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Abstract
Wilh increased concem over the status ol rcptile populations globall,v. coniaminant studies sllould be parl ofspecies evalualions.

\\.e ,n1atyzed eggs of \iesrcm pond turtles liom Fern Ridge Reservoir in westem Orcgon for 20 organochlorine (OC) pesticidesor

melaboli!es. ,12 congencr specific polychlc'rinated biphenlls (PCBt. and 16 lracc clements or metals These eggs represent thc

firsr ol this species analyzcd. The OC pesticidcs and PCB residuc concentrations in lhe westen pond lurtlc eggs were generally

lo\\, ard sirnilar to ihose lbund in eggs of snapping turtles fioln a rcmote site in Onlario. Canada. $/enem pond turtle eggs also

containeLl metcury and chromium. which are nerals of speciaL conccm. Although lew rcptilian eggs hale becn analyzed fbr

mclals. the 4,1.9 Fg/g dr]' weight chromium in a lvesrem pond tunle egg ir lhis s!ud) ma) be the highcn repofied ir a rcplilian egg

We lbund no signilfuant djfference ilr contaninant concenralions in eggs liom ncsts in Oregon. whcrc all tunle eggs lailcd !o-

harch c0mparedlo those whcrc some eggs halched. During this initial pmject. howe!cr. \\'e were unable lo assess fully the role of

OCs. pCBs and other conta inanrs in the wcstcm pond tutle dccline. Factors olhcr than contaminanls may be involved. ln

anorher !!udy. snapping turtlc cggs near rhe Grca! Lakes-Si. Lawrcnce Ri|er basin wcrc much nore coDlaminated rith eliderce

reponed ol citccts on sex dilcrcntiation and reproductive endocrinc iunction. Egg hatchabiliry, the onl) reproductive parameter

nonitored, may notbc the most sensiri\,c endpoint. Other cndpoinrs. including cndocrine funclion. deibrmity fales, grow$ rales.

rnd ser deterDination need study.

lntroduction
Thc westem pond turtle (Clernm)-s marnorqta)
is a wide-ranging species that tbmerly occurred
from extreme western Washington, and possibly
British Colunbia. to nofthem Baia Califomia,
mostly $'est ofthe Cascade-Sierra crest (Emst et
al. l99rt). Pond turtles are now uncommon in the
Willamette Valley no h of Eugene, Lanc Co.,
Oregon, but abundance in Orcgon increases south
ofthat city whcre temperaturcs are higher (Stom
and Leonard 1995). Land use in the Willamette
basin is 707o forested (primarily in tributary
subbasins), 22olo agriculture (primarily cropland
on the valley floor), and 5olc urbanized (Bonn et
al. 1995). The basin includes I I of the l2 largest
cities in Oregon. including the 5 largest (Center
for Population Research and Census 1992). and
approxirnately 2 million pcople or 70ol. ofOregon's
popu la t  ion  t  Orepon Dcpa l lmen l , , l  En \  i ronmen-
tal Quality 1988, Bonn et al. 1995). Like other
spccies throughout the world. the western pond
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tunle has experienced population declines where
human numbers or disturbances have increased
(Jennings and Hayes 199,1. Holland 199,1). The
U.S. Fish and Wildlife Service was pctitioned to
list the species under the Endangered Species Act
(U.S. Fish and Wildlife Service 1992).

The risk from contaminants in tufile habitat is
potentially serious since some westem pond tuftle
populations occur in close proximity to humans
(Germano and Bury 2001). Also. since nrfiles spend
much of their lives in or near aquatic habitats.
they may be pafiicularly vulnerable to the many
contaminants that enter watervays associated with
industrial and agricultural land uses. Most data
on contaminanis in tuftles are from snapping tunles
(Chelydra serpetttina) in eastem North America
(Me1,ers-Schcine and Walton 199,1. Sparling et al.
2000) in the 1980s and 1990s. These studies re
vealed highly variable residue concentrations but
repofied regularly: p,p'-DDE (DDE), p,p'-DDT
(DDT). p.p'-DDD (DDD). dieldrin. hexachloro-
hcnzene.  heptaLh lor  epox ide .  l ind lne .  mi re r .
photomirex, cl.r-nonachlor. trafi ,!-nonachlor.
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oxychlordane. and PCBs. Polychlorinated diox
ins and furans (PCDDs/PCDFs) u'ere evaluated
infrequently. Limited egg residue data were avail-
able lbr painted turtles (Cftr._y.re/,1-rs pi.la). box
tLrrtles (Terrapene Lzrroliro), and red-eared slid-
ers (Tracheml's scriprc) (Spa ing et al. 2000).

Bishop et al. (1991) reported that rates of ab-
normal development occurred in snapping tufile
fupu la l iun \  \ \  i l h  the  h i lhe . t  PCB concen l ru l ion \
in eggs. but rates did not cofielate wi|h OC pcsti-
cides. Hou,ever, their study did not statistically
consider PCDDs and PCDFs. A rcanalysis ofthe
data showed that the occurrences of abnonnali-
ties and unhatched eggs were also conelated with
several PCDDs and PCDFs (Bishop et al. 1998).
ln snapping turtlcs, contaminants nray also in-
fluence sex differentiation and reproductive en-
docrine function. The ratio of precloacal length
to the posterior'lobe ofthe plasfon (PRR) is sexu-
ally dimorphic in snapping turtles, and de Solla
et al. ( 1998) found statistically signiticant reduc-
tions in the PRR at three contaminated sites ver-
sus two reference sites. A signil icantly higher
proportion of PRRs of males from a contaminated
sitc overlapped with those oflernales than PRRs
of males fiom a refercnce site (Lake Sasajewun).
Despite changes in nrorphology. de Solla et al.
(1998) reported few changcs in 17p-cstradiol or
testosterone levels in blood plasma.

Since no western pond turtle eggs had been
una l l  zeu l  l i ' r  c , 'n t rminu I t . .  und r 'un tan  r inunt - re -
lated problems were reportcd for othcr tunle spe-
cies, the objectives of our study werc to: (l) ana
lyze one egg cach from a series of 14 clutches
from Fern Ridge Reservoir for OC pesticides and
metabolites. congener-specific PCBs. and selected
traceelements and metals. and (2) evaluate hatching
succcss of cggs frorn cach clutch in relation to
residue concentrations in the sample egg collected
trom that clutch. Hatching success cornpared to
egg residue concentrations on a ncst basis pro-
vides a neans of evaluating possible effects of
contaminants on hatching (Blus 1984). When we
decided to conduct contaminant studres on a se-
des of westem pond tufl le eggs. only unhatched
eggs were available. Thus, an evaluation of the
more sensitive endpoints studied by Bishop et al.
(1991) and de Solla et al. (1998) werc no longer
an optron.

Study Area
Fern Ridge Reservoir (ca. 7 km west ofEugene)
in the southern Willamette Valley is a wide. shal

low lake fomed by an earth-till dam on the Long
Tom River. 3?.9 km abore its conflucnce with
the Will?unette River, Lane County. Oregon (Figurc
1). The reservoir is drau, n down in the fall and
\\ inlcr Io fro\ ide Ilorrj l , rntrol und irrigation .tor
age. and refi l led by mid-April of each year. Ap
proximately 1,000 ha of land ffound the reser-
voir are managed by the US Army Corps of
Engineers (COE) for'rccreation and wildlife habital
The majur lr ibul!rrier olFern Ridge Re.en oir are
Coyote Creek and the Long Tom River. which
together drain ovcr 750 km: ofthe eastern Coast
Range. The reservoir also receives flov"'s tiom the
Amazon Canal and several minor streams. The
Amazon Canal enters the reservot trom the east.
and was constructed in I 951 to divert water from
Amazon Creek, which drains storm water from
Eugene. When f'u11, the reservoir has a surface
arer o14.087 hl and is 7.6 nt rt it. dccpe.t p,' int
Average depth is approximately 2.I m. Enlcrgent
plants are abundant in the southenl and eastern
edges ofthe lake, along thc shoreline and in coves
lake-wide. Hundreds ofhectares of bulmsh (Sclrpls
.r.irt J). reed canary grass (Phalaris qrundbrucea),
and cattatLl (Typha ktil.r1la) marsh arc found near
the mouths of the Long Tom River. Coyote Crcck,
and Amazon Creek.

We have studied nesting westem pond turtles
at Fem Ridge Reservoir since 1992. Turlles nest
on the westem edge of Fern Ridge Reservoir at
South Applegate (Site A) and Tripass (Sire B)
(Figure 1). South Applegate nesting area is a,l ha
native wetland prairie in the southwcst corner of
the resenoir. The prairie area was plowed and
gr zed prior to atrd somewhat after the COE took
ownership in 1940, and is now considered a dc-
graded pra i r ie  communi t l .  Houerer .  na t i rc  $e t
prairie plants, including tufted hairgrass
( D e s c hump s itt t: tte spito s a), camas (Cararissia
quumash ), and rose (Rosn llrkara), are prcsent.
Soils are Dayton silt loam with a clay substra-
tunr. and drain poorly, which is typical of
Willamette Valley wet prairie. Many turtle nest
chambers in South Applegate are inundated dur-
ing the winter by soils saturated with rainwatcr.
Tripass is a 2 ha meadow dominated by shon
grasses and forbs near a large cove in the north-
western corner of the lake. The area was fomerly
famed (pasture and hay). but is currently leased
to a local school district tbr environmental edu-
cation. The lield where nesting occurs is mowcd
annually in late May prjor to turtle nesting. The
predominant soil type is Linslaw loam. Although
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poorly drained, dris arca is less saturated than South
Apn leg i r le  in  u  in le r .  d ,€ : '  no l  \uppof l  nar i re  ue l
prairie vegetation, and tuftle nests are rareiy, if
cver, inundated. Tuftles are ftequently observed
basking in the nearby cove. Evidence of turtle
movement betwecn the two sites is based upon a
male turtle marked on 12 April 1996 near South
Applegate that was fapped in Tripass Cove on
22 Junc 2000 (a distance of,1.95 km). Radio{e-
lemetry studies of westem pond turtles in west-
em Oregon reservoirs show that tdps of several
kilometcrs along rese oir shorelines are not un-
conmon (Beal 1993).

Methods

F eld [/]ethods

Nest arcas were searched daily between I June
and 25 July 1997, and tuftles nested between 4
June and 18 July. We marked l7 nests near Fem
Ridge Reservoir and these were incubated in the
wild. We excavated the nests on 2 October to de-
termine egg survivorship. Most eggs had not
hatched but appeared viable. Usually, successtul
nests have hatched by the first week of October.
The unhatched eggs were taken to an incubator

,1*  Henny.  Bcr l .  Bur l .  rnd  Coggan.



at E. E. Wilson Wildlife Management Area near
Corvall is, Oregon, with the hatchlings scheduled
for later release as part of an experimental Head
Start Program. Most clutches (14 of l7) chosen
for rcmoval had at least onc intact egg that did
not hatoh in the incubator, and one sample egg
from each ofthese clutches was analyzed lbr con-
taminants. The three clutches without an intact
egg available tbr analysis included two that werc
successful (hatched 2 fiom South Applegate and
hatched 9 fromTripass). and one that failed (South
Applegate). The clutch sizes were 6, 11, and 9.
The sample egg technique was used to evtiuate
residues in a sample egg in relation to hatchabil-
ity ofthe remaining eggs in the clutch. To use the
approach to evaluate critical residue concentra-
tions. we assume that egg resjdue concentrations
are consistent in eggs within a clutch. which has
bcen shonn for bird eggs (Blus 1984).

Analyt cal Chem stry

Egg contents were weighed and placed in chemi-
cally cleaned jars. We sent egg contents to the
Great Lakes Institute of Environlnental Research
at the University of Windsor, Windsor, Ontario.
tbr chemical analyses. Organic chemical analy-
ses were conducted using standard methods (Great
Lakes Institute of Environmental Research 1995)
to identity 20 OC pesticides and ,12 PCB conge-
ners. Data were quantitied by comparing samplc-
peak area against standard-peak area ofthree stan-
dards supplied by the Canadian Wildlife Service.
OC pesticides and PCB fractjons were analyzed
separately on an electron-capture gas chromato-
graph. The dctection limit fbr OC pesticides and
PCBs was 0.I pg,&g wct weight (ww). OC pesti-
cides and PCBs were confirnred using gas chro-
matography/mass spectrometry. Methodology for
extraction and clcanup was checked by sample
blanks, replicate samples, and cefiified reference
samples provided by the Canadian Wildlife Ser-
vice for OC pesticides and PCBs. Egg volume
was determined by water displacement. We con-
vefied contents of eggs to an approximate fresh
ww (for organics) using egg volume (Stickel et
a]. 1973). All OC and PCB residues are reported
as tresh ww.

Eggs were also analyzed for metals and trace
elements (Al. As, Cd, Co, Cr, Cu, Fe, K, Mg. Hg,
Mn, Na. Ni, Pb, V and Zn) by atomic absorption

spectrophotometry (Great Lakes lnstitute of En-
vironmental Research 1995). Dry weight (dw)
detection limits (pglg) were variable and presented
with the residue data.

Stat stical Ana yses

Residue conoentrations were presented as geo-
meffic means and log-transfomed for statistical
analyses. The lower quantification limit was halved
for samples in which a contaminant was not dc-
tected. This value was used to calculatc geomet
ric means when > 50o/o of the samples contarned
detectable residues. Because of unequal sample
sizes. the General Linear Models Procedurc (SAS
Institute 1996) for analysis ofvariance was used.
Statistical significance was P 3 0.05.

Results

Organochlor ne Pest cldes and PCBS in Eggs

Variable concentrations ofOC pesticides and their
metabolites occuned in turtle eggs (Table 1), with
DDE, oxychlordane. and lrarn-nonachlor present
in all. The geometric mean for total chlordanes
(frarr-nonachlor, cis-nonachlor. oxychlordane.
and cis-chlordane) was 2.32 trrg/kg. Two of the
three turtle eggs with the highest mirex concen
trations (2.22 and 2.69 !tg/kg) also contained the
degradation product photomirex (0.20 and 0.30
gg/kg). PCBs measured as Aroclor 1254:1260

TAtsLE L Organochlorinc contaminants (Ug/kg, wetweighl)
ir 14 $'crlcm pond turtle eggs collecled lrom Fcm
Ridge Resen'oir Oregon, 1997.

Caegorl_

Number of
Detecdons

Geolnetric
N{ean Rangc

p.f  -DDE

orvchlordane

Mlrex
Dieldr in
Heptachlor epoide
Clr-Nonachlor
1.2. ,1.5-TCB
Hexachlorobenzene

l.*ote: Pentachlorobenzene: oclachloroslyrenel alpha, beta and
gamma hexachlorocyclohcxanc: 1,2.3.,|-TCB (lelrachloro
benzeDe): rrdri chlordane; p.p: DDD; and p,p-DDT were nol
deiected. Photomircx rvas detected ln 2 eggs (0.20 and 0.30

Ug,&g) and. i r  chlordane in I  egg (0.09lrg,&g)
'ND = Not detected.
"NC = Not calculatcd if 50% or mofe of sanples were below
detection limit.

1'1

l, l
l 3
l l
l l
I 2
,7

1.16
1 .21
0.90
0.36
0 .  r 9
0 . r 3
0.08
NC"
NC

l .2 l - t  1 .0
0 .50  3 .51
o .27  | . 32
ND"-2.69
\D-0.38
ND-0.3'1
ND-o . l 8
ND-0.16
ND-o.I l
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TABLE 2. Tdal PCtss and PCB conseners (Ig/kg. wel weight) in l,t ucslem pond tudle eggs collected from Fcm Ridge Reser
\o i f .  Orepon. lqq7.

I LJPAC
Numbers Mean RJnre

Nunrber of
Detect ions

ILTPAC
Nulnbers

Geometric
Mean

Number of
Detec!ionsRange

153
1 3 8
180
i t 8
t79 / )94
183
203
99
1 8 2 / r 8 7
19,1
r05
201

,t.96
2.93
2.90
) .21
l . l 2
0.12
0.58
0.55
0 .51
0.'15
0.12
0.33

0.33
0.32
0 .19
0 . 1 7
0 . 1 3
0 . l 2
0 . 1 1
0.08
NC'
NC
19.8
39.6

r.05 r0.:1
0.71-.r.86
0.50 6.35
0.,1? 3.99
0 . l 9 -2 .82
0 .  r 9  1 .36
0 . l 3 - l . 2 ,1
0 .19  0 .75
0.20-0.69
0.1.1-0.98
ND. - t . l 5
0.08 0.55

l. l
1,1

t '1
1,{
1.1

1.1

l l
l , l

52
204)
r95
111
158
1 0 1
l,+6
149
20t)
66/95
I Congeners
Aroclor 125,1:1260

ND-0.78
0 .1u  0 .63
ND 0.:13
ND-o.25
ND 0.23
ND-0.12
ND 0 .13
ND 0.15
ND-0.2t)
ND 0..13
,1.78 17.1
9 .57  52 .1

l l

l l
1 3
I 2
I u
l 3
E
1
,+

l 1

N o t e :  I t i P A C l l / 2 8 , 1 2 . 6 . 1 . 7 , 1 . 7 0 . 6 1 J . 9 7  8 7 ,  1 5 1 . 1 4 1 . 1 2 9 .  1 8 5 . a n d  1 7 4  \ \ , e r c  n o t  d e r e c t e d .
PCB! o )  present in onc cgg ( IUPAC,l9.0.16 !g^s:  IUPAC,1,1.0. I  I  pgAg;IUPAC I  10.0.09 pg,&g;IUPAC 172.0.07 Ug/kg).' ND = Not dclcclcd.
" NC = Not calcuhted if 507. or nore of s:rmples .|lcrc below detecrion limit.

TABLE 3. Trace clcments :md metalr (!g/g. dry weight) in t1 wcnen pond tunte eggs tiom Fefn Ridge Rcservoir Oregon.
1991.

Nesl
Number Chromium Copper Iron Pot: r \ \ ium Maenes;um MirnlJne\e Sodium Nickel Zinc Mercurv

,4. 1 1.21)
A2  N I )
A 6 3.',72
A I 6.84
A  8  l . 6 l
A 9  N D
A  I O  \ D
A  13  N I )
A 1,1 .1.03
A  15  ND
A 16 ,1.1.9
B.] ND
I ]4  ND
8 5  N D

Mc.rn NCb
Dclcction
Limil  2.00

36 .2  l l 8
.1.39 62.1
5 . 2 6  l l 0
5.33 98.8
7 .18  120
5.89 12.8
5 .35  57 .3
5.3.1 6l.  r
9.16 86.2
6.16 60.3
11.O i25
5.98 57.0
6.67 85.3
,1.86 86.1

8.05 89.3

2.00 1.00

5910
,156t)
6,t50
5960
6310
6610
5860
5530
9',720
6t60
6t60'7210

7650
5190

6330

I6 .0

t020
10.t0
I  160
931

I, l6u
l,llt)
917
rJ50

1060
579
698

1070
12,10
981

1000

1 .00

2.28

2 .51
5 .25
2.29

0 .81
I  l 9
3.66
1 .93
1 .11
1 . 1 8
2.97
2.115

).22

0.05

'7040

5 3 r 0
730u
731t)
8020
1170
57.10
5810

r2200
8  r60
6930
7t00

1050t)
807t)

7510

8.59 58.7 ND.
2.62 52.1 0.16
5.59 61.1 ND
1.91 43.5 ND
6.11 ' ,71.1 0.)1
l . l 0  ' 72 .6  ND
0 .70  51 .8  ND
1..11 59.9 \t)
0.60 r00 ND
1..18 60.5 ND
27.1 71.5 ND
0.56 45.2 0.35
1.88 94.5 0.5'1
1.07 87.5 ND

2.11 65.1 N-C

3.00 0.50 0.50 0.15

Notci Cobalr fbund above dctcclion limit (0.30 Lrg/g) in only one egg (A 16.0.60 Ug/g). Aluminum (,1.00), Arscnic (2.00).
Cadmiun (0.l0), Lead ( 1.50) and V,tnadium (1.50) $cre not lbund above rhc detedion limirr lisrcd here.
"ND = Not detectcd.
" NC = Not c.rlculated if50rl. or more of samples \\,erc bclo$ the detecrion limir.

were prescnt in all turtle eggs and rt higher con-
centrations (39.6 [g/kg) than any ofthe OC pes
ticides (Table 2). The dominant PCBs fbund in
thc eggs were Intemational Union of Pure and
Applied Chemistry UUPACI numbers 153, 138.
180 and I l8 (Table 2).

lvetals and Trace E ements in Eggs

Of special interest are the nonessential elemcnts
cadmium, lead. and mercury, but also chromium
which is an essential nutricnt in the hivalcnt form
(Cr*r) buttoxic in the hexavalent form (Crt6) (Table
3). Cadmium and lead do not readily accumulate
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in eggs and were not detected in the eggs col-
lected during this study, whercas mercury was
detected in 4 of 1.1 eggs (Tablc 3). Chromium
(form unknown) u,as detected in 6 ol 1,+ eggs
collected. Interactions anrong nrgtals arc conlmon
and may bc either beneficial or harmtul. For ex-
ample. A- I and A- l6 with thc highest chromium
concentrations also contained the highest coppel
iron, and nickel. Other eggs with chromium de-
tected (A.6, A7, A8, and A14) often had copper.
iron. an,l ni, kel conecnlrction. rbovc the geometric
mean.

Egg Res idues  and Hatchab i  ty

Knowledge ofthe eggs that hatched in the incu-
babr and in the field pfovide some insjght into
possible efTccts ofegg residue concentrations on
overall hatchability. Unfofiunately, 14 nests is a
small numberfbr a rigorous statistical assessnent.
The success orfailure ofthe l4 individual clutches
varicd widely, but the OC pesticides, PCBs and
most metal concentrations were within arelatively
narow range (Tables 1-3). Thc success of the 14
nests (at least one egg hatched in 57.1% ol the
nesls, and 2l.l7c of the eggs hatched) was low
(Tablc ,1), but with the three nests added whcrc
no eggs wcre available for analysis, the percenc
ages (based on 1? ncsls) were slightly higher
(58.8'l. ofthe nests successful, and 25.2% ofeggs
hatched). With no significant difference in the
geometric means tbr DDE, total PCBs, oxy-
chlordane, /rzrs-nonachlor, ci.s-nonachlor, nircx.
heptacblor epoxide, and dieldrin in eggs tiomnests
that werc successful (hatched at lcast one egg.)
versus eggs from nests that totally fililed, and the
incidence of mercury and chromium (and the
extreme values) higher in the samplc cggs repre-
senting successful clutches. we lbund no evidencc
of adverse efttcts on hatchability related to l0
contanrinants (Table 4). The 7'egg clutch $,ith
the highest chromium concentration (4,1.9 pg/g
dw) was successful with one egg hatchcd.

Discussion

Western pond turtlcs nesting near Fern Ridge
Reservoir were exposed to a series of contami-
nants as evidencedby rcsidue concentrations fi)und
in their eggs. Howcvcr, we were limited in our
abiliLy to evaluate possible eflects of thcsc con-
taminants because eggs fiom only 14 nests were
studjed. Reproductive success was generally low
in 1997. but no obvious relationship between
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residue concantrations and hatchability of eggs
was tbund. Perhaps the most meaningful rcsidue
comparisons with our data are comparisons with
the largc series of snapping turtle eggs collected
in 1989-91 fiom thc Great Lakes St. Lawrence
River basin (Bishop et al. 1998), although we musr
recogn ize  th r t  .pe i ies  .ens i t i r  i t )  lo  con laminants
may vary. Eggs were collected at one remote ref'-
ercnce site (Lake Sasajewun, Algonquin Provin-
cial Park) and eight other sites in areas of con-
cern because of envirenmental contamination and
habitat loss. Organochlorine pesticides and PCB
residue concentrations in the westem pond turtle
eggs tiom Oregon were low and similar to the
snapping turtle data l iom the rcmote site at
Algonquin Provincial Park, but much lower than
all other sites where contaminant-related prob
lems were encountered (Bishop et al. l998).

Bonin et al. (1995) reported PCB congener
composition bctween snapping turtles and
mudpuppies (.Necturus macuktsus) along the St.
Lawrence and Ottawa Rivers. In snapping tunle
eggs, three congeners (1 113, 138 and 153) consti-
tu led  o \c r  ha l l  o l  rhe  lo la l  PCB ( ( rncenr rar ion .
These congeners were also dominant in mudpuppy
tissucs. but they represented only one third ofthe
PCBs. Bishop et al. (1996) reported that snap-
plng turtle and herring g]ull (.Laru.s argentutus)
eggs had a similar PCB composition pattem.
Westem pond turtle eggs at Fem Ridge Reser
voir also had the sarne three congeners constitut-
ing a similar 51.,17o of the total PCB concentra-
tion. Bonin ct al. (1995) noted that despire
difTerences in the physiology of endothems such
as birds and ectotherms such as reptiles, theirstud-
ies suggest that the metabolic capacities fordetoxi-
fication of chlorinated hydrocarbons are similar.

Few met ls and tlace elements have been ana-
lyzed in turtle eggs. The highest chromium value
in this study (11.9 ltglg dw) was considerably
higher than the 1.2 pg/g ww (perhaps 4.8 6 pg/g
dw) extreme fbr reptilian eggs in an American
alligatot ( A I l i g at o r lrrsissippir:n,il i) from Florida
(Heinz et al. 1991). Interactions among metals
also seem apparent, but are poorly understood.
Mercury was significantly higher in eggs of the
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