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Abstract-Selenium (Se) is embryotoxic in many oviparous vertebrates, but little is known about maternal transfer of Se and its 
impact in reptiles. Over a four-year period, we collected three clutches of eggs of the American alligator (Alligator mississippiensii) 
from a single nest at a site contaminated with Se and compared egg and hatchling Se concentrations and clutch viability from this 
nest to nests downstream from the contaminated site (two clutches from two nests) and at a reference site (two clutches from two 
nests). Eggs and hatchlings from the nest at the'Se-contammated site and downstream nests had elevated Se concentrations (2.1­
7.8 ppm) and lower viability (30-54%) compared to reference nests (1.4-2.3 ppm and 67-74% viability), but Se concentrations 
did not exceed reproductive toxicity thresholds established for other oviparous vertebrates. Selenium concentrations were higher 
in chorioallantoic membranes of eggs from Se-contaminated sites, suggesting that this tissue may be useful as a nondestructive 
index of Se exposure for embryos of A. mississippiensis. Examination of these data suggests that further studies on uptake, 
accumulation, and reproductive success of crocodilian embryos exposed to excessive Se are warranted. 
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INTRODUCTION MATERIALS AND METHODS 

Maternal transfer can be a significant source of exposure We collected eggs of A. mississippiensis in 1997 through 
to potentially toxic substances for crocodilian embryos and 2000 from three sites in South Carolina, USA: a 2-ha drainage 
hatchlings. Most studies of maternal transfer of environmental swamp (ABS) that receives effluent from a coal-burning elec­
pollutants in crocodilians have focused on organic contami­ tric power plant; 2.0 to 2.5 k:m downstream from the power 
nants and mercury [1"':"8], but nothing is known about maternal plant along Beaver Dam Creek (BDe), a tributary of the Sa­
transfer of selenium (Se) in crocodilians inhabiting Se-con­ vannah River into which surface water from the ABS drains; 
taminated sites despite evidence that Se is embryotoxic to other and a nearby reference pond (REF). Seven clutches were col­
oviparous organisms [9,10]. Selenium contamination in aquat­ lected, three from the only nest that exists in the ABS site 
ic habitats is a growing concern worldwide as a consequence (1997,1999, and 2000), and one each from two different nest­
of mining, industrial, and agricultural discharges and runoff; ing locations in the BDC site (1997 and 2000) and two nesting 
oil procurement, transport, refining, and utilization; and the locations in the REF site (1997 and 1999). Although we cannot 
disposal of fly ash from electric power-generation facilities be certain, the three clutches from ABS were likely from the 
[11-13]. Because-crocodilian embryos are particularly sensi­ same female, whereas the four clutches from BDC and REF 
tive to some environmental contaminants (e.g., organic com­ were likely from different females. The coal-burning plant is 
pounds [14,15]), it is important that maternal transfer of other located on- the U.S. Department of Energy's Savannah River 
contaminants, such as Se, be examined with respect to its Site. Previous investigations, many of which were conducted 
potential effects on juvenile recruitment. simultaneously with this study, documented high concentra­

A single American alligator (Alligator mississippiensis) tions of Se in water, sediments, and biota from ABS and from 
was observed to repeatedly nest in a swamp downstream of a BDC relative to reference sites historically unpolluted with 
coal-burning electric power plant, a Se-contaminated site that coal combustion wastes. Site descriptions and a detailed dis­
has been the subject of many previous toxicological investi­ cussion of pollutant levels at the contaminated site can be 
gations [16-20]. No other alligator nested in this swamp during found in previous publications [16-20]. 
the study. Although obvious limitations exist to what can be Eggs were collected from nests each year between June 22 
achieved when working with a single individual, this female and August 8. Complete clutches were placed in plastic bins, 
provided us with a novel opportunity to determine if excessive cushioned with natural nest material, and transported (avoiding 
Se is materna\ly transferred in A. mississippiensis, arid whether vibrations and rotation) to the Savannah River Ecology Lab­
the chorioallantoic membrane (CAM; the extraembryonic oratory, near Aiken (SC, USA), where they were counted and 
membrane often remaining in the egg shell after hatching) has weighed. Three to five eggs from each clutch were frozen for 
potential as a nondestructive index of Se exposure for embryos trace element analysis. The remaining eggs were placed in 
of A. mississippiensis. incubators (32-34°C; temperatures that produce mostly males 

[21]) containing moist vermiculite. Eggs from each clutch were 
* To whom correspondence may be addressed (hopkins@srel.edu). spread across multiple incubators and mixed with eggs from 
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Table I. Egg and hatchling parameters for AllIgator mississlppiensls from a coal-ash-polluted swamp (ash basin swamp [ABS]), a site downstream 
of the polluted swamp (Beaver Dam Creek-[BDC]), and an unpolluted reference pond (REF) in South Carolina, USA" 

Clutch and egg parameters Hatchling parameters 

Site Year 
Clutch 

Slze 

Clutch 
mass (g) Egg mass (g) 

% 
Hatching 

Incubation 
period (d) Mass (g) SVLb (mm) 

Total length 
(mm) 

ABSc 
ASS< 
ABSc 
BDC 
BOC 
REF 
REF 

1997 
1999 
2000 
1997 
2000 
1997 
1999 

30 
35 
29 
44 
46 
31 
41 

2,099 
2,430 
2,034 
4,367 
4,365 
2,011 
3,438 

70.0 (0.5) 
69.4 (0.4) 
70.1 (0.6) 
99.3 (0.8) 
95.7 (0.5) 
64.9 (0.6) 
83.9 (0.9) 

53.8 
50.0 
46.2 
53.8 
30.0 
66.7 
73.7 

64.2 (0.5) 
66.7 (0.7) 
61.4 (0.9) 
43.3 (0.5) 
60.0 (1.1) 
62.3 (0.4) 
66.4 (0.6) 

45.1 (0.5) 
47.1 (0.6) 
45.7 (0.07) 
62.7(0.9) 
60.0 (0.8) 
40.8 (0.5) 
56.3 (0.4) 

112.0 (0.5) 
114.6 (0.7) 
115.4(1.2) 
124.5 (0.9) 
124.9 (0.8) 
113.8 (0.6) 
122.2 (0.5) 

233.0 (0.9) 
240.6 (1.7) 
237.8 (2.1) 
258.0 (2.2) 
258.8 (1.5) 
236.0 (1.2) 
255.3 (I.!) 

a Values are means (::!:: I standard error). 
b SVL = snout-vent length. 

Eggs were collected from the same nest at ABS in all three years. 

other clutches. Egg viability was monitored throughout the 
incubation period, and eggs were periodically sprayed to main­
tain similar moisture conditions in all incubators. Eggs that 
were obviously inviable (severe discoloration or putrid odor) 
were removed and frozen. Upon hatching, alligators were mea­
sured (mass, snout-vent length, and total length), and three 
hatchlings were frozen for trace element analysis. Only CAMs 
left in the eggshell were removed and frozen for trace element 
analysis, resulting in five CAMs from ABS, two from BnC, 
and three from REF sites. Clutch viability was calculated as 
the proportion of eggs in a clutch (excluding eggs removed 
upon collection for trace element analysis) that produced viable 
hatchlings. All hatchlings not used for trace element analysis 
were released at their respective nests. 

Tissues (egg contents minus shells, hatchlings, and CAMs) 
were lyophilized and homogenized before being digested and 
analyzed for trace elementconcentrations by using inductively 
coupled plasma-mass spectrometry (Perkin-Elmer, Norwalk, 
CT, USA). For a detailed description of digestion and analysis 
procedures, refer to Hopkins et al. [22J. Mean percent recovery 
for Se in certified reference materials was 106%. Mean in­
strument detection limits of Se in eggs, CAMs, and hatchlings 
were 0.155,0.139, and 0.596 ppm, respectively. All Se con­
centrations (ppm) are presented as mean ± 1 standard error 
on a dry mass basis. 

RESULTS 

Mean clutch incubation periods ranged from 43 to 67 d 
(Table I). Incubation typically lasts 62 to 66 d [23J, indic8ting 
that most clutches in this study were collected within a few 
days of laying. Mean clutch, egg, and hatchling sizes varied 
widely among sites (Table I). In general, clutch, egg, and 
hatchling sizes were larger for BOC than for ABS and REF 
sites. Clutch viability ranged from 30 to 74%, but viability of 

REF clutches was higher than for ABS or BnC clutches (Table 
1). 

Selenium concentrations were generally higher in ABS 
eggs, hatchlings, and CAMs compared to BnC and REF sites. 
Mean Se concentrations in eggs and hatchlings from the ABS 
site were 2.4 to 3.7 times higher than those from BDC, and 
3.0 to 5.5 times higher than those from REF sites (Table 2). 
Selenium concentrations in eggs and hatchlings from the ABS 
nest differed little over the four-year period. Mean Se con­
centrations in CAMs exceeded concentrations in eggs and 
hatchlings. Selenium concentrations of CAMs from the ABS, 
BOC, and REF sites were 27.2 ± 5.6 ppm, 6.7 ± 0.6 ppm, 
and 5.0 ± 0.9 ppm, respectively. 

DISCUSSION 

This is the first study to document maternal transfer of 
excessive Se in a crocodilian from a site known to be polluted 
with Se. Not surprisingly, Se concentrations in the eggs ofA. 
mississippiensis from the ABS were the highest yet reported 
in a crocodilian. In contras~, Se concentrations in eggs from 
BDC and REF were generally comparable to concentrations 
in eggs collected from other sites uncontaminated with Se 
[2,3,12]. The female that transferred Se to her eggs probably 
accumulated Se from her diet, because reptiles in Se-contam­
inated habitats often accumulate high tissue burdens of Se 
through their food [17,19,24]. Whole-body Se concentrations 
of some common prey items for A. missfssippi"ensis, such as 
crayfish, fish, frogs, and turtles, range between 10 and 37 ppm 
in the ABS [17, 19J. Once high concentrations ofSe accumulate 
in tissues, Se is readily transferred to developing embryos, 
most likely through incorporation of selenoamino acids into 
proteins such- as vitellogenin [25]. Selenium in eggs of A. 
mississippiensis was likely maternally derived because eggs 
were in contact with contaminated ncst substrate for a short 

Table 2. Mean (::!: I standard error) selenium concentrations (ppm dry mass) of eggs and hatchlings of Alligator mississippiensis from a coal­
ash-polluted swamp (ash basin swamp [ABS]), a site downstream of the polluted swamp (Beaver Dam Creek [BDC]), and an unpolluted reference 

pond (REF) in South Carolina, USA. Selenium concentrations were based' on three to five eggs and three hatchlings per clutch 

Site (year) 

ASS ABS ABS BOC BOC REF REF 
(1997)" (1999)" (2000)' (1997) (2000) (1997) (1999) 

Egg 7.30 (0.18) 7.64 (0.14) 7.44 (0.40) 3.00 (0.03) 2.21 (0.19) 2.34 (0.04) 1.76 (0.10) 
Hatchling 7.20 (0.27) 7.49 (0.12) 7.75 (0.23) 2.36 (0.25) 2.11 (0.12) 1.95 (0.08) 1.41 (0.03) 

" Eggs were collected from the same nest at ABS in all three years. 
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period, and contact with Se-contaminated nest material did not 
account for additional Se uptake in turtles at this site [19}. 

Maternal transfer of Se has now been documented in diverse 
taxonomic groups including birds, crocodilians, turtles, and 
fish that use aquatic habitats ncar the same coal-burning power 
plant in South Carolina. Selenium concentrations in eggs and 

fo'[ 

rJ 
offspring of the ABS A. mississippiensis were higher than 
concentrations in common grackle eggs (Quiscalus quiscala; 
5.8 ppm [26]), similar to those in eggs of slider turtles (Trach­

emys scripta; 7.4 ppm [19]), and lower than concentrations in 
offspring of eastern mosquitofish (Gambusia holbrooki; 15.9 
ppm [27]) at the ABS site. Variation among taxa may reflect 
differences in physiology, ecology, or life history traits. In­
terestingly, maternal transfer of Se in the A. mississippiensis 

nesting in the ABS varied little over the four years of this 
study, suggesting that Se elimination during reproduction was 
perhaps in equilibrium with Se uptake or tissue burdens. Sim­
ilarly, no temporal trends in Se transfer to eggs were observed 
in a snake fed constant levels of Se in the laboratory [22]. 

Chorioallantoic membranes appear to have potential as in­
dicators of Se exposure in embryos of A. mississippiensis, a 
finding in agreement with other investigations suggesting 
CAMs as useful, nondestructive indices of exposure to some 
organic contaminants for crocodilian embryos [4,5]. Alter­
natives to lethal sampling techniques are valuable when as­
sessing contaminant exposure in rare wildlife, and conserva­
tion-oriented exposure assessments are particularly appropriate 
for crocodilian species, one third of which are endangered [12]. 
Although many studies have used CAMs to assess exposure 
to organic compounds, we know of only one other study [28] 
that used CAMs to detennine whether embryos have been 
exposed to an inorganic pollutant (i.e., Hg in birds). In our 
study, Se was concentrated in CAMs to a greater extent than 
in whole egg contents and hatchlings. Although little is known 
about the exact composition of the CAM, it has a lower lipid 
content than the yolk [29]. Differential partitioning of Se into 
CAMs suggests the CAM may be rich in protein, where Se (a 
sulfur analog) tends to concentrate [30]. As a consequence of 
high Se partitioning in CAMs, these extraembryonic mem­
branes may allow researchers to detect low levels of Se ex­
posure in a nondestructive manner. Future studies that examine 
whether Se concentrations in CAMs and embryos are corre­
lated would be useful for assessing the utility of CAMs as 
predictors of the extent of embryonic exposure to Se. 

The suggestion has been made that reproductive parameters 
may be tlle most sensitive measures of Se toxicity to wildlife 
[9,10,22]. Egg and hatchling Se concentrations for A. missis­

sippiensis from the ABS fell within the wide range of Se 
toxicity thresholds recommended for other oviparous verte­
brates (fish and birds: 3-16 ppm [9, I 0,31-33]), but information 
on Se toxicity in reptiles is limited. In the only controlled 
study of maternal transfer of Se and reproduction in a reptile, 
no reproductive effects were observed in snakes transferring 
as much as 23 ppm of Se to eggs [22}, a concentration three 
times higher than in eggs ofA. mississippiensis from the ABS. 
However, extrapolating risks from surrogate taxa may be in­
appropriate because of fundamental differences in physiology 
among taxa [12,34]. The limited number of clutches precluded 
any statistical assessment of reproductive effects associated 
with Se in A. mississippiensis. General trends indicate that 
clutch viability from the contaminated ABS and downstream 
on BDC (30-54%) was lower compared to the REF site (67­
74%; Table 1), and clutch, egg, and hatchling sizes were highly 
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variable. Viability of artificially incubated clutches of A. mis­

sissippiensis from relatively pristine sites generally falls be­
tween 70 -and 90% [15,35,36]. Whether reduced clutch via­
bility at sites contaminated with coal-combustion wastes re­
sulted from Se exposure is uncertain because numerous other 
factors, such as dietary nutrient deficiencies, genetic abnor­
malities, female size and age, population density, and the pres­
ence of other contaminants, may affect clutch viability in croc­
odilians [14]. Although numerous contaminants, including 
heavy metals and metalloids (e.g., As, Cd, Cl~ Cu, and Se), 
can be found in high concentrations at fly-ash disposal sites, 
Se is the only of the above contaminants maternally transferred 
in high levels to fish, bird, and turtle embryos at our study 
site [19,26,27]. Variation in clutch, egg, and hatchling size and 
weight most likely reflects variation in size and age of females 
[37], for which we have no data. 

Exposure of crocodilian embryos to Se at our study site 
likely is not an isolated case, but may be a widespread concern 
as a consequence of many human activities associated with Se 
pollution. Electricity generation by coal combustion; mining 
operations; and oil procurement, transport, and utilization are 
activities contributing to Se pollution that occur extensively 
in areas inhabited by crocodilians [13], and some of these 
activities have been identified as threats to crocodilian pop­
ulations [12,34,38]. Although this study was limited in scope, 
we provide evidence that further research concerning maternal 
transfer of Se and reproductive toxicity in crocodilians, which 
are important components of many aquatic ecosystems, is war­
ranted. 

Acknowledgement-We thank D. Kling, the Webb family, C. Zehnder, 
P. Bryer, and l. Congdon for assistance with this project. Collection 
and husbandry of animals was in conformance with all appropriate 
collection permits and animal care and use protocols. Fmancial sup­
port was provided by the Environmental Remediation Sciences Di­
vision of the Office of Biological and Environmental Research, U.S. 
Department of Energy, through Financial Assistant Award DE-FC09­
96SR18546 to the University of Georgia ~esearch Foundation. 

REFERENCES 

I. Stoneburner 	DL, Kushlan lA. 1984. Heavy metal burdens in 
American crocodile eggs from Florida Day, Florida, USA. J Her­
petolI8:192-193. 

2. 	Phelps RJ, Focardi S, Fossi S, Leonzio C, Renzoni A. 1986. 
Chlorinated hydrocarbons and heavy metals in crocodile eggs 
from Zimbabwe. Trans Zimbabwe Sci Assoc 63:8-15. 

3. 	Heinz GH, Percival HF, Jennings ML. 1991. Contaminants in 
American alligator eggs from Lake Apopka, Lake Griffin, and 
Lake Okeechobee, Florida. Environ Monit Assess 16:277-285. 

4. 	Cobb GP, Wood PD, O'Qumn M. 1997. Polychlorinated biphenyls 
in eggs and chorioallantoic membranes of American alligators 
(Alligator mississippiensis) from coastal South Carolina. Environ 
Toxicol Chern 16:1456-1462. 

S. 	 Bargar TA, Sills-McMurry C, Dickerson RL, Rhodes WE, Cobb 
GP. 1999. Relative distribution of polychlorinated biphenyls 
among tissues or neonatal American alhgators (Alligator missis­
sippiensis). Arch Environ Contom ToxicoI37:364-368. 

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

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

8. 	 Rainwater TR, Adair BM, Platt SG, Anderson TA, Cobb GP, 
McMurry ST. 2002. Mercury in Morelet's crocodile eggs from 
northern Belize. Arch Environ Con/am ToxicoI42:319-324. 

9. 	 Heinz GH. 1996. Selenium in birds. In Beyer WN, Hemz GR, 
Redmon-Norwood AW, eds, EnVironmental Contaminants in 
Wildlife: interprefmg Tissue Concentrations. Lewis, Boca Raton, 
FL, USA, pp 447-458. 



11 

1972 Environ. Taxieo!. Chem. 23, 2004 	 LB. Roc et a1. 

10. 	Lemly AD. 1996. Selemum in aquatic organisms. In Beyer WN, of selemum by snakes and frogs in the San Joaquin Valley, Cal­
Heinz GH, Redmon-Norwood AW, eds, Environmental Contam­ ifornia. Copeia 1988:704-710 

~".j 	 inants in Wildlife: Intelpreting Tissue Concentrations. Lewis, 25. Kroll KI, Doroshov SI. 1991. Vitellogenin: Potential vehicle for 
Boca Raton, FL, USA, pp 427-445. selenium in oocytes of the white sturgeon (Acipen!Jer transmon­

1l. Rowe eL, Hopkins WA, Congdon ID. 2002. Ecotoxicological 
implications of aquatic disposal of coal combustlOn resIdues in 

'j the United States: A review. Environ Monit Assess 80:207-276. 
12. 	 Campbell KR. 2003. Ecoxoticology of crocodilians. Appl Her­~ 

petoll:45-164." 
13. 	 Lemly AD. 2004. Aquatic selenium pollution IS a global envi­

ronmental safety issue. Ecotoxicol Environ Saf(in press). 

,'i 	 14. Guillette LJ, Gross TS, Masson GR, Matter 1M, Preeival HF, 
Woodward AR. 1994. Developmental abnormalities of the gonad 
and abnonnal sex hormone concentrntlOns in juvenile alligators 
from contaminated and control lakes in Flonda. Environ Health 
Perspect 102:680-688. 

15. 	 Guillette LJ, Crain DA, Gunderson MP, Kools SAE, Milnes MR, 
Orlando EF, Rooney AA, Woodward AR. 2000. Alligators and 
endocrine disrupting contaminants: A current perspective. Am 
Zool 40:438-452. 

16. Rowe CL, Kinney OM, Fiori 	AP, Congdon ID. 1996. Oral de­
formities in tadpoles (Rana catesbeiana) associated with coal ash 
depositIOn: Effecls on grazing ability and growth. Freshwater 
Biol36:723-730. 

17. 	 Hopkins·WA, Rowe CL, Congdon JD. 1999. Elevated trace el­
ement concentrations and standard metabolic rate in banded water 
snakes (Nerodia fasciata) exposed to coal combustion wastes. 
Environ Toxicol Chem 18:1258-1263. 

18. 	 Hopkins WA, Congdon ID, Ray JK. 2000. Incidence and impact 
of axial malformations in larval bullfrogs (Rana catesbeiana) 
developing in sites polluted by a coal-burning power plant. En­
viron Toxicol Chem 19:862-868. 

19. Nagle RD, Rowe CL, Congdon JD. 2001. Accumulation and se­
lective maternal transfer of contaminants in the turUe Trachemys 
scripta associated with coal ash deposition. Arch Environ Contam 
ToxicoI40:531-536. 

20. 	 Rowe CL, Hopkins WA, Zehnder C, Congdon JD. 2001. Meta­
bolic costs incurred by crayfish (Procambarus aculus) in a trace 
element-polluted habitat: Further evidence of similar responses 
among diverse taxonomic groups. Comp Biochem Physiol C 
Pharmacol Toxicol Endocrinol 129:275-283. 

2l. 	Ferguson MWJ, Joanen T. 1982. Temperature oregg incubation 
detennines sex in Alligator mississippiensis. Nature 296:850­
852. 

22. 	Hopkins WA, Staub BP, Baionno JA, Jackson BP, Roe JH, Ford 
NB. 2004. Trophic and maternal transfer of selenium in brown 
house snakes (Lamprophis fuliginosuii). Ecotoxicol Environ Saf 
(in press). 

I 
23. Lance V. 1989. Reproductive cycle 'of the American alligator. Am 

ZooI29:999-1018. 
24. 	OhlendorfHM, Hothem RL, Aldrich TW. 1988. Bioaccumulation 

~j 
~ 
~~ 

~ 

~ 

tanus). In Williot P, ed, Acipenser. Cemagraef, Bordeaux, France, 
pp 99-106. 

26. 	 Bryan AL, Hopkins WA, B.aionno JA, IacicsonBP. 2003. Maternal 
transfer of contaminants to eggs in common grackles (Quiscalus 
quiscala) nesting on coal fly ash basins. Arch Environ Contam 
ToxicoI45:273-277. 

27. 	 SLaub SP, Hopkins WA, Novak J, Congdon JD. 2004. Respiratory 
and reproductive characteristics of eastern mosquitofish (Gtlm~ 
busia holbrookI) inhabiting a coal ash settling basin. Arch En­
viron Contam ToxIcoI46:96-101. 

28. 	 Heinz GH, Hoffman DJ. 2003. ·Predlctmg mercury in mallard 
ducklings from mercury in chorioallantoic membnmes. Bull En­
viron Contam ToxicoI70:1242-1246. 

29. Cobb GP, Bargar TA, Pepper ca, Norman DM, Houlis PD, An­
derson TA. 2003. Using the chorioallantoic membranes for non­
lethal assessment of persistent organic pollutant exposure and 
effects in oviparous wildlife. Ecotoxicology 12:31-45. 

30. Reddy ce, Massaro EI. 1983. Biochemistry of selenium: A brief 
overview. Fundam Appl ToxicoI3:431-436. 

31. SkorupaJP, OhlendorfHM. 1991. Contaminants in drainage water 
and avian risk thresholds. In Dinar A, Zitberman D, eds, The 
Economics and Management of Water and Drainage in Agri­
culture. Kluwer Academic, Dordrecht, The Netherlands, pp 345­
368. 

32. Skorupa 	Jp. 1998. Selenium poisoning of fish and wildlife in 
nature: Lessons from twelve real-world examples. In Franken­
berger WT, Engberg RA, eds, Environmental Toxicology, Vol 2. 
Elsevier Science, New York, NY, USA, pp 59-116. 

33. 	Fairbrother A, Brix KV, Toll JE, McKay S, Adams WJ. 1999. 
Egg selenium concentrations as predictors of avian toxicity. Hum 
Ecol Risk Assess 5:1229-1253. 

)4. 	Brisbin IL, Jagoe CH, Gaines KF, Gariboldi IC. 1998. EnViron­
mental contaminants as concerns for the conservation biology of 
crocodilians. Proceedings, 14th Working Meeting of the Croc­
odile Specialists Group of the Species SurVIVal Commission of 
IUCN-The World Conservation Union, Gland, Switzerland, and 
Cambridge, UK, July 13-17, pp 155-173.' 

35. 	 Lance V, Joanen T, McNease L. 1983. Selenium, vitamin E, and 
trace elements in the plasma of wild and farm-reared alligators 
during the reproductive cycle. Can J Zool 61: 1744-1751. 

36. Joanen T, McNease LL. 1989. Ecology and physiology ofnesting 
and early development of the American alligator. Am Zool 29: 
987-998. 

37. Ferguson MWJ. 1985. Reproductive biology and embryology of 
the crocodilians. In Gans C, Billet F, Maderson P, cds, Biology 
of the Reptilia, Vol 14. John Wiley, New York, NY, USA, pp 
329-49l. 

38. 	 Brazaitis P, Rebelo GH, Yamashita C, Odierna EA, Watanbe ME. 
1996. Threats to Brazilian crocodilian populations. Oryx 30:275­
284. 


