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ABSTRACT: The Kemp's ridley sea turtle Lepidochelys kempii is recovering from declines that
reduced nesting from a single-day estimate of 10 000 to 40 000 females in 1947 to <300 during the
entire 1985 nesting season. Although beach monitoring is crucial to estimating nesting population
size and activity, in-water data are essential for understanding population dynamics, evaluating
management strategies, and ensuring the species’ continued recovery. Fifteen immature and
7 adult female ridleys were fitted with platform terminal transmitters and released off the upper
Texas coast during 2004 through 2007. Immature individuals were tracked primarily during
warmer months and exhibited preferences for tidal passes, bays, coastal lakes, and nearshore
waters, although movement patterns varied among years. Females tracked during their inter-
nesting intervals remained in the vicinity of the upper Texas coast and, upon entering the post-
nesting stage, moved eastward along the 20 m isobath to foraging areas offshore of central
Louisiana. Satellite telemetry indicated that inshore and continental shelf waters of the northwest-
ern Gulf of Mexico serve as developmental, migratory, inter-nesting, and post-nesting habitat for
the Kemp's ridley. Projected population growth will likely lead to increased use of the northwest-
ern Gulf by the species and more frequent encounters with human activities. The extent of such
anthropogenic interactions and need for mitigation measures should be examined and considered
by natural resource managers to facilitate continued recovery of this and other sea turtle species
in the Gulf of Mexico. Likewise, research efforts should be continued to better understand sea-
sonal in-water distributions, abundances, population dynamics, and mortality risks to all life his-
tory stages.
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Migration - Satellite telemetry

Resale or republication not permitted without written consent of the publisher

INTRODUCTION

The Critically Endangered Kemp's ridley sea tur-
tle Lepidochelys kempii (IUCN 2009) is exhibiting a
recovery from declines that reduced its nesting pop-
ulation in Rancho Nuevo, Tamaulipas, Mexico
(Fig. 1), from a single-day estimate of 10000 to
40000 females in 1947 (Carr 1963, Hildebrand 1963)
to <300 throughout 1985 (USFWS & NMFS 1992,
Maérquez et al. 2005). Exponential increases in nest-
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ing of 12 to 19% yr! have since been recorded,
likely due in large part to the protection of nesting
females and eggs and integration of turtle excluder
devices (TEDs) into the US and Mexican shrimp
fisheries (Lewison et al. 2003, Heppell et al. 2007).
This trend at Rancho Nuevo is complemented by
the commencement and growth of Kemp's ridley
nesting on the Texas (USA) coast, with a record of
197 nests documented in 2009 (Shaver 2010). Lim-
ited nesting has also been documented along Gulf
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up the Atlantic coast by the Gulf
100 Stream (Musick & Limpus 1997, Put-
B km man et al. 2010). Post-hatchlings
TEXAS have been observed in floating mats
of vegetation (Sargassum spp.),
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where they are assumed to spend
much of their time foraging on small
crustaceans and molluscs (Bjorndal
1997). The post-hatchling stage ex-
tends to approximately age 2
(<20 cm straight carapace length,
SCL) and is followed by a benthic
immature stage that lasts an average
of 10 yr (20 to 60 cm SCL; Snover et
al. 2007). Benthic-stage immature

Kemp's ridleys occur in shallow,
nearshore habitats of the northwest-

Rancho Nuevo ®

ap

ern Atlantic and Gulf of Mexico (re-

viewed by Ogren 1989 and Musick
& Limpus 1997), where they feed
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Fig. 1. Western Gulf of Mexico showing the location of Rancho Nuevo, Tamau-

lipas, Mexico; Padre Island National Seashore (PINS), North Padre Island,

Texas; and Galveston Island, Texas, USA, as well as selected bays and passes:

Matagorda Bay (MB), Galveston Bay (GB), Sabine Pass (SP), Calcasieu Pass

(CP), Vermilion Bay (VB), and Timbalier Bay (TB). The solid black line marks the

offshore extent of Texas and Louisiana state waters; the dashed black line marks
the offshore extent of US territorial waters (Exclusive Economic Zone)

and Atlantic beaches of other southeastern US
states (Shaver 2005).

Although beach monitoring is crucial to estimating
nesting population size and activity, in-water data
are essential for evaluating management strategies
and understanding population dynamics (National
Research Council 2010). The present Kemp's Ridley
Recovery Plan (First Revision, USFWS & NMFS 1992)
identifies the ‘seasonal use of nearshore habitat
by juveniles/subadults’ and determining ‘migratory
paths and foraging areas' as necessary components
of a strategy to achieve the species’ recovery, but
such data are currently sparse. A recent 5 yr review
of the species’ status (NMFS & USFWS 2007) and the
draft Second Revision of the Kemp's Ridley Recovery
Plan (NMFS, USFWS & Secretaria de Medio Am-
biente y Recursos Naturales [Mexico], available at
www.fws.gov/kempsridley/pdfs/DraftKRRP.pdf) also
highlight these gaps in information.

Most hatchling Kemp's ridleys are likely retained
in the Gulf of Mexico, but a small percentage may
be entrained in the Florida Current and transported

primarily on crabs, other benthic in-
vertebrates, and occasionally fishery
bycatch (Shaver 1991, Burke et al.
1994, Frick & Mason 1998, Seney &
Musick 2005, Witzell & Schmid
2005). Age at maturity (>60 cm SCL)
is estimated at 10 to 17 yr, with a
mean of 12 yr (Snover et al. 2007).
Adult Kemp's ridleys occur primarily
along the Gulf of Mexico's continen-
tal shelf (Morreale et al. 2007), and
they feed predominantly on crabs (Shaver 1991,
Frick & Mason 1998).

The northwestern Gulf of Mexico (Fig. 1) is consid-
ered developmental habitat for the Kemp's ridley
(Landry & Costa 1999, Landry et al. 2005, Renaud &
Williams 2005), whereas nesting females from Mex-
ico and Texas utilize these waters seasonally (Re-
naud et al. 1996, Shaver & Rubio 2008, TEWG 2000).
Further characterization of the Kemp's ridley's use of
the northwestern Gulf is crucial to the species’ man-
agement, particularly because predictive models sug-
gest that reducing mortality of immature individuals
is essential to continued recovery (TEWG 2000, Hep-
pell et al. 2007); likewise, increased use of the Texas
coast as nesting habitat warrants examination of the
movements of adult females. As such, the following
research objectives were identified: (1) to character-
ize movements of benthic-stage immature and adult
female Kemp's ridleys in the northwestern Gulf of
Mexico; and (2) to identify Kemp's ridley migration
patterns and foraging grounds in the northwestern
Gulf of Mexico.
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MATERIALS AND METHODS
Satellite telemetry

Benthic-stage Kemp's ridleys (n = 22), including
recreational hook-and-line captures, nesting females,
dredge relocation trawl captures (see NMFS 2003),
and rehabilitated strandings, were satellite-tracked
in the northwestern Gulf of Mexico during 2004
through 2007. Hooked and stranded individuals re-
ceived appropriate treatment at the Houston Zoo
(Houston, Texas, USA) and NOAA Fisheries Sea Tur-
tle Facility (NOAA STF, Galveston, Texas), and each
was cleared by a Houston Zoo veterinarian prior to
transmitter application. Data from 6 nesting females
tracked in 2005 and 2006 have been examined previ-
ously within the context of nesting and inter-nesting
habitat, general migration patterns, and implications
for natural resource management on the upper Texas
coast (Seney & Landry 2008). In the present study, we
combine these data with those from an additional
adult female, compare the adult females’ movements
to those of immature Kemp's ridleys, and include
new information from spatial analyses.

All ridleys were fitted with back-pack style plat-
form terminal transmitters (PTTs), including 1 Wild-
life Computers SPOT4, 2 Telonics ST-10s, 2 Telonics
ST-20s, 15 Sirtrack KiwiSat 202s, and 2 Sirtrack
KiwiSat 101s. In all cases, the transmitter weighed
less than 3% of the turtle's weight in air and was
attached along the turtle's first and second vertebral
scutes. PTTs were attached to 5 immature and 3 adult
female ridleys during 2004 to 2005 using Power-
Fast®+ 2-part marine epoxy (Seney & Landry 2008,
Mansfield et al. 2009). A spray-on antifouling paint
(Tempo® Marine) was applied to non-metal surfaces
of the last 3 transmitters deployed on juveniles in
2005. This method was modified in 2006 (n = 3 imma-
ture and 4 adult females) to include a layer of Sonic-
Weld® steel-reinforced epoxy putty over the Power-
Fast®+ epoxy (Seney & Landry 2008, Mansfield et
al. 2009). All units used in 2006 were sprayed with
antifouling paint prior to attachment, and 2 coats
of brush-on ablative antifouling paint (Interlux
Micron® Extra) were applied to the epoxy, putty, and
non-metal surfaces of the PTTs after attachment. In
2007, units were covered with Alumi-Koat® clear
spray-on antifouling paint prior to attachment, and
an experimental method incorporating 3.0 mm thick
neoprene to accommodate growth of smaller turtles
(Seney et al. 2010) was utilized for all attachments
(n = 7 immature). Power-Fast®+ was used to adhere
neoprene to each turtle's carapace and the PTT to the

neoprene, followed by application of brush-on anti-
fouling paint as in 2006.

A total of 14 immature ridleys (12 recreational hook-
and-line captures, 1 fishing gear entanglement, and 1
relocation trawl capture) were released from the east
end of McFaddin National Wildlife Refuge (NWR) near
Sabine Pass, Texas, whereas each nesting female was
released in close proximity to her nest site on Galve-
ston Island (n = 5) or in Surfside, Texas (southwest of
Galveston Island, n = 1). A trawl-caught adult female
was released from the Bolivar Peninsula, Texas, north-
east of Galveston Island, and a rehabilitated stranding
from Galveston Bay was released on the Gulf side of
Galveston Island (Fig. 1). Hook-and-line-caught and
entangled ridleys were released according to NOAA
STF protocols, which sought to minimize further hook-
and-line interactions (e.g. recapture), and similar pro-
tocols were followed for the 2 relocation-trawl-caught
individuals. The trawl-caught adult female was not
released off McFaddin NWR due to the presence of
nearshore shrimp trawlers on the day of her release.
All release sites and water temperatures were within
the known ranges of each life stage based upon histor-
ical stranding, hook-and-line capture, and monitoring
data. The 15 immature ridleys were designated I-01
throughI-15, and the 7 adult females were designated
F-01 through F-07 according to release date.

PTTs were programmed with a duty cycle of 6 h on:
18 h off (n = 17) or 6 h on:6 h off (n = 5) to conserve
battery life. Location messages received from satel-
lites were processed by CLS America's Argos System
and classified according to estimated accuracy and
the number of messages used in processing. Location
classes (LC) 3, 2, 1, and 0 were derived from at least
4 messages and had estimated accuracies of <150,
<350, <1000, and >1000 m, respectively (www.
clsamerica.com/argos-system/faq.html); however, ac-
tual error may be higher (Costa et al. 2010, Witt et al.
2010). LC A and B had no estimates of accuracy and
were calculated from 3 and 2 messages, respectively,
whereas LC Z ‘indicate[d] that the location process
failed' (www.clsamerica.com/argos-system/faq.html).
Studies examining Argos LC accuracy using Argos-
linked Global Positioning System (GPS) transmitters
indicate that LC A and B can provide useful informa-
tion after appropriate filtering (Hays et al. 2001,
Costa et al. 2010, Witt et al. 2010).

Data filtering and analysis

Location data were filtered using criteria similar to
those utilized previously for tracks from adult female



244 Mar Ecol Prog Ser 440: 241-254, 2011

olive ridleys Lepidochelys olivacea (Plotkin 1998)
and adult male (Shaver et al. 2005) and female
(Seney & Landry 2008, Shaver & Rubio 2008) Kemp's
ridleys. Seaturtle.org's Satellite Tracking and Analy-
sis Tool (STAT) (Coyne & Godley 2005) was em-
ployed to exclude locations that fell into any of the
following categories: (1) LC Z; (2) those requiring
straight-line swimming speeds >6 km h™!, and (3)
those at elevations >0.5 m (i.e. on land). The initial fil-
ter was modified to exclude points at elevations
>1.0 m for 2 tracks that entered coastal lakes (Sabine
Lake and Lake Calcasieu), but the filtering protocol
otherwise remained the same. Obviously erroneous
points (e.g. substantial deviations from otherwise lin-
ear or clustered movements) that remained after fil-
tering were removed manually, and the remaining
(accepted) locations were used to depict tracklines in
ESRI® ArcMap™ 9.x.

Mean daily locations for each turtle were
generated from accepted locations in ArcMap™ 9.x
to minimize autocorrelation in spatial analyses
(adapted from James et al. 2005). Immature ridley
tracks and inter-nesting and post-nesting, post-mi-
gratory (foraging) portions of female tracks suitable
for site fidelity and home range analysis (i.e. those of
a sufficiently non-directional nature) were then se-
lected using Rayleigh's uniformity test (Akesson &
Backman 1999, Mansfield et al. 2009). The Animal
Movements Extension (AME) (Hooge & Eichenlaub
2000) was used to calculate Rayleigh's Z, and move-
ment was considered ‘directional’ at an arbitrary
threshold of p < 0.05 (cf. Akesson & Backman 1999).

Site fidelity and home range analysis was con-
ducted for non-directional immature ridley tracks
>14 d in duration, as well as the inter-nesting and for-
aging segments of female tracks, using daily mean
locations. Site fidelity was examined with AME using
Monte Carlo Random Walk (MCRW) simulations of
1000 replicates per track or track segment (Hooge &
Eichenlaub 2000, Mansfield et al. 2009, McGrath &
Austin 2009). MCRW simulations were restricted
such that they could not go onto land or leave the
Gulf of Mexico. Significance was based on o = 0.05,
and tracks and segments with movements more spa-
tially constrained than the MCRW simulations were
considered to exhibit site fidelity (Hooge & Eichen-
laub 2000, Mansfield et al. 2009, McGrath & Austin
2009).

The Home Range Tools for ArcGIS™ extension
(Rodgers et al. 2005) was employed to conduct kernel
density estimation (KDE) analyses using a fixed ker-
nel estimator with the band width chosen via least
squares cross-validation (Seaman & Powell 1996,

Powell 2000, Borger et al. 2006). The ‘core area of ac-
tivity' for each non-directional immature ridley track
and female track segment was defined by the 50%
probability KDE contour (Hooge et al. 1999, Borger et
al. 2006). KDE outputs were clipped in ArcMap™ 9.x
to exclude land and facilitate calculation of in-water
area (km?). Relationships among in-water core areas,
tracking duration, and life history stage were exam-
ined using analysis of covariance (ANCOVA). Addi-
tional KDE analyses were conducted on all mean
daily locations from each life stage (immature and
adult female) to generate density contours at 10 % in-
tervals from 50 to 90 % (Borger et al. 2006).

Water depth and sea surface temperature (SST) at
accepted locations were determined by STAT (Coyne
& Godley 2005) using data produced by NOAA's
National Geophysical Data Center (NGDC) and
NOAA's Advanced Very High Resolution Radiometer
(AVHRR) daily SST, respectively. SST values were
not available for all locations; however, AVHRR was
chosen in lieu of NOAA's Geostationary Operational
Environmental Satellite (GOES) system to allow for
maximum data coverage among all tracked ridleys.
Water depth and SST were compared between life
history stages with the non-parametric Mann-Whit-
ney test during seasons with sufficient data among
individuals. Average depth and SST values for spring
through early summer (April to June) and late sum-
mer through autumn (July to October) from tracks
>14 d were included in the analysis. Any average
seasonal depth or SST calculated from 5 or fewer val-
ues was excluded from the analysis.

RESULTS

A total of 15 immature Kemp's ridleys averaging
36.3 cm SCL (SD =4.7 cm) and 7 adult females averag-
ing 63.8 cm SCL (SD = 2.0 cm) were fitted with PTTs
and released off the upper Texas coast during 2004 to
2007 (Tables 1 & 2). These comprised 12 recreational
hook-and-line captures, 1 monofilament entangle-
ment, 1 rehabilitated stranding, 2 dredge relocation
trawl captures, and 6 nesting females (3 headstarted
and 3 'wild' nesting stock females; see Seney &
Landry 2008). Immature ridleys were tracked 11 to
106 d (X +1 SD = 46 + 24 d, Table 1) as compared to
20t0277d (Xx+1SD =108 + 88 d) for adult conspecifics
(Table 2). Tracks of 2 immature individuals (I-03 and I-
14) were <14 d in duration and thus were excluded
from spatial and statistical analyses.

A substantial increase in the number of high qual-
ity LCs and in message duration indicated I-03's PTT
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Table 1. Lepidochelys kempii. Tracking details for 15 immature Kemp's ridley sea turtles from the northwestern Gulf of Mexico, 2004

to 2007. SCL: straight carapace length (from notch to tip); Source —E: entanglement; HL: hook-and-line capture; RT: relocation trawl;

S: stranding. No. of accepted locations: locations remaining after filtering raw Argos data. KDE: kernel density estimation.
Constrained movements, i.e. site fidelity, as determined using Monte Carlo Random Walk simulation. na: not applicable

Turtle ID SCL Source Date of Track No. of No. of 50% KDE Constrained

(cm) deployment duration accepted avg. daily in-water area movements

(d) locations locations (km?) (o0 =0.05)

1-01 34.9 HL 21 Sep 2004 58 16 12 713 No
1-02 49.6 S 25 May 2005 44 37 27 na® na?
1-03 30.2 HL 25 Jul 2005 12 24 9 na® na®
1-04 36.2 HL 2 Aug 2005 32 35 24 1439 No
1-05 34.4 RT 6 Sep 2005 41 26 26 2650 No
1-06 33.9 HL 17 Apr 2006 20 34 15 1151 No
1-07 33.7 HL 25 Apr 2006 57 119 47 2048 No
1-08 34.0 E 31 Jul 2006 42 48 28 240 No
1-09 34.2 HL 23 Apr 2007 51 46 27 243 Yes
1-10 41.2 HL 23 Apr 2007 106 67 47 789 Yes
I-11 37.9 HL 1 May 2007 72 48 34 351 Yes
1-12 34.6 HL 15 May 2007 50 27 15 192 Yes
1-13 31.4 HL 12 Jul 2007 56 35 24 na® na®
I-14 38.3 HL 12 Jul 2007 11 5 5 na na®
I-15 39.8 HL 14 Aug 2007 35 24 18 294 Yes
“Analyses were not conducted for directional tracks (Rayleigh's Z, p < 0.05) or Pthose <14 d

Table 2. Lepidochelys kempii. Tracking details for 7 adult female Kemp's ridley sea turtles from the northwestern Gulf of Mexico,

2005 to 2006. SCL: straight carapace length (from notch to tip); Source —N: nesting female (W: wild stock; HS: headstart); RT: reloca-

tion trawl. No. of accepted locations: locations remaining after filtering raw Argos data. KDE: kernel density estimation. Constrained
movements, i.e. site fidelity, as determined using Monte Carlo Random Walk simulation. na: not applicable

Turtle ID SCL Source Date of Track segment Track/ No. of No. of 50% KDE  Constrained
(cm) deployment segment accepted avg. daily in-water area movements
duration (d) locations locations (km?)? (oo =10.05)°
F-01 65.8 N(HS) 17 May 2005 Inter-nesting (whole track) 44 27 21 1340 No
F-02 62.5 N(W) 29 May 2005 Inter-nesting (whole track) 20 8 7 1929 No
F-03 63.0 N(HS) 31 May 2005 Whole track 50 93 39 na na
Inter-nesting 31 47 22 794 No
Post-nesting season migration 8 17 5 na na
Foraging 11 29 10 2434 Yes
F-04 67.2 N(W) 28 Apr 2006 Whole track 148 170 91 na na
Inter-nesting 46 99 40 368 No
Post-nesting season migration 17 19 10 na na
Foraging 83 52 39 1978 Yes
F-05 61.5 N(HS) 7 May 2006 Whole track 87 197 78 na na
Inter-nesting 39 72 35 425 Yes
Post-nesting season migration 22 31 16 na na
Foraging 26 94 25 600 Yes
F-06 63.8 N(W) 27 May 2006 Whole track 132 190 112 na na
Post-nesting season migration 30 31 22 na na
Foraging 101 159 89 319 Yes
F-07 62.8 RT 16 Aug 2006 Whole track 277 202 160 na na
Nearshore movements 14 14 11 220 No
Post-release migration 37 22 19 na na
Foraging 224 166 128 1616 Yes
“Analyses were not conducted for whole tracks or migration segments
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was at the water surface for at least 2 d at the end of
the tracking period, and mortality was the probable
cause of transmission cessation (Hays et al. 2003).
One post-nesting female (F-02) stranded dead 20 d
after release (see Seney & Landry 2008), whereas the
survival of 2 females tracked after nesting in 2006
was confirmed when they nested again on Galveston
Island in 2009 (F-04) and in both 2008 and 2010
(F-05). LC and transmission data gave no indication
that any of the other 18 ridleys were dead or debili-
tated at the time transmissions ceased, nor have any
been reported as recaptures or strandings.

Movements of satellite-tracked ridleys were re-
stricted to the continental shelf from Matagorda Bay,
Texas, east to waters offshore of Timbalier Bay, Louis-
iana (Fig. 2). Coastal waters of the northwestern Gulf
were utilized by immature ridleys as foraging areas
in all years, with movements concentrated near tidal
passes and fishing piers in 2004 to 2006 and near
tidal passes and within bay systems in 2007. Two im-
mature ridleys tracked during 2006 entered deeper
waters and remained near the 20 m (I-08) and 30 to
40 m (I-07) isobaths for extended periods during Sep-
tember and May to June, respectively. Females
tracked during their inter-nesting intervals remained
in the Galveston region and, upon entering the post-
nesting stage, moved eastward along the continental
shelf (20 m isobath) to foraging areas offshore central
Louisiana.

Two immature ridleys displayed ‘directional’ move-
ment (Rayleigh's Z, p < 0.05) throughout their tracks,
and 5 exhibited spatially constrained movements
(site fidelity; tracks >14 d, Table 1). Directional move-
ments were displayed by the largest immature indi-
vidual (49.6 cm SCL, I-02, Fig. 2a), which stranded
emaciated and lethargic in October 2004; this individ-
ual was rehabilitated, fitted with a PTT, and ulti-
mately released in May 2005. The second directional
track belonged to a hook-and-line capture from 2007
(I-13, Fig. 2d). The 5 immature ridleys that displayed
track-long site fidelity were hook-and-line captures
tracked for 35 to 106 d (x +1 SD = 63 + 28 d) during
2007 (Table 1), with all of them entering bay systems
(Matagorda Bay, Galveston Bay, Sabine Lake, or
Lake Calcasieu; Fig. 2¢,d).

Five nesting females remained in the Galveston
area for 20to 46 d (x+1 SD =36 + 11 d) prior to migra-
tion (n =4) or stranding (n = 1, F-02), whereas 1 female
encountered later in the nesting season (27 May 2006)
left the region immediately after release (F-06). Of the
5 individuals tracked during the inter-nesting period,
only 1 nesting female (F-05) exhibited true site fidelity
(i.e. spatially constrained movement compared to

MCRW; Table 2); others exhibited non-constrained
movements, but remained offshore of the upper Texas
coast during their inter-nesting periods (see Seney &
Landry 2008). Five females (4 post-nesting and 1 relo-
cation trawl-caught) were tracked during migrations
of 8to37d (x+1 SD =23 + 11 d; nesting females only:
8to30d, x+1SD =19 +9d) from Texas to waters off-
shore of Louisiana (Fig. 2e,f). These same 5 females
were tracked for 11 to 224 d (x+1 SD =89 + 84 d) after
arrival at foraging grounds offshore of Louisiana,
where they exhibited site fidelity throughout the re-
mainder of their tracks (Table 2).

Fifty percent KDE contours (core activity areas)
were generated for the 11 immature ridleys with non-
directional tracks over 14 d, as well as for non-migra-
tory segments of each adult female's track. The in-
water areas within each contour ranged from 192 to
2650 km? (X +1 SD = 919 + 825 km? n = 11) for imma-
ture ridleys, 368 to 1929 km? (X £1 SD = 971 + 661 km?,
n = 5) during adult females' inter-nesting periods, and
319 to 2434 km? (X +1 SD = 1389 + 902 km?, n = 6) for
the post-migratory (foraging) portions of adult females’
tracks (Tables 1 & 2). ANCOVA indicated that life
history stage (fixed factor) had a significant effect on
size of core activity areas (immature vs. inter-nesting
female: F; 13 =3.790, p = 0.050; immature vs. foraging
female: F; 13 = 4.978, p = 0.025), whereas number of
days tracked (covariate) did not (immature vs. inter-
nesting female: F; 13 = 0.783, p = 0.392; immature vs.
foraging female: F; 15 = 0.107, p = 0.749). Paired com-
parisons were not conducted for inter-nesting and
post-migratory KDE areas because only 3 nesting
females’ tracks included both segments, but foraging
core areas were, on average, ca. 50% larger than
inter-nesting core areas.

Immature ridleys were recorded in waters as deep
as 60.1 m, but 69% of accepted locations were at
depths less than 5 m or above sea level in coastal
lakes or bays (X +1 SD = 9.0 = 139 m, n = 591
locations, Fig. 3a). Adult female ridleys occurred in
waters with an average depth of 14.2 m (SD = 9.6 m,
n = 887 locations) and displayed peaks in occurrence
nearshore at 0 to 5 m and offshore at 10 to 20 m
(Fig. 3b). AVHRR SST values (Fig. 4) for immature rid-
leys ranged from 21.0 to 32.6°C and averaged 28.1°C
(SD = 2.8°C, n = 404 locations), with similar values
recorded for adult females (17.1 to 32.6°C, x+1 SD =
27.6 £ 3.7°C, n = 769 locations). SST values were be-
tween 24 and 32°C for 91 % of immature and 82 % of
adult female locations, respectively. The Mann-Whit-
ney test indicated a significant difference between
immature and adult female ridleys with respect to
depth values during late summer through autumn
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Fig. 3. Lepidochelys kempii. Water depth distributions of (a)

15 immature ridleys (591 locations) and (b) 7 adult female

ridleys (887 locations). Depth values above sea level (ASL)
represent primarily coastal lakes or bays

(9 immature tracks vs. 5 adult tracks, p = 0.003), but
not for spring through early summer (7 immature vs. 7
adult, p = 0.064) or for SST (spring through early sum-
mer: 7 immature vs. 7 adult, p = 0.277; late summer
through autumn: 7 immature vs. 5 adult, p = 0.570).

KDE analyses combining daily average locations
for all immature ridleys (Fig. 5a) and adult females
(Fig. 5b) reinforced the aforementioned trend in
water depth between life history stages. Most high-
use areas for tracked immature ridleys occurred
within shallow Texas state waters (up to 9 nautical
miles [n miles; ~16.7 km| from shore) between Galve-
ston Island and Sabine Pass. Tracked females exhib-
ited 2 high-use areas: (1) Texas state waters along
Galveston Island during the nesting season; and (2)
deeper federal waters (US territorial waters outside
of the states’ jurisdictions) offshore of central and
eastern Louisiana (>3 n miles [~5.6 km]| from shore)
after migrating along the 20 m isobath.
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Fig. 4. Lepidochelys kempii. Advanced Very High Resolu-
tion Radiometer (AVHRR) sea surface temperature (SST) dis-
tributions for (a) 15 immature ridleys (404 locations) and (b)
7 adult female ridleys (769 locations). Sea surface tempera-
ture (SST) data were not available for all accepted locations

DISCUSSION
Immature ridleys

Tidal passes, bays, and coastal lakes within Texas
and Louisiana state waters served as foraging areas
for immature Kemp's ridleys in the northwestern
Gulf of Mexico during 2004 to 2007 (Figs. 2a—d & 5a).
Four out of 7 individuals tracked in 2007 entered and
exhibited fidelity to 4 different bay systems, whereas
2 out of 3 ridleys tracked in 2006 moved offshore (20
to 40 m depth) for extended periods. These results
contrast with those for immature ridleys tracked dur-
ing 2004 to 2006 and in prior studies (Renaud &
Williams 2005) that favored tidal passes of the north-
western Gulf of Mexico. This disparity suggests that
the preferred habitat (e.g. passes, bays, or offshore)
of immature ridleys may differ among years. Varia-
tion in habitat use among similar-sized individuals
has also been observed for immature loggerhead sea
turtles Caretta caretta tracked from North Carolina
(McClellan & Read 2007) and Virginia, USA (Mans-
field et al. 2009). These loggerheads were observed
to have 2 distinct migratory patterns: (1) nearshore,
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Fig. 5. Lepidochelys kempii. Use of the northwestern Gulf of
Mexico, as estimated with kernel density estimation (KDE)
by (a) 15 immature ridleys (358 average daily locations) and
(b) 7 adult female ridleys (508 average daily locations). MB:
Matagorda Bay; GB: Galveston Bay; SL: Sabine Lake; SP:
Sabine Pass; LC: Lake Calcasieu; CP: Calcasieu Pass; VB:
Vermilion Bay; TB: Timbalier Bay. The solid red lines mark
the offshore extent of Texas and Louisiana state waters. The
gray dashed lines depict the 20 m through 100 m isobaths, in
20 m increments

with individuals overwintering between North Car-
olina and Florida, USA; and (2) prolonged oceanic
movements, with no apparent seasonality or relation-
ship to SCL.

Although movements of immature ridleys varied
in direction and destination, all traversed shallow
nearshore areas, remaining primarily in waters less
than 5 m deep during most or all of the tracking
period. Water depth and SST ranges inhabited by im-
mature ridleys in the present study were also similar
to those recorded for 5 slightly larger individuals

(38.6 to 51.1 cm SCL) tracked in the Cedar Keys on
the Gulf coast of Florida (Schmid & Witzell 2006).
Both groups preferred shallow nearshore areas, and
SST values recorded for the Florida conspecifics dur-
ing May (21 to 28°C) and June to August (26 to 31°C)
mirrored values in this study. In contrast, the Florida
ridleys occupied foraging areas (100 % minimum con-
vex polygon: 3.8 to 48.0 km?) an order of magnitude
smaller than the 50% KDE estimates for immature
ridleys from Texas (Table 1).

A preference for nearshore habitats was also
reported by Renaud & Williams (2005), who found
that 57 out of 78 juvenile ridleys (<50 cm SCL) satel-
lite- and/or radio-tracked during 1988 to 1996
remained in shallow northwestern Gulf waters dur-
ing June through September. Daily locations of 60
‘habitat faithful' juvenile ridleys (Renaud & Williams
2005) were often concentrated outside of Sabine and
Calcasieu Passes on the lee side of jetties, but these
turtles were both captured and released in these
areas. The remaining 18 juveniles tracked by Renaud
& Williams (2005) departed from their release sites,
typically moving from Sabine Pass to Calcasieu Pass
and vice versa or between Calcasieu Pass and Mer-
mentau Pass, Louisiana. Three loggerhead sea tur-
tles (56 to 93 cm SCL) tracked in the northwestern
Gulf of Mexico during 1988 to 1991 (Renaud & Car-
penter 1994) exhibited similar ‘habitat faithfulness’,
maintaining relatively small core areas; however,
these loggerheads remained further offshore and in
deeper waters (average depth of 13 to 16 m) than did
immature ridleys.

Movements of immature relocated Kemp's ridleys
contrasted not only with site fidelity previously ob-
served in the northwestern Gulf (Renaud & Williams
2005), but also with fidelity of immature conspecifics
to Florida Panhandle fishing piers (Rudloe & Rudloe
20095), loggerheads to northwestern Gulf petroleum
structures (Renaud & Carpenter 1994), and seasonal
and inter-annual fidelity exhibited by immature rid-
leys to Florida's Cedar Keys (Schmid & Witzell 2006).
Only one of the 15 immature ridleys in the present
study, a 2004 hook-and-line capture (I-01), returned
to the vicinity of its capture location (Gilchrist, Texas)
during the tracking period, whereas the 2005 reloca-
tion trawl capture (I-05) approached its capture loca-
tion (Calcasieu Pass, approximately 110 km straight-
line distance from release) near the end of its 41 d
track (Fig. 2a). This apparently low rate of return to
piers contrasted with recapture rates documented for
ridleys caught by anglers at piers, commercial shrimp
trawls, or other fishing gear along the Florida Pan-
handle: 9 out of 38 ridleys released at the point of cap-
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ture were recaptured at or near this site, and 3 out of
19 relocated 1 to 32 km were recaptured near their
initial capture site (Rudloe & Rudloe 2005). These re-
sults suggest that relocation of hook-and-line-caught
Kemp's ridleys to McFaddin NWR may be a viable
option for reducing recapture rates at Galveston
County, Texas, fishing piers.

Despite differences between movement patterns of
immature ridleys tracked in the present study and
those tracked previously in the northwestern Gulf
of Mexico (Renaud & Williams 2005) and Florida
(Schmid & Witzell 2006), the habitat characteristics of
some seasonal foraging sites are likely similar, al-
though specific prey items and abundances may vary.
For example, Texas and Louisiana bays, in providing
protection from adverse sea conditions, better visibil-
ity for foraging, and access to abundant populations
of blue crabs Callinectes sapidus and other benthic
prey (More 1969, Britton & Morton 1989, Metz 2004,
Minello et al. 2008), may offer immature ridleys the
same foraging advantages as does the lee side of
tidal passes. Nearshore Gulf waters, through which
all immature ridleys tracked in 2004 to 2007 moved
and some established short-term residency, also pro-
vide foraging opportunities. Such areas are often
characterized by abundant blue crab assemblages
(Metz 2004) as well as bycatch discarded by shrimp-
ing vessels (Caillouet et al. 1996). Baited recreational
fishing hooks and associated discard of bait and/or
fish from piers, beaches, jetties, and groins also serve
as a food source for ridleys (Seney 2008). Addition-
ally, state-mandated removal of abandoned crab
traps (Texas Parks and Wildlife Code, Section 78.115)
and recent reductions in the Texas shrimping effort
(Caillouet et al. 2008) have likely reduced mortality
of blue crabs and other benthic organisms, and, in
turn, rendered Texas coastal waters and bays more
attractive to foraging ridleys.

Adult females

Adult females inhabited nearshore waters along
Galveston Island during the nesting season and then
utilized the 20 m isobath as a migratory path to forag-
ing grounds offshore of Louisiana (Figs. 2e,f & 5b), a
pattern similar to that of many post-nesting ridleys
tracked along the continental shelf from Padre Island
National Seashore (PINS) (Fig. 1) to foraging areas
ranging from Sabine Pass to the Florida Keys during
1997 to 2006 (Shaver & Rubio 2008). The single mi-
gration pattern observed for 5 upper Texas coast fe-
males contrasts with migratory patterns documented

for olive ridleys and loggerheads, which, like Kemp's
ridleys, feed primarily on invertebrates. Movements
of 20 post-reproductive female and 7 male olive rid-
leys tracked in the eastern tropical Pacific Ocean
were widely distributed and nomadic, with all but
one individual displaying no fidelity to specific feed-
ing habitats (Plotkin 2010); in contrast, North Atlantic
and Pacific loggerheads exhibit intra-population vari-
ation in migratory patterns. Smaller female logger-
heads nesting on Cape Verde, West Africa (Hawkes
et al. 2006), and in Japan (Hatase et al. 2002) forage
oceanically, with larger conspecifics from the same
nesting populations foraging in coastal waters (neri-
tically). Female loggerheads tracked from North
Carolina exhibit 2 distinct post-nesting migration pat-
terns: (1) northward movement to summer foraging
grounds followed by a southward autumn migration:
or (2) southward coastal migration immediately fol-
lowing the nesting season (Hawkes et al. 200%7).
Loggerheads from Sarasota, Florida, displayed 5 dis-
tinct patterns during 2005 to 2007: movement locally
or migration to the southwestern Florida shelf, north-
east Gulf of Mexico, southern Gulf of Mexico, or
Bahamas (Girard et al. 2009). The neritically foraging
Cape Verde loggerheads and the Sarasota con-
specifics reached their post-nesting foraging grounds
in35t050d (n=2)and 3to68d (n=28), respectively,
as compared to 8 to 30 d for 4 post-nesting ridleys in
the present study. Additionally, inter-nesting and for-
aging core areas (50% KDE) utilized by female
Kemp's ridleys (Table 2) were larger than total forag-
ing areas calculated for loggerheads in the North At-
lantic. Neritically foraging West African female log-
gerheads established total foraging areas of 112 to
421 km? (Hawkes et al. 2006), while post-nesting con-
specifics from North Carolina established summer
and winter foraging areas of 34 to 207 km? and 18 to
95 km?, respectively (Hawkes et al. 2007). Female
Kemp's ridleys also established larger core areas
than those calculated for neritic (3 to 11 km?) and
oceanic (20 to 210 km?) track segments of adult male
loggerheads from Greece (Schofield et al. 2010), al-
though some differences may be attributable to
differences in analysis methods.

Life history stage comparisons

Statistical analysis indicated that the large core
areas of activity displayed by inter-nesting and forag-
ing adult female Kemp's ridleys (Table 2), as com-
pared to those of immature individuals tracked dur-
ing 2004 to 2007 (Table 1), were not a function of the
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adults’ longer track durations. Similarly, the inter-
nesting and foraging core areas of adult females in
the present study were an order of magnitude larger
than those of 7 male Kemp's ridleys tracked from
Rancho Nuevo, Mexico, during 1999 to 2000 (50 %
KDE: 19 to 184 km?, x +1 SD = 95 + 57 km?; Shaver et
al. 2005). These differences suggest that adult female
Kemp's ridleys may need to move more frequently,
and into deeper waters, to find sufficient prey and/or
appropriate environmental conditions offshore of
Louisiana; however, longer track durations for imma-
ture individuals and increased efforts to track adult
males are required to better compare movement pat-
terns between life stages. The slightly larger range of
SST values encountered by adult female ridleys (17.1
to 32.6°C), as compared to that for immature individ-
uals tracked in this study (21.0 to 32.6°C), was due in
large part to temporal distribution of tracking, and
SST values did not differ significantly between the 2
life history classes during periods of overlapping data
(spring to autumn).

Track durations

The track durations recorded in this study, particu-
larly those of immature ridleys, were shorter than
those typically recorded by other projects deploying
Argos-linked satellite transmitters on sea turtles. The
shortest nesting female track (20 d) was associated
with a known mortality event, and a 12 d track re-
corded for an immature individual was likely due to
the turtle's death. Other potential causes of prema-
ture transmission cessation relative to expected bat-
tery life include antenna damage, biofouling of salt-
water switches, poor adhesion of transmitter, and
shedding of transmitter due to high growth rate (dis-
cussed further in Seney et al. 2010). High levels of
epibiont and algal growth and/or high immature tur-
tle growth rates promoted by the northwestern Gulf
of Mexico's elevated spring and summer water tem-
peratures (often >30°C) were suspected factors in the
reduced track durations in 2004 and 2005, prompting
use of antifouling paint, more thorough attachment
site preparation (sanding), and a less rigid attach-
ment technique in later deployments.

Management considerations
Texas and Louisiana state waters and nearby US

federal waters of the northwestern Gulf clearly serve
as developmental, migratory, inter-nesting, and post-

nesting habitat for the Critically Endangered Kemp's
ridley; however, shrimping regulations currently af-
ford sea turtles more protection along the lower half
of the Texas coast (US—Mexico border to Corpus
Christi) than that on the upper coast (Corpus Christi
to Texas-Louisiana state line) or along the Louisiana
coast (TPWD 2010, LDWF 2011). Gulf of Mexico
waters offshore of the entire Texas coast (state waters
and US exclusive economic zone [EEZ], Fig. 1) are
annually closed to shrimping during the ‘Texas clo-
sure' that typically extends from 15 May through
15 July. Additionally, Gulf waters within 5 n miles
(~9.3 km) of the lower half of the Texas coast have
been closed to shrimping during 1 December to
15 May annually since December 2000 (Shaver 2005).
This regulation, along with mandated use of TEDs in
shrimp trawls, has helped reduce the mortality of
adult ridleys between Corpus Christi and Mexico
and likely contributed to increased nesting along the
lower half of the Texas coast (Lewison et al. 2003,
Shaver & Rubio 2008). Many Texas bays, including
portions of Galveston and Matagorda Bays, are typi-
cally open to shrimping during the May to July Texas
closure (TPWD 2010), as are inshore and Gulf waters
off Louisiana (LDWF 2011). Louisiana shrimp seasons
are set by the Louisiana Wildlife and Fisheries Com-
mission based upon shrimp population data. Gulf
waters offshore of Louisiana are typically open to
shrimping year-round except for closed seasons in
some areas, which usually begin in mid- to late
December and extend into April or May (LDWF
2011). Shrimp trawlers without a power trawl re-
trieval system, vessels retaining shrimp as live bait,
and those hauling several specific net types are
exempted from US TED requirements, but these ves-
sels are subject to tow-time restrictions (US Code of
Federal Regulations, Title 50, Part 223.206).

CONCLUSIONS

Immature Kemp's ridleys that recruit to coastal
waters of the northwestern Gulf of Mexico during
early spring also occupy these habitats during the
summer and autumn, whereas adult females utilize
these waters for nesting, foraging, and migrating dur-
ing spring and summer. Favorable water tempera-
tures and abundant food, presumably in the form of
blue crabs, other invertebrates, bycatch, and bait,
render shallow nearshore waters ideal habitats for
foraging ridleys. During 2004 to 2007, ridley move-
ments were documented primarily along the upper
Texas—southwestern Louisiana coast, with individu-
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als' activity scattered among nearshore Gulf waters,
tidal passes, bays, and coastal lakes. Migratory be-
havior of immature and inter-nesting individuals was
largely confined to a narrow, nearshore area in Texas
and western Louisiana state waters, whereas post-
nesting females migrated across deeper, US federal
waters on the Texas—Louisiana continental shelf.

Projected population growth (Lewison et al. 2003,
Heppell et al. 2007) will likely lead to increased use
of the northwestern Gulf by Kemp's ridleys and, in
turn, more frequent encounters with human activities
such as commercial and recreational fishing, channel
dredging, and oil and natural gas operations. The
extent of these interactions and need for mitigation
measures such as regulations affording increased
protection for Kemp's ridleys in coastal waters should
be examined by natural resource managers to facili-
tate the continued recovery of this and other sea
turtle species in the Gulf of Mexico. Likewise, the
Kemp's ridley's dependence on the northwestern
Gulf of Mexico for seasonal foraging and migratory
habitat should be considered when revising the
Kemp's Ridley Recovery Plan, and research efforts
should continue in the region to better determine in-
water seasonal distributions, abundances, population
dynamics, and mortality risks. Future research efforts
can aid managers by reducing data gaps for the spe-
cies, particularly with respect to in-water temporal
and spatial distributions of the less-studied pelagic
and benthic-stage immature life history stages, as
well as adult males.

Acknowledgements. The NOAA Fisheries Sea Turtle Facil-
ity enabled access to hook-and-line captures, strandings,
and nesting females and served as a holding facility for all
tracked ridleys. Many NOAA staff participated in day-to-
day turtle husbandry, and S. Kethan and B. Higgins are
especially acknowledged for assistance throughout the
study. J. Flanagan, D.V.M. of the Houston Zoo provided vet-
erinary care and oversaw turtle rehabilitation. Tracking of 2
relocation trawl-caught ridleys was facilitated by the New
Orleans and Galveston Districts of the US Army Corps of
Engineers and Coastwise Consulting. Funding sources
included: Schlumberger Excellence in Educational Develop-
ment (SEED) Program, Schlumberger-Houston, SeaWorld
Busch Gardens Conservation Fund, TAMUG Marine Biol-
ogy Department, Texas General Land Office, Texas Institute
of Oceanography, and donations via Help Endangered Ani-
mals-Ridley Turtles (HEART) and Seaturtle.org. In-kind sup-
port was provided by NOAA Fisheries Galveston. E.E.S. was
supported by a TAMU Tom Slick Senior Graduate Research
Fellowship during portions of analysis and writing. Research
was conducted in accordance with national, state, and insti-
tutional guidelines under USFWS Permit TE676379-4,
NOAA Fisheries Permit 1526, TPWD Scientific Permit SPR-
0390-038, LDWF Scientific Collecting Permit LNHP-05-032,
the ‘Strandings Rule' (70 Federal Register 42508, July 25,

O

2005), and Texas A&M University Animal Use Protocol 2005-
125. K. Mansfield provided valuable comments on an earlier
draft and facilitated spatial analyses. The manuscript also
benefitted from constructive comments provided by 4
anonymous reviewers.

LITERATURE CITED

Akesson S, Backman J (1999) Orientation in pied flycatch-
ers: the relative importance of magnetic and visual
information at dusk. Anim Behav 57:819-828

Bjorndal KA (1997) Foraging ecology and nutrition of sea
turtles. In: Lutz PL, Musick JA (eds) The biology of sea
turtles. CRC Press, Boca Raton, FL, p 199-231

Borger L, Franconi N, De Michele G, Gantz A and others
(2006) Effects of sampling regime on the mean and vari-
ance of home range size estimates. J Anim Ecol 75:
1393-1405

Britton JC, Morton B (1989) Shore ecology of the Gulf of
Mexico. University of Texas Press, Austin, TX

Burke VJ, Morreale SJ, Standora EA (1994) Diet of the
Kemp's ridley sea turtle, Lepidochelys kempii, in New
York waters. Fish Bull 92:26-32

Caillouet CW Jr, Shaver DG, Teas WG, Nance JM, Revera
DB, Cannon AC (1996) Relationship between sea turtle
stranding rates and shrimp fishing intensities in the
northwestern Gulf of Mexico: 1986-1989 versus 1990—
1993. Fish Bull 94:237-249

Caillouet CW Jr, Hart RA, Nance JM (2008) Growth over-
fishing in the brown shrimp fishery of Texas, Louisiana,
and adjoining Gulf of Mexico EEZ. Fish Res 92:289-302

Carr AF (1963) Panspecific reproductive convergence in
Lepidochelys kempi. Ergeb Biol 26:298-303

Costa DP, Robinson PW, Arnould JPY, Harrison A and others
(2010) Accuracy of ARGOS locations of pinnipeds at-sea
estimated using Fastloc GPS. PLoS ONE 5:e8677

Coyne MS, Godley BJ (2005) Satellite Tracking and Analysis
Tool (STAT): an integrated system for archiving, analyz-
ing and mapping animal tracking data. Mar Ecol Prog
Ser 301:1-7

Frick MG, Mason PA (1998) Lepidochelys kempi (Kemp's
ridley sea turtle) diet. Herpetol Rev 29:166-168

Girard C, Tucker AD, Calmettes B (2009) Post-nesting
migrations of loggerhead sea turtles in the Gulf of Mex-
ico: dispersal in highly dynamic conditions. Mar Biol 156:
1827-1839

Hatase H, Takai N, Matsuzawa Y, Sakamoto W and others
(2002) Size-related differences in feeding habitat use of
adult female loggerhead turtles Caretta caretta around
Japan determined by stable isotope analyses and satel-
lite telemetry. Mar Ecol Prog Ser 233:273-281

Hawkes LA, Broderick AC, Coyne MS, Godfrey MH and
others (2006) Phenotypically linked dichotomy in sea tur-
tle foraging requires multiple conservation approaches.
Curr Biol 16:990-995

Hawkes LA, Broderick AC, Coyne MS, Godfrey MH, Godley
BJ (2007) Only some like it hot— quantifying the envi-
ronmental niche of the loggerhead sea turtle. Divers
Distrib 13:447-457

Hays GC, Akesson S, Godley BJ, Luschi P, Santidrian P
(2001) The implications of location accuracy for the inter-
pretation of satellite-tracking data. Anim Behav 61:
1035-1040

Hays GC, Broderick AC, Godley BJ, Luschi P, Nichols WJ



Seney & Landry: Kemp's ridley movement patterns 253

(2003) Satellite telemetry suggests high levels of fishing-
induced mortality in marine turtles. Mar Ecol Prog Ser
262:305-309

Heppell SS, Burchfield PM, Pena LJ (2007) Kemp's ridley
recovery: how far have we come, and where are we
headed? In: Plotkin PT (ed) Biology and conservation of
ridley sea turtles. Johns Hopkins University Press, Balti-
more, MD, p 325-335

Hildebrand HH (1963) Hallazgo del area de anidacién de la
tortuga marina ‘'lora," Lepidochelys kempi (Garman), en
la costa occidental del Golfo de México. Ciencia 22:
105-112

Hooge PN, Eichenlaub B (2000) Animal movement extension
to ArcView. Ver. 2.0. Alaska Science Center — Biological
Science Office, U.S. Geological Survey, Anchorage, AK

Hooge PN, Eichenlaub WM, Solomon EK (1999) Using GIS
to analyze animal movements in the marine environ-
ment. US Geological Survey, Glacier Bay Field Station,
AK (available at www.absc.usgs.gov/glba/gistools/anim _
mov_useme.pdf)

IUCN (International Union for Conservation of Nature and
Natural Resources) (2009) IUCN Red List of Threatened
Species. Version 2009.1. International Union for the Con-
servation of Nature and Natural Resources, World Conser-
vation Union, Gland (available at www.iucnredlist.org)

[] James MC, Ottensmeyer A, Myers RA (2005) Identification

of high-use habitat and threats to leatherback sea turtles
in northern waters: new directions for conservation. Ecol
Lett 8:195-201

Landry AM, Costa D (1999) Status of sea turtle stocks in the
Gulf of Mexico with emphasis on the Kemp's ridley. In:
Kumpf, H, Steidinger K, Sherman K (eds) The Gulf of
Mexico large marine ecosystem: assessment, sustainabil-
ity, and management. Blackwell Science, Malden, MA,
p 248-268

Landry AM, Costa DT, Kenyon FL II, Coyne MS (2005) Pop-
ulation characteristics of Kemp's ridley sea turtles in
nearshore waters of the upper Texas and Louisiana
coasts. Chelonian Conserv Biol 4:801-807

LDWF (Louisiana Department of Wildlife and Fisheries)
(2011) Louisiana commercial fishing regulations: 2011.
Louisiana Department of Wildlife and Fisheries, Baton
Rouge, LA

Lewison RL, Crowder LB, Shaver DJ (2003) The impact of
turtle excluder devices and fisheries closures on logger-
head and Kemp's ridley strandings in the western Gulf of
Mexico. Conserv Biol 17:1089-1097

Mansfield KL, Saba VS, Keinath JA, Musick JA (2009) Satel-
lite tracking reveals a dichotomy in migration strategies
among juvenile loggerheads in the Northwest Atlantic.
Mar Biol 156:2555-2570

Marquez MR, Burchfield PM, Dias-F J, Sanchez PM and oth-
ers (2005) Status of the Kemp's ridley sea turtle, Lepido-
chelys kempii. Chelonian Conserv Biol 4:761-766

McClellan CM, Read AJ (2007) Complexity and variation in
loggerhead sea turtle life history. Biol Lett 3:592-594

McGrath P, Austin HA (2009) Site fidelity, home range, and
tidal movements of white perch during the summer in
two small tributaries of the York River, Virginia. Trans
Am Fish Soc 138:966-974

Metz T (2004) Factors influencing Kemp's ridley sea turtle
(Lepidochelys kempii) distribution in nearshore waters
and implications for management. PhD dissertation,
Texas A&M University, College Station, TX

Minello TJ, Matthews GA, Caldwell PA, Rozas LP (2008)

Population and production estimates for decapod crus-
taceans in wetlands of Galveston Bay, Texas. Trans Am
Fish Soc 137:129-146

More WR (1969) A contribution to the biology of the blue
crab (Callinectes sapidus Rathbun) in Texas, with a
description of the fishery. Texas Parks and Wildlife
Department Tech. Series No. 1

Morreale SJ, Plotkin PT, Shaver DJ, Kalb KJ (2007) Adult
migration and habitat utilization: ridley turtles in their
element. In: Plotkin PT (ed) Biology and conservation of
ridley sea turtles. Johns Hopkins University Press, Balti-
more, MD, p 213-229

Musick JA, Limpus CJ (1997) Habitat utilization and migra-
tion in juvenile sea turtles. In: Lutz PL, Musick JA (eds)
The biology of sea turtles. CRC Press, Boca Raton, FL,
p 137-163

National Research Council (2010) Assessment of sea-turtle
status and trends: integrating demography and abun-
dance. National Academies Press, Washington, DC

NMFS (National Marine Fisheries Service) (2003) Endan-
gered Species Act—Section 7, Consultation: biological
opinion. National Marine Fisheries Service, St. Peters-
burg, FL (available at http://el.erdc.usace.army.mil/tessp/
pdfs/2003GulfBO.pdf)

NMFS, USFWS (US Fish & Wildlife Service) (2007) Kemp's
ridley sea turtle (Lepidochelys kempii) 5-year review:
summary and evaluation. National Marine Fisheries Ser-
vice, Silver Spring, MD and US Fish & Wildlife Service,
Albuquerque, NM (available at www.nmfs.noaa.gov/pr/
pdfs/recovery/turtle_kempsridley.pdf)

Ogren LH (1989) Distribution of juvenile and subadult
Kemp's ridley sea turtles: preliminary results from the
1984-1987 surveys. In: Caillouet CW, Landry AM (eds)
Proc 1st Int Symp Kemp's Ridley Sea Turtle Biology, Con-
servation and Management. Texas A & M University Sea
Grant College Program, Galveston, TX, p 116-123

Plotkin PT (1998) Interaction between behavior of marine
organisms and the performance of satellite transmitters:
a marine turtle case study. Mar Technol Soc J 32:5-10

Plotkin PT (2010) Nomadic behaviour of the highly migra-
tory olive ridley sea turtle Lepidochelys olivacea in the
eastern tropical Pacific Ocean. Endang Species Res 13:
33-40

Powell RA (2000) Animal home ranges and territories and
home range estimators. In: Boitani L, Fuller TK (eds)
Research techniques in animal ecology: controversies
and consequences. Columbia University Press, New
York, NY, p 65-110

Putman NF, Shay TJ, Lohmann KJ (2010) Is the geographic
distribution of nesting in the Kemp's ridley turtle shaped
by the migratory needs of offspring? Integr Comp Biol 50:
305-314

Renaud ML, Carpenter JA (1994) Movements and submer-
gence patterns of loggerhead sea turtles (Caretta caretta)
in the Gulf of Mexico determined through satellite tele-
metry. Bull Mar Sci 55:1-15

Renaud ML, Williams JA (2005) Kemp's ridley sea turtle
movements and migrations. Chelonian Conserv Biol 4:
808-816

Renaud ML, Carpenter JA, Williams JA, Landry AM (1996)
Kemp's ridley sea turtle (Lepidochelys kempii) tracked
by satellite telemetry from Louisiana to nesting beach at
Rancho Nuevo, Tamaulipas, Mexico. Chelonian Conserv
Biol 2:108-109

Rodgers AR, Carr AP, Smith L, Kie JG (2005) HRT: Home



254 Mar Ecol Prog Ser 440: 241-254, 2011

Range Tools for ArcGIS. Ontario Ministry of Natural
Resources, Centre for Northern Forest Ecosystem
Research, Thunder Bay, ON

Rudloe A, Rudloe J (2005) Site specificity and the impact of
recreational fishing activity on subadult endangered
Kemp's ridley sea turtles in estuarine foraging habitats in
the northeastern Gulf of Mexico. Gulf Mex Sci 2005:
186-191

Schmid JR, Witzell WN (2006) Seasonal migrations of imma-
ture Kemp's ridley turtles (Lepidochelys kempii Garman)
along the west coast of Florida. Gulf Mex Sci 2006:28-40

Schofield G, Hobson VJ, Fossette S, Lilley MKS, Katselidis
KA, Hays GC (2010) Fidelity to foraging sites, consis-
tency of migration routes and habitat modulation of
home range by sea turtles. Divers Distrib 16:840-853

Seaman DE, Powell RA (1996) An evaluation of the accuracy
of kernel density estimators for home range analysis.
Ecology 77:2075-2085

Seney EE (2008) Population dynamics and movements of the
Kemp's ridley sea turtle, Lepidochelys kempii, in the
northwestern Gulf of Mexico. PhD dissertation, Texas
A&M University, College Station, TX

Seney EE, Landry AM (2008) Movements of Kemp's ridley
sea turtles nesting on the upper Texas coast: implications
for management. Endang Species Res 4:73-84

Seney EE, Musick JA (2005) Diet analysis of Kemp's ridley
sea turtles (Lepidochelys kempii) in Virginia. Chelonian
Conserv Biol 4:864-871

Seney EE, Higgins BM, Landry AM (2010) Satellite transmit-
ter attachment techniques for small juvenile sea turtles.
J Exp Mar Biol Ecol 384:61-67

Shaver DJ (1991) Feeding ecology of wild and head-started
Kemp's ridley sea turtles in South Texas waters. J Her-
petol 25:327-334

Shaver DJ (2005) Analysis of the Kemp's ridley imprinting
and headstart project at Padre Island National Seashore,
Texas, 1978-88, with subsequent nesting and stranding
records on the Texas coast. Chelonian Conserv Biol 4:

Editorial responsibility: Matthias Seaman,
Oldendort/Luhe, Germany

846-859

Shaver DJ (2010) Texas sea turtle nesting and stranding
2009 report. US Department of the Interior, National
Park Service, Corpus Christi, TX

Shaver DJ, Rubio C (2008) Post-nesting movements of wild
and head-started Kemp's ridley sea turtles Lepidochelys
kempii in the Gulf of Mexico. Endang Species Res 4:
43-55

Shaver DJ, Schroeder BA, Byles RA, Burchfield PM, Pena J,
Marquez R, Martinez HJ (2005) Movements and home
ranges of adult male Kemp's ridley sea turtles (Lepi-
dochelys kempii) in the Gulf of Mexico investigated by
satellite telemetry. Chelonian Conserv Biol 4:817-827

Snover ML, Hohn AA, Crowder LB, Heppell SS (2007) Age
and growth in Kemp's ridley sea turtles: evidence from
mark-recapture and skeletochronology. In: Plotkin PT
(ed) Biology and conservation of ridley sea turtles. Johns
Hopkins University Press, Baltimore, MD, p 89-105

TEWG (Turtle Expert Working Group) (2000) Assessment
update for the Kemp's ridley and loggerhead sea turtle
populations in the western north Atlantic. US Department
of Commerce, Miami, FL. NOAA Tech Mem NMFS-
SEFSC-444

TPWD (Texas Parks and Wildlife Department) (2010)
2010-2011 Texas commercial fishing guide. Texas Parks
and Wildlife Department, Austin, TX

USFWS & NMFS (US Fish & Wildlife Service & National
Marine Fisheries Service) (1992) Recovery plan for the
Kemp's ridley sea turtle (Lepidochelys kempii). US Fish
and Wildlife Service, National Marine Fisheries Service,
St. Petersburg, FL

Witt MJ, Akesson S, Broderick AC, Coyne MS and others
(2010) Assessing accuracy and utility of satellite-tracking
data using Argos-linked Fastloc-GPS. Anim Behav 80:
571-581

Witzell WN, Schmid JR (2005) Diet of immature Kemp's ridley
turtles (Lepidochelys kempi) from Gullivan Bay, Ten Thou-
sand Islands, Southwest Florida. Bull Mar Sci 77:191-199

Submitted: November 30, 2010; Accepted: September 1, 2011
Proofs received from author(s): October 23, 2011



	cite1: 
	cite2: 
	cite3: 
	cite4: 
	cite5: 
	cite6: 
	cite7: 
	cite8: 
	cite9: 
	cite10: 
	cite11: 
	cite12: 
	cite13: 
	cite14: 
	cite16: 
	cite17: 
	cite19: 
	cite20: 
	cite21: 
	cite22: 
	cite23: 
	cite24: 
	cite25: 
	cite26: 
	cite27: 
	cite28: 
	cite29: 
	cite30: 
	cite31: 
	cite32: 
	cite18: 


