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Diet Analysis of Kemp's Ridley Sea Turtles (Lepidochelys kempii; in Virginia
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Assrnacr. - Examination of sea turtles that stranded in Virginia during the late 1970s and early
1980s indicated that Kemp's ridleys (Lepidochelys kempii) fed primarily on blue crab (Callinectes
sapi.dus). We examined digestive tract samples and diet data collected in Virginia from 59 ridleys
during 1983 to 2002. Blue crabs and spider crabs (Libima sppJ were important components of
Virginia Kemp's ridley diet throughout the dataset.

KBY Wonus. - Reptilia; Testudines; Cheloniidae; Lepidochelys kempii; sea turtlel diet; crabs;
Chesapeake Bay; Virginia; USA

The Kemp's ridley, Lepiclocltelys kentpii, is the sec-
ond most abundant species of sea turtle in Virginia, USA
(Keinath et al., 1987). Kemp's ridleys are listed as

Endangered under the United States Endangered Species
Act of 1973 and as Critically Endangered by the World
Conservation Union (IUCN ,2003). They forage in large
numbers in US waters of the Atlantic Ocean and in the
Gulf of Mexico, but the only major nesting site is found
in Tamaulipas, Mexico (Musick and Limpu s,, 1997; Turtle
Expert working Group (TEWG), 2000). A significanr
portion of the juvenile population summers in estuaries
along the US Atlantic coast (Musick and Limpus. rggl),
and some juveniles tagged in the northwestern Atlantic
(including one from Virginia) have been encountered
nesting in Mexico (TEWG, 2000).

The Chesapeake Bay, Virginia, serves as an important
seasonal foraging ground for an estimated 3900 to 8100 sea
turtles annually (Keinath et al., 1987; Mansfield, 2003).
Most of these turtles are benthic-stage juvenile loggerheads
(Caretta caretta), but annual Kemp's ridley numbers are
estimated to be in the low- to mid-hundreds (Keinath et al.,
1994). Sea turtles enter Virginia's coastal waters and the
Chesapeake Bay when water temperatures reach approxi-
mately l8-20"C, generally in mid- to late-May, and they
begin to migrate south in the fall once temperatures decrease
(Lutcavage and Musick, 1985; Byles, 1988; Musick and
Limpu s, 1997; Coles , 1999). Virginia's srrandings typically
number between 200 and 400 per year, of which Kemp's
ridleys comprised approximately 3- I 27o of the annual totals
during 1983-2002 (mean - I .8Vo, standard deviarion (SD; =
3.5Vo) (Coles, 1999; Mansfield, 2003; VIMS, unpubl. data).
A large stranding peak is usually seen in the late spring or
early summer as the turtles complete migrations to Chesa-
peake Bay, and a smaller peak in Kemp's ridley strandings
is often seen in the fall (Lutcavage and Musick, 1985; Coles,
1999).

Durin_e 197 9-86. Kemp's ridleys examined by the
Virginia Institute of Marine Science (VIMS) consumed
primarily blue crabs (Callinectes sapidus) (Lutcavage
and Musick, 1985: Keinath et al., 1987). The level of

fishing for the blue crab in Chesapeake Bay has been
considered "intensive" since the early 1900s (Van Engel,
1958). Recent findings indicate that the Lower Chesa-
peake Bay blue crab spawning stock, larval abundance,
and postlarval recruitment were significantly lower dur-
ing 1992-99 than during 198 5-91 (Lipcius and
Stockhausen ,2002). Poor recruitment in I 99I in concert
with high fishing and natural mortality are the proposed
cause of the diminished spawning stock in 1992. The
blue crab stock, larval abundance, and recruitment are
not likely to rebound without significant reductions in
fishing and natural mortality, along with conditions con-
ducive to successful recruitment (Lipcius and
Stockhausen ,2002). This decline in the blue crab popu-
lation may have implications for the diet of Kemp's
ridley sea turtles in Virginia.

METHODS

Sample Collectiort. - Kemp's ridley gut samples (n =
l5) were collected in Virginia during August 1987 through
October 1994. These samples were archived and stored in
either l07o formalin or lTVoethanol. Those in l}Toformalin
were transferred to l07o ethanol prior to data collection.
Additional samples Qt = l8) were collected from July 2000
to September 2002. The collection and preservation meth-
ods used for the 2000 through2002 samples were similar to
the earlier samples (D.E. Barnard,pers. comnx.; J.A. Keinath,
pers. cot'tut't.; R.A. Pemberton, pers. comm.), so that the
samples would be comparable.

To obtain whole gut content samples, the entire
digestive tract was dissected from dead stranded or
incidentally caught Kemp's ridleys. After its removal,
each digestive tract was frozen, placed in l}Vo formalin,
or immediately sieved. Each digestive tract was cut open
and the contents emptied into a 500 pm sieve and rinsed
thoroughly with water. The gut contents were stored in
l07o freshwater formalin for at least 24 hrs, soaked in
water for several hours, and transferred to 707o ethanol.
Preservation procedures for stomach samples, other par-
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tial gut samples, and one fecal sample matched those
used for whole samples.

Data Collection. - Each gut sample was sorted into
general prey groups, and prey items were identified to the
lowest possible taxonomic level. All samples were retained
after sorting to provide a reference collection of prey items.
Whole fish, scales, and skeletal preparations were also used
for reference. Numbers of prey items were determined when
possible, and the samples were dried at approximately 60'C
in a drying oven for 2448 hrs (Shaver, 1991 ; Burke et al.,
1994; Forbes , 1999). Dry weights were measured to the
nearest 0. I g after cooling. Numerical counts and weights
were recorded because they can provide information about
feeding behavior and nutritional values, respectively
(Macdonald and Green, 1983); however, the large amounts
of indigestible crab, fish, and mollusc parts present in whole
sea turtle digestive tracts and fecal samples may result in
some bias (Burke et al. , 1993).

All gut content data were linked to the original
stranding data in a Microsoft Access@ database. Addi-
tional diet information on turtles that were necropsied
without being systematically sampled was compiled from
the VIMS stranding database. All data entry was verified
prior to analysis.

Data Analysis. - Cumulative prey curves were used to
evaluate whether a sufficient number of whole samples had
been examined to adequately describe the diet of Kemp's
ridleys during various temporal periods (Ferry and Calliet,
1996; Cort6s , 1997). These curves were constructed by
randomrzing the order in which samples were analyzed ten
times and then plotting the mean cumulative number of prey
types versus the number of samples examined. The mini-
mum number of gut samples that are needed to obtain
"precise" and "more reliable" results occurs once the curve
has reached its asymptote (Cort6s , 1997).

Percent occurrences (frequetrcy, VoF) of general prey
groups (horseshoe crab, crustaceans, molluscs, and fish)
were determined for all diet data. and percent occur-
rences of specific prey items were determined for all
samples and whole samples. Percent dry weight (7oW1

and percent number (7oN) were also calculated for prey
items in the whole samples, since multiple measures are
often necessary when prey items differ in size (Ferry and
Calliet ,, 1996).

Carapace length measurements of turtles examined
were notch-to-notch SCL, and the conversions determined
by Coles ( 1999) were used for turtles for which this measure-
ment was not available. Linear regression was performed
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Figure 2. Monthly distribution of data and samples from 1983-2002 (n = 59).
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using Minitab@ Version 14.12.0 to determine if there was
any linear relationship between turtle size (SCL) and dry
weights or numbers of prey items in whole samples.

Due to the limited amount of Kemp's ridley data, the
year divisions of 1983-94 and 1999-2002 were used ro
compare general diet information. Samples were only col-
lected during 1987 -94 and2000-02, so these divisions were
used in the more specific sample analyses. Seasonal (May-
July versus August-October) and spatial (bay versus ocean)
differences were also examined. Analysis of variance
(ANovA) was performed in Minitab@ version 14.12.0 to
examine differences between the year, month, and spatial
divisions. Values of %oF were transformed according to
Krebs (1989) to better achieve normality:

%oF -transformed = arcsinr/ (VoF 11 00).

Only main effects could be examined because of the use of
%oF values. A significance level of p < 0.05 was used in all
tests. Use of individual ANOVA tests was preferable to
multiple analysis of variance (MANOVA) because of the
relatively small number of turtles examined.

Based on the suggestions of Wallace (1981), diet over-
lap between Kemp's ridley and loggerhead (Seney , 2003)
sea turtles in Virginia was estimated using the Schoener
( 1970) index:

fr = I - 0.5(I lp,, -p.,1)

where p,i rs the proportion of food catego ry i in the diet
of species x, and p,irs the proportion of food category i
in the diet of species. This index ranges from zero to one
(no diet overlap to complete overlup) and can be multi-
plied by 100 to yield percent overlap. Average dry
weight values for samples from 2001 and 2002 were used
in the calculations.

RESULTS

Nine partial digestive tract samples and one fecal sample
were collected from Kemp's ridleys in Virginia and archived
at VIMS during 1987-94. Five whole ridley gur samples
were archived from l99I-94, and 18 were collected from
2000-02. Additional diet data were available on 26 Kemp's
ridleys examined during I 983-2002. Of these 59 turtles, 45
(23 samples) were encountered along Chesapeake Bay wa-
ters and 14 (10 samples) were from the oceanside of Virginia
Beach.

Eighteen of the 33 samples and rhe majority of the
general diet data were collected during 2000-02 (Fig. 1).
The monthly distribution of samples and dara (Fig. z) is
consistent with Virginia spring and fall stranding peaks, and
the vast majority of samples and data were collected in May,
June. and October.

The turtles with whole samples taken (n -23) ranged
in size from 23.1-49.9 cm scl- (mean - 36.7 cm, SD =
7.3 cm). and all of those with samples (n =33) ranged in
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Figure 3. Cumulative prey curves for whole digestive tract samples
from (a) l99l-2002 (n - 23), (b) l99l-94 (n = 5), and (c) 2000-
02 @ = l8). Error bars represent * one standard deviation.

size from 23.I-53.4 cm SCL (me?n = 37.9 cffi, SD = 8.5
cm). Kemp's ridleys with data (n = 59) ranged from
23.0-53.4 cm SCL (mean = 36.0 cm. SD - 8.6 cm). The
data set was comprised entirely of turtles in the "benthic
immature" size class (TEWG. ?000). and the range
included all but the largest ridleys encountered in Vir-
ginia (Musick and Limpus, l99l ).

Of those Kemp's ridleys with samples (rz = 33), 78.87o
(26) had no obvious trauma or abnormalities, and 15.27o (5)
had propeller-like or crushing injuries. One ridley sampled
had ingested hook and line fishing -sear, and one was an
incidental dredge take. This distribution was similar for all
turtles with diet information (n = 59): 79.77o (47) had no
visible trauma, 11 .9Vc (7) had propeller-like wounds, and
5.17o (3) showed evidence of fisheries interactions. Diet
comparisons were not made among these categories because
of the high proportion of turtles without obvious trauffi&,
which can often be attributed to the decomposition state of
stranded carcasses (EES, pers. obs.).
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Figure4.Frequencyofoccurrenceof(a)majorprey groups in all dietdata(n = 59) and (b)targetprey species in all samples (n = 33), grouped

by years.
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The cumulative prey curve for the Kemp's ridley whole
samples collected in Virginia from 199I-2002 appeared to

reach an asymptote, suggesting that most major prey items

were encountered (Fig. 3a). The whole samples (zr -23) had

a mean dry weight of 5 1.1 g (SD = 5l .4 g,median -33.2 g),

and there were an average of 12.3 prey items per whole
sample (SD - 16.9, median = 7.0) and 6.3 large prey items
(horseshoe crab, crabs, fish, Atlantic moon snail, Neveritia
duplicata) per whole sample (SD = 4.1, median = 6.0).

Simple linear regression indicated a positive relationship
between Kemp's ridley SCL and total dry weights (Ft,zr =
14.52,, p - 0.001) and large prey dry weights (Ft,n = 12.51,
p - 0.002), but there was no significant linear relationship
between SCL and total prey numbers (F, r r = 0.34, p = 0.564)
or large prey numbers (F' ,zt= 0.98 , P = 0.333). Small sample

size, however, must be considered when interpreting these

regressions and all of the following results.
The cumulative prey curve for whole Kemp's ridley

samples collected in Virginia during 200G-02 (n = 18) ap-

peared to be approaching an asymptote, but the I99l-94curve
(n = 5) did not (Figs. 3b,c). Due to these sampling limitations,
only general diet data (n = 59,, 1983-2002) and %oF data for all

samples (n = 33, 1987-2002) were examined statistically.

General prey data were compiled from the 59 Kemp's
ridleys examined and divided into two different year

groups ( 1983-94 and 1999-2002) (Fig . 4a). Crustaceans

were dominant throughout the ridley data set. The rare

occurrence of horseshoe crabs and fish may be an artifact
of small sample size, but neither has been reported
previously in the literature as part of the diet in Virginia
(Lutcavage and Musick 1985; Keinath et al. 1987).

ANOVA indicated that the differences between these

two year groups were not significant (main effect (Years):

F - 0.23, P = 0.665).
More specific data were acquired for those Kemp's

ridleys that were sampled (Tables l-2). Horseshoe crabs,

decapod crustaceans, fish, and Atlantic moon snuiils were

considered target prey items (Fig. 4b). As with horseshoe

ANOVA main effect (Years)

F=3.12,P:0.115
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Table 1. Frequency of occulrence of all prey items found in
Kemp's ridley samples (whole and partial) from Virginia during
l98l -2002 (n = 33).

1987 -94 2000-02 Overall
(n=15) (n=18) (n=33)

CHEr-oNrAN CoNSERVATToN AND BtoLocv, Volume 1. lv'untber 1 - 2005

Chelicerates 6.7 5.6
Horseshoe crab Linwlus poh,phenus 6.7 5.6
Crustaceans 100.0 100.0
Decapods
Blue crab Callinectes sapidus 93.3 72.2
Unident. portunid Callinectes sp. 6.7 5.6
Rock crab Cancer irroratus 13.3 27.8
Spider crab spp. Libtuia spp. 40.0 66.7
Lady crab Ovalipes ocellatus 6.7 5.6
Hermit crab spp. Pagunrs spp. 0.0 33.3
Purse crab Persephona ntediterranea 0.0 M.4
Mantis shrimp Squilla enxpusa 0.0 5.6
Other Crustaceans
Crab bamacle Chelonibia patula 6.7 0.0
Unident. crustacean 26.7 6l . I
Fish 0.0 16.7
Bony fish 0.0 16.7

Molluscs 40.0 50.0
Bivalves
Eastern Amer. oyster Crassostrea virginicct 0.0 5.6
Blue mussel Mytilus eclilus 20.0 22.2
Unident.bivalve 13.3 1l.l
Gastropods
Cerith sp. Biniwn sp. 0.0 I l.l
Wentletrap Epitortitun sp. 0.0 5.6
Eastern mud snail llyanasscr obsoleta 0.0 5.6
Three-line mud snail llycutassa triviftatus 6] 22.2
Unident. mud snail llycmassa or Nasscrius sp. 0.0 I I . I
Mottled dog whelk Nassarius vibe.r 6.7 5.6
Atlantic moon snail Neverita cluplicato 0.0 5.6
Unident. gastropod 0.0 5.6
Plants 53.3 55.6
Widgeon grass Rrytpict ntaritinn 6.7 16.7

Gulfweed sp. Sargassu,r? sp. 6.7 5.6
Eelgrass hstera ntafina 26.7 38.9
Unident. marine plant 26.7 22.2
Unident. terrestr. plant 0.0 5.6
Miscellaneous 26.7 16.7
Rocks 13.3 5.6
Unident. tissue 20.0 16.7

Anthropogenic Items 0.0 5.6
Hook and line gear 0.0 5.6

6.1
6.1

1.00.0

81.8
6.1

21.2
54.5
6.1

18.2

24.2
3.0

3.0
45.5

9.1
9.r

45.5

3.0
2t.2
t2.r

6.1

3.0
3.0

15.2

6.1

6.1

3.0
3.0

54.5
t2.I
6.t

33.3
24.2

3.0
21,2

9.1
18.2

3.0
3.0

crabs and fish, the appearance of hermit crabs, purse crabs,

and Atlantic moon snails in the 2000-02 dretdata may be due

to the increased sampling effort, and these differences were
not significant (main effect (Years): F - 3. 12, p - 0. I 15). At
best, it can be concluded that Callinectes spp. (predomi-
nantly C. scrpiclus) and Libinia spp. (L. dubia and L.

enxarginata) were important components of ridley diet in
Virginia during 1987 -2002.

The diet data w'ere also -srouped seasonally (Fig. 5) and

spatially (Fig. 6). Although crustaceans. molluscs, and fish
occurred with higher frequency in the May-July data than in
the August-October data, the difference was not significant
(main effect (Months): F - 7.15, p = 0.075). Within the

samples, ridleys consumed a greater variety of target prey
species in May-July, but the difference in VoF values was

also not significant (main effect (Months): F - 4.16, p -
0.068). Frequency of occurrence of general prey groups
(main effect (Location): F - 1.75, p = 0.278) and specific
target prey (main effect (Location) : F = I .78 ,,p =0.219) were
similar between bay and ocean turtles.

The Schoener ( 1970) index was used to estimate diet
overlap between loggerhead (Seney, 2003) and Kemp's

Table 2. Percent occurrence &F ). percent dry weight (VoW), and
percent number (7rN) of all pre)'items found in whole Kemp's
ridley gut samples from Vir,einia during 2000-02 (n = 18).

%F VoW 7oN

Chelicerates 5.6 0.3 0.4
Horseshoe crab Limulus polt'plrcnws 5.6 0.3 0.4
Crustaceans 100.0 94.0 51.2
Decapods
Blue crab Callinectes sopidus 72.2 21.7 16.1

Unident. portunid Callinectes sp. 5.6 0.1 4.4
Rock crab Cancer irrorants 27.8 0.8 3.2
Spider crab spp. Libinia spp. 66.7 40.1 129
Lady crab Ovalipes ocellants 5,6 0.1 0.8
Hermit crab spp. Pagurus spp. 33.3 0.2 3.6
Purse crab Persephona mediterranea MA 7.1 9.7
Mantis shrimp Squilla empltsa 5.6 0.0 0.4
Other Crustaceans
Unident.crustaceans - 61.1 23.7
Fish L6.7 3.0 2.0
Bony fish 16.7 3.0 2.0
Molluscs 50.0 0.7 6.4
Bivalves
Eastem Amer. oyster Crassostreavirginicct 5.6 0.0 0.4
Blue mussel Mvtilus edulis 22.2 0.0 6.9
Unident. bivalve I l.l 0.0 0.8
Gastropods
Cerith sp. Binium sp. I l.l 0.0 5.6
Wentletrap Epitoniur?? sp. 5.6 0.0 0.4
Eastem mud snail llvarutssa obsoleta 5.6 0.1 0.8
Three-line mud snail llvarutssa trivittatus 22.2 0.1 6.5
Unident. mud snail llyanassa or Nasscrir.rs sp. 1 1.1 0.2 2.4
Monled dog whelk Nassafius t'ibex 5.6 0.2 20.6
Atlantic moon snail Neverita duplicata 5.6 0.0 0.8
Unident. gastropod 5.6 0.0 1.2

Plants 61.1 0.1
Widgeon grass Ruppia mnritimn I 1.1 0.0
Gulfweed sp. Sargassunx sp. I 1.1 0.0
Eelgrass hsteru nrnrina 33.3 0.0
Unident. marine plant 21.8 0.0
Unident. terrestr. plant 5.6 0.0
Miscellaneous 16.7 2.0
Rocks 5.6 0.0
Unident. tissue 16.7 2.0
Anthropogenic Items 5.6
Hook and line gear 5.6 missing

ridleys in Virginia during 2001 and 2002. Earlier years were
not examined due to small numbers of ridley samples, and

only whole samples were used in this calculation. Average

dry weight values for horseshoe crabs, Callinectes spp.,

spider, hermit, rock, and purse crabs, bony fish, Busycon
whelks (consumed only by loggerheads), and Atlantic moon

snails were used. The overlap calculated for the two years

combined (45 loggerheads, 16 ridleys) was 46.lVo.

DISCUSSION

All of the Kemp's ridlevs examined \\'ere in the benthic
)( l{-r . and the majority of
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Virginia ridley diet during 1981-2002. In comparison, the

smaller Kemp's ridleys found in New York appear to con-
centrate their foraging efforts on slower-moving types of
crabs, including spider crabs and rock crabs (Cancer
irroratzs) (Burke et al., 1993,1994). Ridleys from Georgia
(Frick and Mason, 1998) and Texas (Shaver,1991) appear to
consume a large amount of blue crabs and other portunid

immature size class rTE\\-G. lt
samples were collected dunn g l'.
that blue crabs and spider ,r;r:
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crabs, in addition to the slower. walking crabs. Both turtle
size range and prey composition of the Virginia samples
appear to be more comparable to the ridleys examined in
Georgia and Texas than to those from New York, suggesting
similar foraging habits among similar-sized ridleys.

The appearance of new prey items in the 2000-02
samples could be due to increased sampling efforts, or it may
suggest that Chesapeake Bay blue crab declines (Lipcius and
Stockhausen, 2002) are beginning to affect ridley diet.
Although statistically not significant, a more diverse diet
was apparent in May-July as compared to August-October,
suggesting that either ridley foragin,_g areas or prey distribu-
tions and abundances may chan-ee during the months these
turtle occupy Virginia waters. Diet was similar between
turtles examined from bay and ocean areas. but these results
may be confounded by post-mortem mo\rements of car-
casses prior to stranding.

The estimated diet overlap for 2001 and 2002 combined
(46.lvo) may be a reasonable estimation of rhe overlap
between loggerhead and ridley diet in Virginia: horvever, the
actual foraging range overlap may be minimal. as telemetry

data suggest that loggerheads forage in deeper waters than
ridleys (Keinath et al,, 1987; Byles, 1988). Further investi-
gations of loggerhead and ridley diet, foraging sites, and

movements are necessary to determine the implications of
diet overlap between these two protected species.

Kemp's ridleys appear to concentrate their foraging
efforts in Virginia on both portunid and walking crabs,
particularly blue crabs and spider crabs. In order to better
understand and monitor potential effects of Virginia's
blue crab declines on ridley diet, gut contents should
continue to be examined. Additionally, larger sample
sizes and further monitoring are necessary to better
examine potential seasonal diet shifts. Such information
may be useful in the management of the blue crab fishery,
as well as in conservation schemes for the Kemp's ridley
and other sea turtle species.
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870 CseloNnru CoNSERVATToN AND Brorocv, Volume 4, Number 4 - 2005

Horseshoe crab Crustacean Mollusc Fish

i i e"v fn -- +s1 n oceailr =?il

*rol,
tr

960Io

iso
o

g40
o
=g30
lt

100

90

80

20

100

90

80

10

70

60

50

40

30

20

10

s
o(,
co
L
L
I(,
(,
o
r-
o
o
tr
o3ro
Llr

&tE€.=,aEqdodir6
q)4lu5P$EE€
GdJ=o' 

=t

E&&ooo
9E.Ev€C-c, oo-6€ocJ
9=f8

I reay 1n = zs1 uocean tn = rol I

Figure6.Frequencyofoccurrence of(a) majorprey groups in all dietdata(n=59) and(b) targetprey speciesinall samples (n = 33), grouped
by location.

stranding data over the years, and especially to T.
Bargo, M. Fagan, K. Frisch, A. Knowles, K. Mansfield,
A. Morrison, R. Pemberton, and the Virginia Marine
Science Museum Stranding Team. Many VIMS stu-
dents, staff, and faculty provided assistance with prey
identification and gut content analysis. Committee
members (EES) J. Brubaker, R. George, and R. Mann
provided many insights and previous editorial com-
ments. K. Mansfield and three reviewers provided
useful comments on earlier versions of the manu-
script. Funding for sample collection and preserva-
tion was provided in part by the VIMS Sea Turtle
Stranding and Research Program and the VIMS Fish
Collection. This paper is Contribution No. 2620 of the
virginia Institute of Marine Science, The College of
William and Mar1,.

LITERATURE CITED

Bunrs, V.J., SrnNnone, E.A., AND MonReRLE, S.J. 1993. Diet of
juvenile Kemp's ridley and loggerhead sea turtles from Long
Island, New York. Copeia 1993(4):1116-1 180.

BuRrs, V.J., MonnEnLE, S.J., AND Srnuoone, E.A. 1994. Diet of the
Kemp's ridley sea turtle, Lepidochelys kempii, in New York
waters. Fishery Bulletin 92:26-32.

ByLrs, R. 1988. Behavior and ecology of sea turtles from Chesapeake
Bay, Virginia. Ph.D. Thesis, College of William and Mary.

CoLes, W.C. 1999. Aspects of the biology of sea turtles in the Mid-
Atlantic Bight. Ph.D. Thesis, College of William and Mary,
Gloucester Point.

ConrEs, E. 1997. A critical review of methods of studying fish feeding
based on analysis of stomach contents: application to elasmo-
branch fishes. Canadian Journal of Fisheries and Aquatic Sciences
54:726-738.



FeRny, L.A. AND Cnu-rcr, G.M. 1996. Sample size and data analysis:
are we charactenzingand comparing diet properly? In: MacKinlay,
D. and Shearer, K. (Eds.). Feeding Ecology and Nutrition in Fish:
Proceedings of the Symposium on the Feeding Ecology and
Nutrition in Fish, International Congress on the Biology of Fishes.
San Francisco: American Fisheries Society, pp. 70-80.

FoRnEs, G.A. 1999. Diet sampling and diet component analysis. In:
Eckert, K.L., Bjorndal, K.A., Abreu-Grobois, F.A., and Donnelly,
M. (Eds.). Research and Management Techniques for the Conser-
vation of Sea Turtles. IUCN/SSC Marine Turtle Specialist Group,
Publ. No. 4, pp. 144-148.

FRtcx, M.G. AND MRsoN, P.A. 1998. Lepidochelys kernpi. Diet.
Herpetological Review 29(3):166-1 68.

IUCN 2003. 2003 IUCN Red Lisr of Threatened Species.
www.redlist.org.

KsNaru, J.A., Musrcr, J.A., AND ByLrs, R.A. 1987. Aspects of the
biology of Virginia's sea turtles: 1979-1986. Virginia Journal of
Science 38(4):329 -336.

Krmern, J.A., BnnNnno, D.E., Musrcr, J.A., AND BSLL, B.A. 1994.
Kemp's ridley sea turtles from Virginia waters. In: Bjorndal, K.A.,
Bolten, A.B., Johnson, D.A., and Ehazar, P.J. (compilers). pro-
ceedings of the Fourteenth Annual Symposium on Sea Turtle
Conservation and Biology, NOAA Technical Memorandum
NMFS-SEFSC-35 1, pp. 7 0-7 3.

KRrns, C.J. 1989. Ecological Methodology. New York: Harper
Collins, pp. 445-451.

Lncrus, R.N. AND SrocrHnusEN, w.T. 2002. Concurrent decline of
the spawning stock, recruitment, larval abundance, and size of
blue crab in Chesapeake Bay. Marine Ecology Progress Series
226:45-61.

87r

LurcnvAGE, M. nNo Musrcr, J.A. 1985. Aspects of the biology of sea
turtles in Virginia. Copeia 1985:329-336.

MncDoNALD, J.S. nNo GnrEN, R.H. 1983. Redundancy of variables
used to describe the importance of prey species in fish diets.
Canadian Journal of Fisheries and Aquatic Sciences 40:635-63i .

MaNsnELo, K. 2003. Surfacing for science. Virginia Marine Re-
source Bulletin 35:2-8.

Musrcx, J.A. AND Lnralus, C.J. 1997 .Habitat utilization and migration
in juvenile sea turtles. In: Lutz, P.L. and Musick, J.A. (Eds.). The
Biology of Sea Turtles. Boca Raton: cRC press, pp. 137-163.

ScsoENEn, T.W. 1910. Nonsynchronous spatial overlap of lizards in
patchy environments. Ecology 5 I (3):408-41 8.

SENEY, E.E. 2n3 . Historical diet analysis of loggerh ead (Caretta caretta)
and Kemp's ridley (lzpidochelys lcempi) sea turtles in Virginia. M.S.
Thesis, college of william and Mary, Gloucester point.

SHnvEn, D.J. 1991. Feeding ecology of wild and head-started Kemp's
ridley sea turtles in South Texas waters. Journal of Herpetology
25(3):327-334.

Tunrle ExpEnr WonruNc Gnoup. 2000. Assessment Update for the
Kemp's Ridley and Loggerhead Sea Turtle Populations in the
Western North Atlantic. U.S. Department of Commerce. NOAA
Technical Memorandum NMFS-SEFSC- 444,1 15 pp.

vnN ENGSL, w.A. 1958. The blue crab and its fishery in Chesa-
peake Bay: Part I - Reproduction, early development, growth,
and migration. Commercial Fisheries Review 20(6):6-17.

Wnllecn, R.K., JR. 1981. An assessment of diet-overlap indexes.
Transactions of the American Fisheries Society l I0:j2-76.

Received: 19 November 2003
Revised and Accepted: 28 September 2004

SENEy AND Musrcr - Diet of Kemp's Ridleys in Virginia


