrations of DDE in CAMs and neonatal fat tissue by dividing 

the concentration of DDE found in fat by the concentration of DDE found in the 

CAM (Table 5.14). In that study, the partitioning factor between CAMs and 

neonatal fat tissues for lipid normalized concentrations of DDE was 5. 

Similar computations were made in our study; however, our samples were 

not lipid normalized. For that reasons the OC concentrations in CAMs from our 

study were less than those reported by Barger. For our data, therefore, the 
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Table 5.12 Organochlorine contaminants detected in Morelefs crocodile sample 
media from Gold Button Lagoon, Nest 1-00 (August 10, 2000). 

Contaminants 

DDE 

Heptachlor 

Dieldrin 

Endrin 

DDT 

Methoxychlor 

CAM^ 

D 

D 

D 

D 

D 

D 

Sample Media 

Non-viable Eggs 

D 

D 

ND 

ND 

ND 

D 

Scute^ 

ND 

ND 

ND 

ND 

ND 

D 

^Scute 3822 and CAM 3822 came from same neonate. 

ND = Not detected by the analytical procedure (limit of detection = 0.33 ppb). 

D = Detected by the analytical procedure. 
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Table 5.13 Organochlorine contaminants detected in Morelefs crocodile sample 
media from Gold Button Lagoon, Nest 6 - 00 (September 19-20, 2000). 

Contaminants 

DDE 

Heptachlor 

Dieldrin 

Endrin 

DDT 

Methoxychlor 

CAM^ 

D 

D 

D 

D 

D 

ND 

Sample Media 

Non-viable Eggs 

D 

D 

ND 

ND 

ND 

D 

Scute^ 

D 

ND 

ND 

ND 

D 

ND 

^Scute 3888 and CAM 3888 came from same neonate. 

ND = Not detected by the analytical procedure (limit of detection = 0.33 ppb). 

D = Detected by the analytical procedure. 
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Table 5.14 Comparison of computed partitioning factors for Morelefs crocodile 
versus American Alligator. 

Species Tissue Contaminant Concentration Partitioning Reference 
(ppb) Factor 

(Tissue/CAM) 
American 
Alligator 

Morelefs 
Crocodile 

Neonate^ 

CAM 

Scute" 

CAM 

Scute" 

CAM 

DDE 

DDE 

DDE 

DDE 

DDT 

DDT 

7542* 

1489* 

350 

5.0 

720 

5.2 

70 

138 

Barger et 
al., 1999 

Scute" Methoxychlor 

CAM Methoxychlor 

4350 

2.5 

1740 

* Concentrations have been lipid normalized. 
^ Fat samples were taken from homogenized neonates. 
^ Scutes were collected from neonate specimens. 
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partitioning factors were greater for the respective OCs present and varied from 

70 to 1700. Our increased partitioning factors can be explained by the fact that 

our samples were not lipid normalized. As such, the concentrations in our CAMs 

were less than those detected by Barger. Additionally, the scute samples from 

our study contained little or no fat. In contrast, Barger analyzed fat samples from 

whole neonates; such sampling method would cause a large amount of lipid to 

be present. The different analytical techniques between the two studies are likely 

the cause for the differences in partitioning factors. 
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CHAPTER VI 

DISCUSSION 

6.1 OC Contaminants in CAMs of Morelefs Crocodile 

An important difference between this study and some of the other studies 

that have evaluated the use of the CAM as a surrogate for predicting exposures 

in wild animals Is that this study was conducted with only field data. Most studies 

evaluating non-lethal/non-invaslve sampling techniques in oviparous species 

have been able to compare sample tissues from the same organism. For 

example, an eariier study used eggshell membranes of Peregrine Falcons to 

determine levels of DDT in eggs. In that study, Peakall was able to compare 

each eggshell membrane to its corresponding residual yolk contents (Peakall et 

al., 1983). Similarly Pastor and Cobb, in their respective studies, were also able 

to compare each individual CAM to its specific residual yolk. Here, we did not 

have access to residual yolk contents corresponding to the same eggs from 

which the CAMs were taken, nor were we allowed to sacrifice the corresponding 

neonatal crocodiles. This prevented us from being able to determine correlation 

factors between the neonates and CAMs as well as between the eggs and the 

CAMs. We were unable to discern any partitioning ratios between the CAM and 

any other egg compartment. 

The results of this study indicate that OC contaminants are present in 

CAMs from Morelefs crocodile at detectable quantities. Although there were 

exceptions, generally the concentrations of contaminants were low (< 1.0 ppb). 
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Several factors may have influenced the overall contaminant levels. We were 

unable to compare OC concentrations in CAMs collected from 1998 and 1999 to 

0 0 concentrations in either non-viable eggs or scutes. These CAMs were 

useful, for they served as pilot samples. As such, they provided the background 

for formulating our research and objectives for this study. Specifically, the OCs 

detected in these samples helped to validate our assumptions that we would be 

able to detect OCs in the CAM. The ability to detect OCs in CAMs is important 

because we hoped to make comparisons of OC contamination among CAMs, 

non-viable eggs, and scutes. 

The CAMs analyzed in this study were collected from nests at Gold Button 

Lagoon. This lagoon area Is contaminated with OCs. A previous study analyzed 

nest material, sediment, and non-viable Morelefs crocodile eggs from GBL and 

found a variety of OC contaminants including methoxychlor, DDD, DDT, DDE, 

dieldrin, aldrin, lindane, and endosulfan (Wu et al., 2000a). Sources for such 

contaminants could possibly include agricultural and accidental discharges as 

well as atmospheric deposition. Because little agricultural activity is currently 

conducted on the cattle ranch surrounding GBL, the actual sources of 

contamination are unknown. 

Environmental conditions specific to Belize such as high temperature and 

humidity may have facilitated uptake of volatile OCs through the pores of the 

shell membrane. Crocodilian eggshells are porous to allow for embryonic 

respiration (Ferguson, 1982). Although this exposure mechanism was thought to 

be minimal by Wu et al. (2000a), it should not be discounted. One very 
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interesting aspect of our study was that many contaminants detected in the CAM 

were not detected in the whole egg. For example heptachlor was found in many 

of the CAMs from all four nests, but was only found in three of the 19 non-viable 

eggs. Similarly, dieldrin and endrin were present in many of the CAMs, 

especially those taken from GBL Nest 6-00. Only one non-viable egg, however, 

tested positive for dieldrin (GBL 4-2 from GBL Nest 4-00) and no non-viable eggs 

tested positive for endrin. Work in our lab indicates that contaminants can be 

transported to reptilian eggs via contaminated nest material (Canas and 

Anderson, 2001). In Canas' study, 10 bull snake (Pituophis melanoleucus) eggs 

were placed In an artificial nest contaminated with a known pesticide mixture. 

The investigators noted that heptachlor, aldrin, endrin, and dieldrin were taken up 

by the developing egg. Interestingly, these same contaminants were found in the 

Morelefs crocodile CAMs of viable eggs, but were not commonly detected in the 

egg material of non-viable eggs. Such result, however, could be just a matter of 

not analyzing enough egg material. For example, only 2 ~ 4 g of egg material 

was actually analyzed. Had we analyzed a larger portion of egg, then it is likely 

that we would have been able to detect some of the contaminants that may have 

been present only in low-levels. 

Much that is known about gas permeability in eggs of large reptiles comes 

from studies conducted on American alligator eggs (Kern and Ferguson, 1997). 

Considering that the CAM plays an important role in respiration between the 

developing embryo and its environment, the CAM may also facilitate contaminant 

uptake from the environment. Contaminants such as heptachlor and dieldrin 
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entering the egg via CAM respiration would likely partition into and remain in the 

CAM. If this exposure mechanism were the case, then it is likely that 

contaminants such as these would not necessarily pose a risk to the developing 

embryo. If, however, the contaminants partitioned beyond the CAM, then more 

harm would be expected in the embryo. At this point, such an exposure route is 

highly speculative. For this reason, broad conclusions stating that uptake of 

contaminants such as heptachlor, aldrin, endrin, and dieldrin via the CAM should 

be made with caution. Such a conclusion could only be supported if we had 

analyzed specific samples of nest material from which the CAMs were collected. 

Additionally, Gold Button Lagoon is a relatively confined habitat and all nests 

were located in close proximity. As such, it would be expected that the 

contaminants in this area should be distributed uniformly. 

The one contaminant that was widely distributed in both the CAMs and 

non-viable eggs was DDE. DDE is a metabolite of DDT. It was suggested by 

Wu that the presence of DDT in individual eggs is likely a result of contamination 

in the maternal crocodile (Wu et al., 2000b). Alternatively, Wu suggested that the 

presence of DDT metabolites such as DDE was likely due to the metabolic 

breakdown of DDT within the egg, mother, prey species, or the environment. 

CAMs analyzed from GBL Nest 6 - 00 had the most ubiquitous and greatest DDT 

concentrations as compared to CAMs from other nests. The mean DDT 

concentration for Nest 6 - 00 CAMs was 9.3 ppb while the mean concentration 

for the other nests varied from 1.3 ppb (Nest 7-00), 5.0 ppb (Nest 4-00), and 6.8 
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ppb (Nest 1-00). This difference possibly indicates that the mother of Nest 6 was 

the most recently exposed to DDT. CAMs testing positive for DDT from Nest 

6-00 had DDT concentrations that ranged from 0.7-57 ppb. In contrast, only one 

other CAM (from Nest 4-00) tested positive for DDT in an amount above 10 ppb. 

While DDE was present in all non-viable eggs, the concentrations 

detected in this study were much lower than concentrations found in Wu's eariier 

study. Average concentrations for DDE among the 4 nests of non-viable eggs in 

this study were as follows: Nest 1-00 = 5.1 ppb. Nest 4-00 = 48.5 ppb. Nest 6-00 

= 8.4 ppb, and Nest 7-00 = 5.6 ppb. In contrast, Wu found DDE concentrations 

in non-viable eggs ranged from 45-500+ ppb (Wu et al., 2000b). 

Several explanations exist for such a disparity of non-viable egg DDE 

concentrations in the two studies. First, a much smaller sample size was used in 

this study; only 19 non-viable eggs were analyzed. Moreover, these were not 

complete clutches, and the non-viable eggs analyzed were selected at random. 

In contrast, Wu analyzed 5 complete clutches of non-viable eggs from Gold 

Button Lagoon (n = 116) (Wu, 2000). His larger sample size therefore, increased 

the possibility of finding eggs that were contaminated. Wu suggests that to 

accurately determine OC contamination in a nest of Morelefs crocodile eggs, at 

least 11 different eggs must be analyzed (Wu, 2000). At least one older study 

notes, however, that sample size was not a factor in determining the respective 

OC contamination in nests of non-viable eggs collected from the American 

crocodile in Florida (Hall et al., 1979). 
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Second, it is quite possible that the clutches analyzed in this study were 

exposed to less OC contaminants. Explanations for decreased exposure could 

either be biological or environmental. In other words, the mothers may not have 

been exposed to as much OC contaminants as were the mothers in Wu's study. 

Additionally, the collection of the samples in this study were different than in 

Wu's, for many eggs in Wu's study were collected after they had been destroyed 

by flood waters. It has been suggested that eggs inundated by sediment and 

water may lead to increased concentrations of OCs within the egg (Harper et al., 

1999). Although we could have garnered a better understanding of OC 

contamination in the non-viable eggs by increasing our sample size, our primary 

goal was to evaluate the presence of OC contaminants in CAMs from viable, 

hatched eggs. 

A third possible explanation for the great disparity in DDE is the difference 

in the analytical technique. In Wu's study, he homogenized the entire contents of 

the non-viable egg. Therefore, in his study, when an embryo was present in the 

egg, it was homogenized along with the yolk. In contrast, in this study if an 

embryo was present, in some cases it was removed and stored for later use; it 

was not homogenized with the rest of the egg contents. In short, for this study, 

the relative amount of egg content homogenized was much less than in Wu's 

study. We purposefully saved the embryos in our study for several reasons. The 

primary purpose of our study was to quantify OCs present in the CAM, and not to 

conduct comparisons of OCs present in non-viable eggs. We merely chose to 
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analyze OCs in non-viable eggs as a reference for possible OCs present in the 

CAMs. 

The distinguishing factor between this study and practically every other 

study done in this area is that we analyzed CAMs taken from relatively healthy, 

live, neonatal crocodiles. We did not confine, nor purposefully choose to analyze 

samples that were thought to be deformed or diseased in some way. This is an 

important distinction, for past studies have indicated higher than normal OC 

concentrations in avian eggs containing dead/deformed embryos and infertile 

eggs (Yamashita et al., 1993). Additionally, unlike contaminated areas such as 

Lake Apopka or even the Great Lakes region, Gold Button Lagoon, while 

contaminated, appears to be less contaminated compared to many other areas. 

In fact, an eariier study noted that non-viable eggs of Morelefs crocodiles from 

nearby New River Lagoon were found to contain more OC contaminants than 

eggs collected from Gold Button Lagoon (Wu, 2000). 

While the results of this study show that OCs are present in the CAM, the 

study design prevented us from being able to predict OC levels in neonates. 

Unlike Cobb's studies (Cobb et al., 1997; Cobb and Wood, 1997) we were 

unable to analyze the residual egg yolk. We also were unable to sacrifice the 

neonates. For these reasons, we were unable to characterize the relative 

contaminant burdens for egg yolk:CAM and the CAM:neonate. What we were 

able to do was to identify and characterize baseline data on the amount of OCs 

detected in the CAMs. The 4 complete clutches of CAM samples analyzed from 

2000 are valuable, as they were compared to respective non-viable eggs taken 
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from the same nest. While this information is valuable, it would be very 

inaccurate to use this information to try to predict OCs in whole eggs or in 

neonates. Only as more data are generated concerning the presence of OCs in 

CAMs of Morelefs crocodile, will we be able to make a more accurate prediction 

of OC burden. 

We can conclude that OCs are present in Morelefs crocodile CAMs. 

Based on this broad conclusion, two important assumptions can be inferred. 

First, neonatal Morelefs crocodiles have been exposed to OC contaminants. 

The most likely explanation for such exposure is that OC contaminants in the 

yolk were metabolized and actively transported to the CAM via the developing 

embryo. OCs are very lipophilic and remain in most lipophilic media, such as fat. 

The most lipophilic material in a developing crocodilian egg is the yolk (Manolis 

et al., 1987). As the embryo grows, it utilizes more and more of the yolk sac for 

food. Upon hatching, the unutilized portion of the yolk is referred to as residual 

yolk. Studies have analyzed the residual yolk in avian species and conclude that 

greater than 50% of the total OC egg burden remains in the residual yolk (Custer 

et. al., 1997; Pastor et al., 1996; Barger, 2000). The likely depot for the 

remaining OC burden, therefore, is the developing embryo. 

Second, neonatal exposure was likely a result of maternal origin. This 

assumption is based on the known processes of maternal excretion of 

contaminants into the egg during vitellogenesis (Barger, 2000). Several 

laboratory studies have documented chemical transfer from the adult into the 

egg, and there appears to be excretion differences among species (Barger, 
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2000; Nosek et al., 1992; Tanabe et al., 1986; Lemmetyinen et al., 1982). 

Factors contributing to these differences include relative egg size, clutch size, 

time frame of yolk deposition, adult body burden, average neonate size, and 

average adult size (Barger, 2000). The data collected during this study offer 

strong evidence that the contaminants were of maternal origin, but more 

research, preferably under laboratory conditions, should be done to evaluate the 

specific partitioning of contaminants among the various egg compartments as 

well as within the neonate. 

6.2 Pesticide Use in Belize and Central America 

Another very important and interesting aspect of this study is the 

implications it has concerning the use of OC pesticides in Belize and Central 

America. A hindrance to current pesticide regulations is the fact that many of the 

pesticide programs in Belize and Central American are relatively new and under

funded. To cure the possible inadequacies of enforcement procedures. Central 

American countries should continue their efforts to organize in creating 

sustainable use policies for the region. Unfortunately, this may be too 

burdensome for such poor countries lacking "typical" natural resources such as 

timber, minerals, and fossil fuels. These countries must realize; however, that 

they possess a natural resource in their wildlife. There is value, economic value, 

In the mere fact that certain wildlife exist nowhere else but in these countries. 

Failure to recognize the "nature" value, will mean that the native wildlife and its 

habitat will be destroyed to make way for other land uses that are perceived to be 
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more valuable (Robinson and Redford, 1991). Finally, more developed 

countries, especially the United States, should foster sustainable use policies in 

Central American countries by investing in conservation programs. To curb the 

distribution of dangerous pesticides in Central America, the U.S. should enact 

more stringent laws, in addition to the Prior Informed Consent procedures. 

While the above list of solutions may have many chronic problems, such 

as lack of funding, such problems can be solved if Belizean and Central 

American citizens are willing to undertake monumental efforts. These efforts 

must intensify to ensure the continued existence of the valuable biological 

resources in this region. 

6.3 The Current and Future Status of Morelefs 
Crocodile Under CITES 

CITES has served to enhance global awareness to environmentally 

important commercial species, such as Morelefs crocodile. While the agreement 

has led to some innovative management techniques such as farming and 

ranching, the ultimate management decision is left to the home country of the 

endangered species. For this reason, if a country seeks to de-list its population 

of Morelefs crocodiles all relevant personnel and materials concerning this 

species should be consulted. 

Morelefs crocodile appears to have rebounded from over-hunting and 

exploitation. Populations have been reported in 40 different Central American 

localities, and surveys suggest that more than 10,000 mature individuals reside 
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in the wild (Ross, 2000). Because of this apparent rebound, at least one country 

(Mexico) in the region recently sought to de-list its population of Morelefs 

crocodiles from CITES Appendix I to Appendix II. On January 24, 2000 this 

proposal was withdrawn after the Crocodile Specialist Group recommended 

Morelefs crocodile remain listed under Appendix I (Federal Register, 2000). If 

Morelefs crocodile populations continue to be stable, such proposals will likely 

be renewed. It must be remembered, therefore, that although one subpopulation 

may appear to be healthy, that does not mean that the entire population is well. 

In other words, unless a global awareness is maintained about an endangered 

population of animals, a party could try to exploit their resource. 

The Belize population of Morelefs crocodile continues to face many 

threats, and many of these threats are not uncommon to other countries in this 

region. Specifically, environmental threats In Belize include deforestation and 

pollution from agricultural runoff (Beletsky, 1998). Floods, not uncommon to the 

region, have been known to destroy crocodile nests (Rainwater et al., 1998). 

While such threats may not be "immediate," they should be of no less concern. 

Such concern is amplified when environmental conditions in Central America are 

pooled together. In fact, one author notes that "uncontrolled development" has 

led to massive deforestation in Mexico and Guatemala (Beletsky, 1998). These 

two countries are the only other countries where Morelefs crocodile is found. 

Fortunately, Belize is considered more environmentally sound than two of its 

neighbors. 
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It is doubtful that Morelefs crocodiles will be de-listed from Appendix I. 

The precarious political position of the countries where Morelefs crocodile Is 

found supports this assertion. Additionally, work from our group has noted OC 

contamination in this species, and such long-term exposure to these 

contaminants may adversely effect this species. Finally, advocacy groups such 

as the CSG are well aware of the latest developments and threats to 

crocodilians. As the primary source of information on endangered species, these 

groups are highly influential and will not support the unwarranted de-listing of 

species under CITES. 
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CHAPTER VII 

CONCLUSION 

Morelefs crocodiles in Gold Button Lagoon, Belize have been exposed to 

OC contaminants, including DDE. While the concentrations in samples tested 

may appear to be low, we have no baseline data, other than work done in our 

own lab, for comparison. For this reason, it is not clear whether such exposures 

may present long-term health risks to this species. 

Two broad conclusions can be made by this research. First, OCs are 

found in the CAM of Morelefs crocodile. This is important because no other 

study has attempted to discern such exposure. In fact, to our knowledge this is 

the first study attempting to identify OC contaminants In the CAM of a crocodilian 

species outside North America. From past studies we know that using the CAM 

as a surrogate for assessing OC exposure is highly species specific. In other 

words, only by answering this threshold question will we be able to determine 

whether the CAM of Morelefs crocodile eggs can be used as an efficient 

indicator of OC exposure. 

Additionally, the CAM can serve as an indicator for OC exposure in 

neonatal crocodiles. The question that remains, however, is to what degree the 

CAM can be relied upon to accurately assess overall exposure in both whole 

eggs and live neonates. In our study there was disparity for chemicals detected 

among the three sample medias. This disparity could be due to the differences 
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among the sample media, but the mere fact that such disparity exists should not 

completely discount the CAM non-lethal/non-invasive sampling technique. 

To date, OCs have been detected in a variety of ecological and biological 

endpoints of Morelefs crocodile. Specifically, OCs have been found in their nest 

material, sediment, non-viable eggs, scutes, and CAMs. Current studies are 

attempting to link these exposures to possible effects in this species. 

Additionally, we hope to evaluate specific exposure pathways and prey items of 

the crocodile. This species will benefit if it continues to be listed under Appendix 

I of CITES and if continued efforts in the region are maintained to foster 

responsible pesticide use practices. 
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A.I Statistical Results For 2000 Field Season Samples 

Table A.I One-way Analysis of Variance: [DDE] among all CAMs collected 
during the 2000 Field Season (GBL Nests 1,4,6, and 7) that tested positive for 
DDE. 

Source DF SS MS 
Nest 
Error 
Total 

Level 
1 
4 
6 
7 

3 
78 
81 

N 
20 
37 
19 
6 

61.91 
365.86 
427.77 

Mean 
0.542 
1.604 
2.844 
0.282 

20.64 4.40 
4.69 

StDev 
0.281 
1.333 
4.085 
0.075 

.007 

Based on individual 95% confidence intervals for mean based on pooled 
standard deviations, the computed p-value was 0.007 for CAMs from different 
nests. The computed f-statistic was 4.40, and there were 3 degrees of freedom. 

Ho: M1 (CAMs Nest 1 )= P2 (CAMs Nest 4) = M3(CAMs Nest 6) = M4(CAMs Nest 7) 

Reject 

Ha: Ml(CAMs Nest 1) 5̂  P2 (CAMs Nest 4) ^ M3(CAMs Nest 6) ^ M4(CAMs Nest7) 

Fall to Reject 

Four different nests from the 2000 Field Season are represented by Table 

A . I . The data depicted in this table shows that there is a significant difference 

among DDE concentrations among CAMs collected from different nests. For this 

reason we fail to reject the null hypothesis and conclude that differences in DDE 

concentration exist among different nest. 
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Table A.2 Two Sample T-Tests and Confidence Intervals representing 
[DDE] in CAMS versus Non Viable Eggs GBL Nest 1-00. 

N Mean Stdev SE Mean 

DDE CAMs 20 0.541 0.281 0.063 

DDE NV Eggs 5 5.06 3.30 1.50 

95% CI for mu DDE CAMs - mu DDE non-viable eggs: (-5.970, -3.1) 

T-test mu DDE CAMs = mu DDE non-viable eggs: (v. not =): 

T = -6.45; P = .0000 ; DF = 23 

A . H Q : Pl(CAMs Nest 1)= M2 ( Non-viable eggs Nest 1) RojOCt 

Ha: Ml(CAMs Nest 1) 5̂  M2 (Non-viable eggs Nest 1) Fa i l tO R e j e c t 

Only CAMs and non-viable eggs from GBL Nest 1-00 are represented in 

Table A.2. There is a statistical difference between DDE concentrations in CAMs 

and non-viable eggs from this nest. 
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Table A. 3 Two Sample T-Tests and Confidence Intervals representing 
[DDE] in CAMS versus Non Viable Eggs GBL Nest 4-00. 

N Mean Stdev SE Mean 

DDE CAMS 37 160 133 022 ~ 

DDE NV Eggs 4 48.4 63.9 32 

95% CI for mu DDE CAMs - mu DDE non-viable eggs: (-65.67, -28) 

T-test mu DDE CAMs = mu DDE non-viable eggs: (v. not =): 

T = -5.00; P = .0000 ; DF = 39 

B . H Q : M1(CAMS Nest 4)= M2 ( Non-viable eggs Nest 4) R e j e c t 

Ha: M1(CAMS Nest 4) ^ P2 (Non-viable eggs Nest 4) Fa l l tO R o j e c t 

Only CAMs and non-viable eggs from GBL Nest 4-00 are represented in 

Table A.3. There is a statistical difference between DDE concentrations in CAMs 

and non-viable eggs from this nest. 

99 



Table A.4 Two Sample T-Tests and Confidence Intervals representing [DDE] in 
CAMS V. Non Viable Eggs GBL Nest 6-00. 

N Mean Stdev SE Mean 
DDE CAMs 19 2.84 4.09 0.94 
DDE NV Eggs 5 8.31 3.36 1.50 

95% CI for mu DDE CAMs - mu DDE non-viable eggs: (-9.59, -1.3) 
T-test mu DDE CAMs = mu DDE non-viable eggs: (v. not =): 

T = -2.74; P = .012;DF = 22 

C . H Q : M1(CAMS Nest 6)= P 2 ( Non-viable eggs Nest 6) R e j e c t 

Ha: M1(CAMS Nest 6) ^ Vl (Non-viable eggs Nest 6) Fa l l tO R o j e c t 

Only CAMs and non-viable eggs from GBL Nest 6-00 are represented in 

Table A.4. There is a statistical difference between DDE concentrations in CAMs 

and non-viable eggs from this nest. 
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Table A.5 Two Sample T-Tests and Confidence Intervals representing 
DDE [0] in CAMS v. Non Viable Eggs GBL Nest 7-00. 

N Mean Stdev SE Mean 
DDE CAMs 6 0.2817 0.0752 0.031 
DDE NV Eggs 5 5.56 1.90 0.85 

95% CI for mu DDE CAMs - mu DDE non-viable eggs: (-7.016, -3.54) 
T-test mu DDE CAMs = mu DDE non-viable eggs: (v. not =): 

T = -6.86; P = .0001 ; DF = 9 

D . H Q : M I ( C A M S Nest 7)= M2 ( Non-viable eggs Nest 7) R o j e c t 

Ha: Ml(CAMs Nest 7) ^ M2 (Non-viable eggs Nest 7) Fa l l tO Ro jeCt 

Only CAMs and non-viable eggs from GBL Nest 7-00 are represented in 

Table A.5. There is a statistical difference between DDE concentrations in CAMs 

and non-viable eggs from this nest. Such result is not surprising for the whole 

non-viable egg is more lipid rich than the CAM. As such, lipophilic compounds 

such as DDE are expected to be found in the whole egg. 
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