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Abstract. Recent studies have examined mercury accumulawoodwardet al. 1993; Guilletteet al. 1994, 1996; Crairet al.
tion in crocodilians. However, though most researchers havd998), as well as numerous reports of pesticide and polychlo-
focused on tissue concentrations, few have examined mercumnated biphenyl exposure in various crocodilian species world-
levels in crocodilian eggs. In July 1995, we analyzed mercurywide (Best 1973; Ogdewrt al. 1974; Vermeeret al. 1974;
in 31 nonviable Morelet’'s crocodileCfocodylus moreletii) Wheeleret al. 1977; Hallet al. 1979; Wesselst al. 1980;
eggs collected from eight nests across three localities in northMatthiesseret al. 1982; Phelpst al. 1986, 1989; Delanwt al.
ern Belize. All eggs were found to contain mercury. Based onl988; Heinzet al. 1991; Skaaret al. 1991; Cobbet al. 1997,
an individual egg basis, mean concentration of mercury for alR002; Bargaet al. 1999; Guilletteet al. 1999; Wuet al. 2000a,
three localities was among the lowest reported for any croc2000b). Most of these studies have focused on organochlorine
odilian species. When localities were examined separatelychemicals, but additional concern has been raised concerning
mean concentrations for Laguna Seca and Gold Button Lagoothe exposure and impacts of heavy metals, particularly mer-
were comparable to those observed in other studies, and treury, on crocodilians (Brazaitit al. 1996, 1998; Brisbiret al.
mean for Sapote Lagoon was the lowest ever reported. Baseib98).
on mean nest concentrations, mercury in eggs from Laguna Mercury contamination is a global concern (Eisler 1987;
Seca was approximately two- and tenfold higher than for GoldRudd 1995; Brisbiret al. 1998; Hanisch 1998) and is currently
Button Lagoon and Sapote Lagoon, respectively. Variability inconsidered the most serious environmental threat to wildlife in
mercury concentrations among localities is likely the result ofthe southeastern United States (Faceretid. 1995). Mercury
site-specific differences in mercury input, bioavailabilty, andis introduced into the environment through a variety of natural
bioaccumulation. Mercury concentrations were relatively uni-and anthropogenic sources (Facenatral. 1995; Eisler 1987;
form in eggs from the same nest and among nests from thelanisch 1998) and readily accumulates in wildlife (Wafel.
same localities. The presence of mercury in Morelet’s croco-1998). Conditions including low pH and low dissolved oxygen
dile eggs suggests exposure in adult females, developing enMiskimmin et al. 1992; Driscoll et al. 1994) enhance the
bryos, and neonates. However, crocodiles in these areas shdermation of methylmercury (the most bioavailable form of
no overt signs of mercury toxicity, and no indication of pop- mercury; Surma-Ahet al. 1986; Griebet al. 1990) in lowland
ulation decline is evident. A paucity of data on the effects ofswamps, rivers, lakes, and other wetlands typically inhabited
mercury on crocodilians precludes meaningful speculation aby crocodilians (Ruckel 1993; Jageeal. 1998), and mercury
to the biological significance of tissue and egg concentrationsis believed to be the heavy metal of greatest concern to these
Controlled laboratory studies and long-term population moni-animals (Brisbhinet al. 1998; Burgeret al. 2000). Several
toring are needed to address these questions. researchers have reported mercury levels in crocodilian tissues
(Vermeeret al. 1974; Delanyet al. 1988; Hordet al. 1990;
Wareet al. 1990; Yoshinagat al. 1992; Ruckel 1993; Face-
mire et al. 1995; Heaton-Jones al. 1994, 1997; Yanochket

. 1997; Jagoet al. 1998; Brishinet al. 1998; Rhodes 1998;
'?seyet al. 1999; Burgeet al. 2000), but fewer have examined
ercury concentrations in crocodilian eggs (Ogdeal. 1974;
Stoneburner and Kushlan 1984; Phedpal. 1986; Heinzet al.
1991; Bowles 1996). Because wildlife species are highly sen-
sitive to mercury toxicity during embryonic development and
neonatal life (Eisler 1987; Wolfet al. 1998), information on
mercury concentrations in eggs is critical when attempting to
ascertain the effects of mercury exposure on developing ovip-
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Over the last decade, studies describing the exposure al
response of crocodilians to environmental contaminants hav
increased substantially. This is largely the result of extensiv
research showing population declines and reproductive impai
ment in American alligatorsA{ligator mississippiensis) inhab-
iting contaminated lakes in Florida, USA (Jennirsl. 1988;
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sized freshwater crocodile found in the Atlantic and Caribbean
lowlands of Mexico, Guatemala, and Belize (Ross 1998). It is
currently recognized as endangered under the U.S. Endangered
Species Act (Code of Federal Regulations 1977) and is listed
on Appendix | of the Convention on International Trade in
Endangered Species of Flora and Fauna (CITES) (Ross 1998).
By the late 1960s, Morelet’s crocodile was nearly extirpated in
Belize as the result of overharvesting for the commercial skin
trade (Charnock-Wilson 1970; Frost 1974). However, follow-
ing lega protection under the Wildlife Protection Act of 1981,
populations in northern Belize have made a substantial recov-
ery (Platt 1996; Platt and Thorbjarnarson 2000).

Although Morelet’s crocodile populations in northern Belize
seemingly face no immediate threats (Platt and Thorbjarnarson
2000), exposure to environmental pollutants may present a
subtle yet significant long-term threat to populations in con-
taminated areas (Gibbons et al. 2000). Wu et al. (2000a,
2000b) found numerous organochlorine pesticidesin Morelet’s
crocodile eggs from Belize, many of which are believed to be
linked to reproductive failure in Florida alligators (Guillette et
al. 1994, 1996; Crain et al. 1998). The purpose of this study
was to examine levels of mercury in Morelet’s crocodile eggs
from different localities in northern Belize. We hypothesized
that crocodile eggs from remote areas of Belize would contain
mercury, based on the propensity of mercury to accumulate in
crocodilian habitats and the occurrence of mercury in aligator
eggs collected from remote areas of the southeastern United
States (Ogden et al. 1974; Stoneburner and Kushlan 1984,
Bowles 1996).

Materials and Methods

Sudy Stes and Sample Collection

In July 1995, 31 nonviable Morelet’s crocodile eggs were collected
from eight undisturbed, naturaly incubating nests found at three
nonalluvial lagoons (Platt and Thorbjarnarson 2000) in northern Belize
(Figure 1). Sixteen eggs were collected from three nests at Sapote
Lagoon (18°19'N, 88°33"W), located approximately 20 km southwest
of Corozal Town and part of the Ramona and Sapote Agricultural
Reserve. Twelve eggs were collected from four nests at Gold Button
Lagoon (17°55'N, 88°45'W), located on a private cattle ranch approx-
imately 25 km southwest of Orange Walk Town. Three eggs were
collected from one nest from Laguna Seca (17°37'N, 89°05'W),
located on Gallon Jug Farm within the protected Rio Bravo Conser-
vation and Management Area, approximately 90 km west of Belize
City. Nonviable eggs were identified by the absence of an opaque
patch or band on the eggshell (Ferguson 1985), assigned unique
identification numbers, placed on ice for shipment to the United States,
and stored at —20°C until analysis.

Mercury Analysis

Content (shell not included) of each egg was homogenized, and three
aiquots digested for total mercury analysis using the method of Adair
and Cobb (1999). Samples (approximately 0.15 to 0.2 g) were placed
into acid-washed, 8-ml glass vials (loosely capped) and predigested
overnight at room temperature in 1 ml of concentrated acid (1:1 metals
grade HNO4/H,SO,). Next, samples were digested for 2 h in an 80°C
water bath and then placed into a freezer (—20°C) to cool for 10 min.
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Fig. 1. Map of Belize showing localities from which Morelet’s croc-
odile eggs were collected in July 1995 (GB = Gold Button Lagoon,
LS = Laguna Seca, SL = Sapote Lagoon)

A total of 200 pl of hydrogen peroxide was added to each via in 25-p.l
increments over a period of 2 h, after which vials were placed back
into the cooled water bath until the water temperature reached 80°C
(approximately 1 h). Digested samples and three via rinsates were
filtered through glass fiber filter paper into 10-ml volumetric flasks.
The samples were brought to volume with Milli-Q water and stored in
15-ml centrifuge tubes until analysis. Samples were analyzed by cold
vapor atomic absorption for total mercury (method limit of detec-
tion = 0.05 wg/g in a 200 mg egg sample; quditative range =
0.02-0.05 pg/g). Mean mercury concentrations were expressed as
wa/g wet mass.

Results

Mercury was detected in al 31 crocodile eggs examined in this
study. Mean (+ SE) concentrations (g mercury/g egg, wet
mass) were based on nest means rather than individual eggs.
Mean concentration of mercury for all localities (n = 8 nests)
was 0.11 + 0.05 (range = 0.02—0.21). Mean concentrations for
Gold Button Lagoon and Sapote Lagoon were 0.11 = 0.02
(range = 0.06-0.14, n = 4) and 0.02 = 0.01 (range =
<0.02-0.03, n = 3), respectively, and the concentration for the
single nest at Laguna Seca was 0.21. Although small sample
sizes precluded statistical analysis, some trends in mercury
concentrations among nests and sites were noted. Mercury
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levels appeared to be relatively uniform among eggs from the
same nest (although variability increased as concentrations
approached the limit of detection) and, with the possible ex-
ception of asingle nest at Gold Button Lagoon (GB3), among
nests within each site (Figure 2). Among sites, however, the
mercury concentration for Laguna Seca was approximately
two- and tenfold higher than means for Gold Button Lagoon
and Sapote Lagoon, respectively.

Most reports of mercury levels in crocodilian eggs present
concentrationsin individual eggs or means based on individual
eggs. For comparative purposes, we calculated means for Mo-
relet’s crocodile eggs examined in this study based on individ-
ual eggs as well. Mean concentration of mercury for al local-
ities (0.07 = 0.01, range = <0.02—0.23) was among the lowest
reported for any crocodilian (Table 1), while the levels for
Laguna Seca (0.21) and Gold Button Lagoon (0.11 + 0.01)
were comparable to those reported in other studies. Mean
mercury concentration for Sapote Lagoon (0.02 + 0.002) was
the lowest reported for eggs in any species, excluding those
examined by Heinz et al. (1991), in which mercury was not
detected (Table 1).

Discussion

Jagoe et al. (1998) reported considerable variation in mercury
concentrations in alligator tissue among four localities in the
southeastern United States and speculated thisto be areflection
of differencesin local and atmospheric mercury inputs as well
as site-specific variations in mercury bioavailability. This is
likely the case in Belize as well. Although the sources of
mercury in crocodile eggs examined in this study are unknown,
we suspect the occurrence of mercury in these wetlands results
primarily from natural processes and atmospheric deposition
(Miskimmin et al. 1992; Driscoll et al. 1994; Rudd 1995),
given the remoteness of the collection sites and relatively few
anthropogenic mercury sources in Belize (Hartshorn et al.
1984). The among-site variation observed in this study may be
an artifact of small sample sizes, but we speculate that any true
site-related differences in egg mercury levels can be attributed
to site-specific differences in mercury input, bioavailability,
and bioaccumulation. Mercury contamination in crocodilian
eggs likely results from maternal transfer. Direct environmen-
tal contamination from nest media may be another possible
route of exposure (Sahoo et al. 1996; Linder and Grillitsch
2000), but this process has not been specifically examined. Wu
et al. (2000a) found multiple organochlorine pesticides in Mo-
relet’s crocodile nest material from one of the sites examined in
this study (Gold Button Lagoon), but mercury levels were not
determined.

Although the effects of mercury on mammals and birds are
well documented (Eisler 1987; Wolfe et al. 1998), virtualy
nothing is known concerning the effects of mercury on reptiles
(Hall 1980; Wolfe et al. 1998; Linder and Grillitsch 2000).
Indeed, numerous reports of mercury exposure in crocodilians
exist, but most focus primarily on human health hazards related
to the consumption of crocodilian meat (Peters 1983; Delany et
al. 1988; Hord et al. 1990; Y oshinaga et al. 1992; Ruckel 1993;
Elsey et al. 1999). Peters (1983) dosed captive juvenile Amer-
ican aligators with methylmercury chloride (5.0 mg/kg) and
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Fig. 2. Mean concentrations (= SE, ng/g wet mass) of mercury in
Morelet’s crocodile eggs from eight nestsin northern Belize. Numbers
above error bars indicate the number of eggs analyzed per nest. GB =
Gold Button Lagoon, LS = Laguna Seca, SL = Sapote Lagoon

concluded, “it does appear that the aligator is capable of
carrying such levels without toxic manifestations.” Likewise,
no clinical signs of mercury toxicity were observed in 24
wild-caught aligators from Florida, despite the fact that each
animal contained mercury in various tissues (ranges in ppm wet
mass: taill muscle = 0.04—4.28; kidney = 0.15-65.33; liver =
0.14-99.48) (Heaton-Jones et al. 1997). Burger et al. (2000)
found low concentrations of mercury (similar to those observed
in the present study) in alligator tissues from multiple lakes in
Florida and speculated these levels likely posed no threat to
dligator health. Conversely, Heaton-Jones et al. (1994) found
mercury in optic lobes, optic nerves, and retinas of Everglades
alligators and concluded mercury accumulation in these tissues
was impacting the alligator visual system. However, no clinical
effects were examined. More recently, Brisbin et al. (1998)
reported elevated mercury concentrations (ppm wet mass: mus-
cle = 3.48, kidney = 33.55, liver = 158.85) in a large adult
aligator found dead in a mercury-contaminated pond in South
Carolina. Because these concentrations exceeded mercury lev-
els shown to be lethal in various birds, mammals, and amphib-
ians under laboratory conditions (Wolfe et al. 1998), and due to
the animal’s emaciated condition at the time of death, Brishin
et al. (1998) suggested this may be the first documented case of
mercury-related mortality in a crocodilian.

Despite numerous reports of mercury in crocodilian habitats,
tissues, and eggs, no clinical effects on crocodilians at the
individual or population levels have been documented. Brisbin
et al. (1998) emphasized the need for controlled laboratory
studies to determine the toxicological impacts of mercury and
other metals on crocodilians and cautioned against attributing
crocodilian mortality or morbidity to these compounds until
such information is available. Similarly, Linder and Grillitsch
(2000) stated, “the presence of a substance in an organism is
not an adverse hiological effect in and of itself.” Although
mercury concentrations were found in aligator tissues from the
Florida Everglades, populations there are stable with no indi-
cation of decline, suggesting no significant impact on repro-
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Table 1. Mercury concentrations (ppm wet mass) in crocodilian eggs

T. R. Rainwater et al.

Mean (+ SE) Mercury

Species Location n Concentration Range Reference
American aligator
(Alligator mississippiensis) Florida, USA 4 0.54 = 0.06 0.41-0.71 Ogden et al. 1974
Florida, USA 34 ND ND Heinz et al. 1991
South Carolina, USA 10 NR 0.01-0.02 Bowles 1996
American crocodile
(Crocodylus acutus) Florida, USA 5 0.09 = 0.01 0.07-0.14 Ogden et al. 1974
Florida, USA 9 0.13 = 0.01 NR Stoneburner and Kushlan 1984
Morelet’s crocodile
(Crocodylus moreletii) Belize 31 0.07 = 0.01 <0.02-0.23 This study
Nile crocodile
(Crocodylus niloticus) Zimbabwe 26 0.23 + 0.032 0.02-0.54 Phelps et al. 1986

@Based on dry mass.
ND = Not detected, NR = Not reported.

duction (Heaton-Jones et al. 1997). Likewise, athough virtu-
aly every river in coastal South Carolinais contaminated with
mercury (Facemire et al. 1995), alligator population densities
there are equal to or exceed those of other states within the
anima’s range (Rhodes 1998). The limited data from the
present study indicate mercury contamination in Morelet's
crocodile eggs in northern Belize, suggesting chemical expo-
surein adult females, devel oping embryos, and neonates. How-
ever, Morelet’s crocodiles in these areas have shown no overt
signs of mercury toxicity (e.g., emaciation, abnorma motor
coordination; Eisler 1987) and no indication of population
decline is evident (Rainwater et al. 1998; Platt and Thorbjar-
narson 2000). Because mercury may have latent, chronic ef-
fects on wildlife (Eisler 1987; Wolfe et al. 1998), long-term
monitoring and sampling of crocodilian populations are essen-
tial for detecting contaminant-induced impacts over time.

In this study, 31 (100%) Morelet’s crocodile eggs from three
localities in northern Belize were found to contain mercury.
This constitutes the first report of mercury in crocodilian eggs
from Central America and, to our knowledge, only the fifth
report of mercury in crocodilian eggs worldwide (4 of 23 extant
species, Ross 1998). Mean concentrations were among the
lowest reported for crocodilians, but certain eggs contained
levels comparable to those observed in other species. However,
a paucity of information on the effects of mercury on crocodil-
ians makes it difficult to speculate on the biological signifi-
cance of these concentrations (Stoneburner and Kushlan 1984).
Controlled laboratory studies and long-term population moni-
toring are warranted to fully understand the relevance of mer-
cury in crocodilian eggs and the effects of mercury on croc-
odilians at both the individual and population levels.

Acknowledgments. We thank Barry Bowen (Gallon Jug) and Robert
Noonan (Gold Button Ranch) for providing access to their property.
We also thank Colin, Mark, and Monique Howells (Lamana Outpost
Lodge/Lamanal Field Research Center); Bruce and Carolyn Miller
(Wildlife Conservation Society, Gallon Jug); and Robert Noonan
(Gold Button Ranch) for generously providing accommodations in
Belize during this project. Thomas Rhott and Travis Crabtree assisted
in egg collections. This project was supported by Lamanai Field
Research Center, Indian Church, Belize, the Royal Geographical So-

ciety, and U.S. EPA (grant no. R826310 to STM). SGP was supported
by Wildlife Conservation Society. Additional support for TRR was
provided by the ARCS Foundation, Lubbock, Texas.

References

Adair BM, Cobb GP (1999) Improved preparation of small biological
samples for mercury analysis using cold vapor atomic absorption
spectroscopy. Chemosphere 38:2951-2958

Bargar TA, SillsMcMurry C, Dickerson RL, Rhodes WE, Cobb GP
(1999) Relative distribution of polychlorinated biphenyls among
tissues of neonatal American aligators (Alligator mississippien-
sis). Arch Environ Contam Toxicol 37:364—-368

Best SM (1973) Some organochlorine pesticide residues in wildlife of
the Northern Territory, Australia. Aust J Biol Sci 26:1161

Bowles MI (1996) The comparison of mercury concentrations in
American aligator (Alligator mississippiensis) eggs from two
sites in coastal South Carolina. Bull SC Acad Sci 58:29

Brazaitis P, Rebelo GH, Yamashita C, Odierna EA, Watanabe ME
(1996) Threats to Brazilian crocodilian populations. Oryx 30:275—
284

Brazaitis P, Watanabe ME, Amato G (1998) The caiman trade. Sci
Amer 278:70—76

Brisbin IL Jr, Jagoe CH, Gaines KF, Gariboldi JC (1998) Environ-
mental contaminants as concerns for the conservation biology of
crocodilians. In: Crocodiles. Proc 14th Working Meeting Croc
Spec Grp, SSC-IUCN, pp 155-173

Burger J, Gochfeld M, Rooney AA, Orlando EF, Woodward AR,
Guillette LJ Jr (2000) Metals and metalloids in tissues of Amer-
ican alligators in three Florida lakes. Arch Environ Contam Toxi-
col 38:501-508

Charnock-Wilson J (1970) Manatees and crocodiles. Oryx 10:236—
238

Cobb GP, Wood PD, Quinn MO (1997) Polychlorinated biphenylsin
eggs and chorioallantoic membranes of American aligators (Al-
ligator mississippiensis) from coastal South Carolina. Environ
Toxicol Chem 16:1456-1462

Cobb GP, Houlis PD, Bargar TA (2002) Polychlorinated biphenyl
occurrence in American alligators (Alligator mississippiensis)
from Louisiana and South Carolina. Environ Pollut 118:1-4

Code of Federal Regulations, 50 (1977) Wildlife and Fisheries, Office
of the Federal Register, National Archives and Records Service,
Genera Service Administration, Washington, DC

Crain DA, Guillette LJ Jr, Pickford DB, Percival HF, Woodward AR



Hg in Crocodile Eggs from Belize

(1998) Sex-steroid and thyroid hormone concentrations in juve-
nile aligators (Alligator mississippiensis) from contaminated and
reference lakes in Florida, USA. Environ Toxicol Chem 17:446—
452

Delany MF, Bell JU, Sundliof SF (1988) Concentrations of contami-
nants in muscle of the American aligator in Florida. J Wildl Dis
24:62—-66

Driscoll CT, Yan C, Schofield CL, Munson R, Holsapple J (1994) The
mercury cycle and fish in Adirondack lakes. Environ Sci Technol
28:136a-143a

Eisler, R (1987) Mercury hazards to fish, wildlife, and invertebrates: a
synoptic review. USFWS Bio Rep 85 (1.10)

Elsey RM, Lance VA, Campbell L (1999) Mercury levels in alligator
meat in south Louisiana. Bull Environ Contam Toxicol 63:598—
603

Facemire C, Augspurger T, Bateman D, Brim M, Conzelmann P,
Delchamps S, Douglas E, Inmon L, Looney K, Lopez F, Masson
G, Morrison D, Morse N, Robison A (1995) Impacts of mercury
contamination in the southeastern United States. Water Air Soil
Pollut 80:923-926

Ferguson MWJ (1985) Reproductive biology and embryology of the
crocodilians. In: Gans C, Billet F (eds) Biology of thereptilia, vol.
14. John Wiley and Sons, New York, NY, pp 329-491

Frost MD (1974) A biogeographical anaysis of some relationships
between man, land, and wildlifein Belize (British Honduras). PhD
diss., Oregon State University, Corvallis, OR

Gibbons JW, Scott DE, Ryan TJ, Buhlmann KA, Tuberville TD, Metts
BS, Greene JL, Mills T, Leiden Y, Poppy S, Winne CT (2000)
The global decline of reptiles, d§a vu amphibians. Bioscience
50:653-666

Grieb TM, Driscoll CT, Gloss SP, Schofield CL, Bowie GL, Porcella
DB (1990) Factors affecting mercury accumulation in fish in the
upper Michigan peninsula. Environ Toxicol Chem 9:919-930

Guillette LJ Jr, Pickford DB, Crain DA, Rooney AA, Percival HF
(1996) Reduction in penis size and plasma testosterone concen-
trations in juvenile alligators living in a contaminated environ-
ment. Gen Comp Endocrinol 101:32—42

Guillette LJ Jr, Gross TS, Masson GR, Matter JM, Percival HF,
Woodward AR (1994) Developmental abnormalities of the gonad
and abnormal sex hormone concentrations in juvenile alligators
from contaminated and control lakes in Florida. Environ Health
Perspect 102:680—688

Guillette LJ Jr, Brock JW, Rooney AA, Woodward AR (1999) Serum
concentrations of various environmental contaminants and their
relationship to sex steroid concentrations and phallus size in
juvenile American aligators. Arch Environ Contam Toxicol 36:
447-455

Hall RJ (1980) Effects of environmental contaminants on reptiles: a
review. US Fish Wildl Ser Spec Rep, Wildlife no. 228

Hall RJ, Kaiser TE, Robertson WB, Patty PC (1979) Organochlorine
residues in eggs of the endangered American crocodile Crocody-
lus acutus. Bull Environ Contam Toxicol 23:87-90

Hanisch C (1998) Where is mercury deposition coming from? Environ
Sci Technol 3:176a-179a

Hartshorn G, Nicolait L, Hartshorn L, Bevier G, Brightman R, Cal J,
Cawich A, Davidson W, Dubois R, Dyer C, Gibson J, Hawley W,
Leonard J, Nicolait R, Weyer D, White H, Wright C (1984) Belize
country profile: afield study. USAID and Robert Nicolait Assoc,
Belize City, Belize

Heaton-Jones TG, Samuelson D, Brooks D, Lewis P, Chisolm M
(1994) Mercury analysis in the eye and visua pathway of the
American alligator. Invest Ophth Vis Sci 35:1514

Heaton-Jones TG, Homer BL, Heaton-Jones DL, Sundlof SF (1997)
Mercury distribution in American aligators (Alligator mississip-
piensis) in Florida. J Zoo Wildl Med 28:62-70

Heinz GH, Percival HF, Jennings ML (1991) Contaminants in Amer-

323

ican alligator eggs from Lakes Apopka, Griffin, and Okeechobee,
Florida. Environ Monit Assess 16:277-285

Hord LJ, Jennings ML, Brunell A (1990) Mercury contamination of
Florida aligators. In: Crocodiles. Proc 10th Working Meeting
Croc Spec Grp, SSC-IUCN, pp 229-240

Jagoe CH, Arnold-Hill B, Yanochko GM, Winger PV, Brisbin IL Jr
(1998) Mercury in aligators (Alligator mississippiensis) in the
southeastern United States. Sci Total Environ 21:255-262

Jennings ML, Percivad HF, Woodward AR (1988) Evauation of
aligator hatchling and egg removal from three Florida lakes. SE
Assoc Fish Wildl Agencies 42:283-294

Linder G, Grillitsch B (2000) Ecotoxicology of metals. In: Sparling
DW, Linder G, Bishop CA (eds) Ecotoxicology of amphibians and
reptiles. SETAC Press, Pensacola, FL, pp 325-459

Matthiessen P, Fox PJ, Douthewaite RJ, Wood AB (1982) Accumu-
lation of endosulfan residuesin fish and their predators after aerial
spraying for the control of tsetse fly in Botswana. Pestic Sci
13:39-48

Miskimmin BM, Rudd JWM, Kelly CA (1992) Influence of dissolved
organic carbon, pH, and microbia respiration rates on mercury
methylation and demethylation in lake water. Can J Fish Aquat
Sci 49:17-22

Ogden JC, Robertson WB Jr, Davis GE, Schmidt TW (1974) South
Florida Environmental Project. Pesticides, polychlorinated biphe-
nyls, and heavy metals in upper food chain levels, Everglades
National Park and vicinity. Final report. Division of Natura
Science and Research Management Studies, Everglades National
Park

Peters LJ (1983) Mercury accumulation in the American aligator,
Alligator mississippiensis. Masters thesis, University of Florida,
Gainesville, FL

Phelps RJ, Focardi S, Fossi C, Leonzio C, Renzoni A (1986) Chlori-
nated hydrocarbons and heavy metals in crocodile eggs from
Zimbabwe. Trans Zimbabwe Scient Assoc 63:8-15

Phelps RJ, Toet M, Hutton JM (1989) DDT residues in the fat of
crocodiles from Lake Kariba, Zimbabwe. Trans Zimbabwe Scient
Assoc 64:9-14

Platt SG (1996) The ecology and status of Morelet’s crocodile in
Belize. Ph.D. diss., Clemson University, Clemson, SC

Platt SG, Thorbjarnarson JB (2000) Population status and conservation
of Morelet’s crocodile, Crocodylus moreletii, in northern Belize.
Biol Conserv 96:21-29

Rainwater TR, Platt SG, McMurry ST (1998) A population study of
Morelet’s crocodile (Crocodylus moreletii) in the New River
watershed of northern Belize. In: Crocodiles. Proc 14th Working
Meeting Croc Spec Grp, SSC-IUCN, pp 206—220

Rhodes WE (1998) The hedth of alligator populations in South
Carolina. In: Kendal R, Dickerson R, Giesy J, Suk B (eds)
Principles and processes for evaluating endocrine disruption in
wildlife. SETAC Press, Pensacola, FL, pp 301-311

Ross JP (1998) Crocodiles. Status Survey and Conservation Action
Plan. SSC-IUCN Croc Spec Grp, 2nd ed., Gland, Switzerland

Ruckel SW (1993) Mercury concentrations in alligator meat in Geor-
gia. Proc Annu Conf SE Assoc Fish Wildl Agencies 47:287-292

Rudd JWM (1995) Sources of methyl mercury to freshwater ecosys-
tems: a review. Water Air Soil Pollut 80:697—713

Sahoo G, Sahoo RK, Mohanty-Hejmadi P (1996) Distribution of
heavy metals in the eggs and hatchlings of olive ridley sea turtle
Lepidochelys olivacea from Gahirmatha Orissa. Indian J Mar Sci
25:371-372

Skaare JU, Ingebrigtsen K, Aulie A, Kanui Tl (1991) Organochlorines
in crocodile eggs from Kenya. Bull Environ Contam Toxicol
47:126-130

Stoneburner DL, Kushlan JA (1984) Heavy metal burdens in Ameri-
can crocodile eggs from Florida Bay, Florida, USA. J Herpetol
18:192-193



324

Surma-Aho K, Paasivirta S, Rekolainen S, Verta M (1986) Organic
and inorganic mercury in the food chain of some lakes and
reservoirs in Finland. Chemosphere 15:353-372

Vermeer K, Riseborough RW, Spanns AL, Reynolds LM (1974)
Pesticide effects on fishes and birds in rice fields of Surinam,
South America. Environ Pollut 7:217-336

Ware FJ, RoyalsH, Lange T (1990) Mercury contamination in Florida
largemouth bass. Proc Annu Conf Southeast Fish Wildl Agencies
44:5-12

Wessels CL, Tannock J, Blake D, Phelps RJ (1980) Chlorinated
hydrocarbon insecticide residues in Crocodylus niloticus Lauren-
tius eggs from Lake Kariba. Trans Zimbabwe Scient Assoc 60:
1117

Wheeler WB, Jouvenaz DP, Wojcik DP, Banks WA, VanMiddelem
CH, Lofgren CS, Nesbit S, Williams L, Brown R (1977) Mirex
residues in nontarget organisms after application of 10-5 bait for
fire ant control, northeast Florida 1972—74. Pestic Monit J 11:
146-156

Wolfe MF, Schwarzbach S, Sulaiman RA (1998) Effects of mercury

T. R. Rainwater et al.

on wildlife: a comprehensive review. Environ Toxicol Chem
17:146-160

Woodward AR, Percival HF, Jennings ML, Moore CT (1993) Low
clutch viability of American aligators on Lake Apopka Florida
Sci 56:52-63

Wu TH, Rainwater TR, Platt SG, McMurry ST, Anderson TA (2000a)
Organochlorine contaminants in Morelet’s crocodile (Crocodylus
moreletii) eggs from Belize. Chemosphere 40:671-678

Wu TH, Rainwater TR, Platt SG, McMurry ST, Anderson TA (2000b)
DDE in eggs of two crocodile species from Belize. J Agric Food
Chem 48:6416-6420

Yanochko GM, Jagoe CH, Brishin IL Jr (1997) Tissue mercury con-
centrations in aligators (Alligator mississippiensis) from the Flor-
ida Everglades and the Savannah River Site, South Carolina. Arch
Environ Contam Toxicol 32:323-328

Y oshinaga J, Suzuki T, Hongo T, Minagawa M, Ohtsuka R, Kawabe
T, Inaoka T, Akimichi T (1992) Mercury concentration correlates
with nitrogen stable isotope ratio in the animal food of Papuans.
Ecotox Environ Safety 24:37—-45



