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ABSTRACT

Annual sea turtle strandings in Virginia have increased 200%-300% since 1979.
Most of these strandings are juvenile loggerhead (Caretta caretta) and Kemp’s ridley
(Lepidochelys kempii) sea turtles. This increase may be partially due to a larger sea turtle
population or changes in mortality over time.

Sea turtles utilize the Chesapeake Bay as benthic foraging habitat. Aerial surveys
are commonly used to evaluate in-water turtle abundances. Bay turtles are directly visible
only when at the sea surface. A correction is applied to account for turtles diving or
foraging below the surface. Historic abundance estimates assumed that surfacing
behavior remained constant among seasons; only summer/fall observations were used to
correct for surfacing behavior. Using radio/acoustic telemetry, seasonal differences in sea
turtle respiratory behavior were determined among Kemp’s ridleys and loggerheads.
Mean time spent at surface in the spring ranged between 9.9%-30.0% with significant

" differences among individuals and species. Turtles with higher surfacing times were
tracked in deeper, cooler waters of the Bay mouth or Atlantic coastline. Observed
surfacing times were higher than historic summer/fall observations (Byles 1988; 5.3%),
indicating that historic springtime abundances were overestimated by 50%-80%. Aerial
surveys conducted from 2001-2004 indicated a 65%-75% decline in the Chesapeake Bay
sea turtle population since the 1980’s. Current sea turtle estimates, corrected for seasonal
surfacing behavior, and extrapolated for the entire Bay, range between 2,500 and 5,500
turtles compared to 6,500-9,000 turtles observed in the Lower Bay alone in the 1980’s.

Satellite telemetry was used to track long-term movements of adult and juvenile
turtles utilizing Virginia’s waters. Loggerheads and Kemp’s ridleys were found to exhibit
significant fidelity to Bay and coastal waters south to Cape Hatteras. Several individuals
established winter habitat south of Cape Hatteras, adjacent to the outer continental shelf
and Gulf Stream. Fall migrations commenced when surface temperatures dropped below
20°C. Some turtles migrated south to Georgia, Florida and the Gulf of Mexico. Two
turtles were transported by the Gulf Stream to the north Atlantic and the Grand Banks,
indicating some plasticity in habitat use.

The Virginia pound net fishery was considered a primary source of sea turtle
mortality in the 1980’s. Fisheries surveys (2000-2002) indicated a significant reduction in
fishery effort and the use of hazardous large mesh and string leaders. No subsurface
bycatch mortalities were observed during side scan sonar surveys conducted from 2001-
2002. Pound nets are no longer a significant source of sea turtle mortality in Virginia.
Pound net recaptures of live turtles (1979-2002) indicated strong philopatry to specific
foraging areas, including strong inter-annual site fidelity. Over 20% of individual
loggerheads tagged were recaptured in study nets over one to eleven seasons. Two of 48
tagged Kemp’s ridleys were recaptured. Satellite telemetry was used to track the
movements of one adult loggerhead captured multiple times from 1999-2002. Home
range analyses of these tracks ndicated a concentrated seasonal home range near the
study site, with a 73.9% overlap in the total range over a three-year period. Strong site
fidelity and high recapture rates among loggerheads, suggest that loggerheads actively
interact with pound nets.
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INTRODUCTION

Sea turtles are long-lived, highly migratory marine/estuarine species. These
animals utilize geographically diverse habitats during various ontogenetic stages. Musick
and Limpus (1997) describe these stages as early pelagic/oceanic juvenile habitat,
demersal juvenile developmental habitat, adult foraging habitat and adult inter-nesting or
breeding habitat. The coastal and estuarine waters of Virginia play an important role in
the life histories of several Atlantic populations of sea turtle. Five species of sea turtles
are found within Virginia’s waters, the vast majority of which are loggerheads (Caretta
caretta), followed by Kemp’s ridley (Lepidochelys kempii) sea turtles (Lutcavage 1981;

| Lutcavage and Musick 1985; Byles 1988; Coles 1999). Leatherback (Dermochelys
coriacae), and green (Chelonia mydas) sea turtles are also found in Virginia’s waters, but
remain relatively rare. Only two hawksbill Eretmochelys imbricata) sea turtles have
been documented in Virginia since 1979.

Western Atlantic bggerhead nesting beaches range from Florida north to
Virginia. Hatchlings emerge from these beaches, swim offshore, and connect with
oceanic currents that entrain them within gyre and current systems of the Atlantic Ocean
where they live pelagically for several years until they reach a size that is no longer
sustained by available food: ~40.0 to 60.0 cm curved carapace length (CCL) (Musick and
Limpus 1997; Turtle Expert Working Group [TEWG] 2000; Snover 2002). These larger
juveniles recruit to tropical and temperate near shore and/or estuarine systems such as the
Chesapeake Bay, Mediterranean Sea, and Atlantic coastal areas of the United States,
feeding on benthic organisms (Musick and Limpus 1997; Hopkins-Murphy et al. 2003).

Some of these turtles, particularly foragers within northern temperate waters, will migrate
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seasonally between summer foraging grounds such as the Chesapeake Bay, and southern
waters south of Cape Hatteras, North Carolina to over-winter (Musick and Limpus 1997,
Keinath 1993). Loggerhead sea turtles reach sexual maturity at approximately age 25 to
30 years, at approximately 92.0 cm straight carapace length (SCL) (Klinger 1988;
Klinger and Musick 1995; Snover 2002; TEWG 2000). Once mature, turtles emigrate
from their juvenile developmental habitat to adult foraging, breeding and nesting
grounds. (Musick énd Limpus 1997). Juvenile loggerheads feed primarily on blue crabs
(Calinectes sapidus), horseshoe crabs (Limulus polyphemus), channel and knobbed whelk
(Busycon canaliculatum; Busycon caricas) while resident in Virginia’s waters Seney
2002; Seney and Musick in press).

Kemp’s ridleys follow a similar life-history strategy. Their primary
developmental habitat is within the Gulf of Mexico, though they are found in waters as
far north as Cape Cod, Massachusetts, including a small seasonal population in the
Chesapeake Bay (Musick and Limpus 1997; Coles 1999; Schmid et al. 2003). Kemp’s
ridleys may reach sexual maturity as early as anestimated 8 to 12 years or as late as 15 to
20 years (Chaloupka and Zug 1997; Schmid and Witzell 1997; Snover 2002; Heppell at
al. 2005). Size at maturity is estimated at approximately 60 cm SCL (TEWG 2000;
Snover 2002; Heppell et al. 2005). Juvenile Kemp’s ridleys feed on blue crabs and other
small benthic crustaceans while resident in Virginia (Seney 2002; Seney and Musick
2005).

All species of sea turtles found within the United States and its territories are
federally protected under the Endangered Species Act (ESA) of 1973. Threatened species

are defined as those species likely to become endangered in the foreseeable future unless
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current population trends are reversed (National Research Council [NRC] 1990).
Endangered species or subspecies are defined as those species in imminent danger of
extinction throughout all or a significant portion of their range (NRC 1990). Federal laws
state that no part or product of a sea turtle may be taken, imported, exported, transported,
sold or possessed within the United States, its territories and seas. Sea turtle nesting
beaches and foraging grounds are also protected; alterations to these critical habitats are
either prohibited or restricted (ESA: 16.USC 1532 (s)(A)).

The Department of the Interior, with the authority of the ESA, authorizes the
protection of both threatened and endangered species found within the United States and
its territories. The US Fish and Wildlife Service‘(USFWS) has jurisdiction over terrestrial
sea turtle habitat (nesting beaches), coastal strandings, and human activities that occur on
land that may impact sea turtles. The National Marine Fisheries Service (NMFS) has
jurisdiction over sea turtles while in a marine environment as well as in-water human
activities that may impact these species, including bycatch mortalities or other human
induced takes.

Loggerhead sea turtles are considered threatened throughout their range. Kemp’s
ridleys are the most endangered species of sea turtle, and among the most endangered
species of animal worldwide (TEWG 2000). Leatherback and hawksbill sea turtles are
also endangered, as are the sub-population of green turtles found within Atlantic waters
along the southeastern United States and Gulf of Mexico. Virginia’s in-water sea turtle
habitat includes the entire mainstem Chesapeake Bay extending approximately five to ten
miles up the By’s tributaries (Musick et al. 1984; Byles 1988) and all coastal waters.

- Nesting beach habitat encompasses the Eastern Shore’s ocean beaches and those along
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the Virginia Beach oceanfront south to the North Carolina border (Lutcavage and Musick
1985; Back Bay National Wildlife Refuge 1993; Cross et al. 2001).

The majority of Virginia’s sea turtles are demersal juveniles. The Chesapeake Bay
and coastal waters of Virginia play an unique role in the life history of Atlantic sea
turtles; the Chesapeake Bay is identified as an important developmental habitat for both
juvenile loggerhead and Kemp’s ridley sea turtles in the Atlantic Lutcavage 1981;
Lutcavage and Musick 1985; Byles 1988; Musick and Limpus 1997; Coles 1999). These
turtles seasonally utilize Virginia’s coastal waters and the Chesapeake Bay as -foraging>
habitat (Lutcavage and Musick 1985; Musick and Limpus 1997). Turtles are resident in
Virginia waters from May through October or early November Byles 1988; Keinath
1993; Coles 1999).

Each year, large numbers of sea turtle strandings are recorded in Virginia, the
majority of which are juvenile loggerheads or Kemp’s ridleys. A ‘stranding’ is defined by
the National marine Fisheries Service Office of Protected Resources as a live, dead or
weakened sea turtle found on a beach or floating in a marine environment (B. Schroeder,
pers. comm.). Since the establishment of the Virginia Sea Turtle Stranding Network in
1979, annual state stranding numbers have increased 200% to 300% (Figure 1.1) (Musick
and Mansfield 2004). This may be due to a number of factors, including but not limited
to, increased turtle populations over time, changes in fishery effort and/or other human
induced sources of sea turtle mortality, or increased effort in the collection of stranding
data by state stranding network cooperatives.

In 2001, NMFS adopted an initiative addressing sea turtle bycatch mortalities or

incidental takes in the Atlantic Ocean and Gulf of Mexico. The NMFS Protected
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Annual sea turtle strandings, 1979-2003. Data courtesy of the Virginia Sea Turtle Stranding Network



Resources Division defines an incidental take as a live or dead sea turtle found in actively
fished or operated gear (B. Schroeder, pers. comm.). This NMFS Strategy for Sea Turtle
Conservation and Recovery in Relation to Atlantic Ocean and Gulf of Mexico Fisheries
(2001) has several key elements, including characterizing federal and state fisheries
within this region, taking a gear-based approach in evaluating the significance of bycatch
mortalities within these fisheries, integrating oceanographic, environmental, fishery, and
sea turtle data into federal regulations to reduce incidental takes per gear type.

This initiative has impacted Virginia fishermen over the past several years with
NMFS implementing several regulations targeting Virginia fisheries, particularly the
pound net fishery. The pound net fishery was identified in the mid-1980°s as a significant
source of sea turtle bycatch mortality in Virginia. However, pound net fishing effort has
declined considerably over the past 20 years. Until recently, surveys to assess sea turtle
bycatch in pound nets had not been conducted in over 15 years.

Another goal set forth by NMFS and the Turtle Expert Working Group (TEWG)
in the recovefy plan for Atlantic sea turtles is to identify the maximum number of
individual turtles (per species) that may be taken incidentally by a fishery while still
allowing for the recovery of the species (TEWG 2000). Under Section 7 of the ESA
(1973), all federal agencies are directed to participate in the conservation of protected
species. Agencies such as the Army Corps of Engineers (ACOE) must have é permit to
take sea turtles while dredging channels within know sea turtle habitats, and must cease
operations and/or take mitigating action if determined take limits are met. Section 10 of
the ESA (1973) authorizes NMFS to issue permits allowing the incidental take of listed

species during non-federal activities such as commercial fishing. To date, no take limits
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have been established for Virginia fisheries. In order to meet the goals set forth by NMFS
and the TEWG, it is imperative that the status and condition of existing sea turtle stocks
be fully understood, including population levels at each life history stage (TEWG 2000).

Population models for sea turtles in the Atlantic rely heavily on data collected
from the reproductive output of adult females on nesting beaches. Significant data gaps
exist in these models for the juvenile life stages of all species of sea turtles (TEWG 2000;
Heppell et al. 2005). In the 1980’s and early 1990’s, data were collected by researchers at
the Virginia Institute of Marine Science on juvenile mortality rates, sources of sea turtle
mortality, population estimates, and sea turtle movements and behavior in Virginia’s
waters. A large data gap exists between the early 1990’s and present. Aerial population
surveys have not been conducted since the early 1990’s and fisheries surveys of gear
types identified as significant sources of sea turtle mortality have not been conducted
since the late-1980’s. Environmentally and/or seasonally driven sea turtle surfacing
behaviors were identified as a potential source of error in determining population
densities based on aerial observations in the 1980’s, yet no work was conducted to
determine seasonal differences in surfacing behavior (Byles 1988; Keinath 1993). If
turtles spend more time at the surface during different seasons or temperature regimes,
they are more likely to be counted by aerial censuses and therefore historic density
estimates may over-estimate Virginia’s sea turtle population.

This dissertation addresses these data gaps and the key management issues
currently affecting sea turtles in Virginia, comparing recent data to those collected 15 to
25 years ago. This research examines historic and current sea turtle mortalities rates;

identifies changes in sources of incidental takes over time; tests methods of assessing
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sub-surface mortalities; identifies biases in aerial census methods; wpdates historic and
current sea turtle density estimates; and refines sea turtle movements, migration routes,
and habitat utilization in the Chesapeake Bay and coastal waters of Virginia. Finally, this
research is applied to the larger management issues in Virginia and the mid-Atlantic,
providing recommendations based on available data, local sea turtle behavior and

environmental influences.
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ABSTRACT

The primary objectives of this study were to determine whether there ié av seasonal
or geographic difference in sea turtle surfacing behavior in the Chesapeake Bay, and to
examine the long-term foraging and migratory behavior of Virginia’s sea turtles to
determine whether these turtles exhibit fidelity to Virginia waters. Springtime surfacing
behaviors of juvenile Kemp’s ridleys (n=6) and loggerheads (n=7) were determined in
the lower Bay during 2002-2004 using radio/sonic telemetry and compared to summer.
and fall surfacing behaviors estimated by Byles (1988) in the 1980°s. Among daytime -
loggerhead observations, the mean percent time turtles spent at surface during the spring
and early summer was 9.9% (+/-> 2.9% SD; for every one turtie at the :surfaée, there were
ten below: 1:10) in 2002 (n=5 loggerheads), and 25.0% (+/-16.3% SD; 1:4) in 2003 -
(n=2). In 2004, only one loggerhead was tracked. This turtle spent 12.3% (1:7 to 1:8) of
its total daytime track at the surface. Mean time spent at surface among all loggerheads
ranged as high as 36.5%. Among Kemp’s ridleys, mean time spent at surface during the
spring and early summer was 45.7% in 2002 (n=1), 32.9% (+/- 23.1% SD; 1:3) in 2003
(n=2), and 30.0% (+/- 25.8% SD; 1:3) in 2004 (n=3), with mean time at surface ranging
as high as 59.8%. There were significant differences among all individuals tracked
(ANOVA, p< 0.05). The highest overall mean surfacing times were observed among the
Kemp’s ridleys (30.0% to 59.8%). Turtles with highest 2002-2004 surfacing times (Both -
species) were tracked in deeper, cooler waters of Bay mouth and/or Atlantic coastline.
Obéérved surfacing times among these turtles were higher than those estimated by Byles

(5.3%; 1988) in the summer and fall.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



12

Long-term movements and behavior of loggerheads (n=12) and Kemp’s ridleys
(n=4) were examined between 2001 and 2006 using satellite telemetry. With the
exception of two animals, all turtles remained in Virginia’s or North Carolina’s waters
during all or a significant portion of their track. Southern migratory movements for these
turtles typically began when sea surface temperatures dropped below 20° C. Individual
track locations were overlaid on bathymetric, sea surface temperature and geographic
datasets. Among the Kemp’s ridleys tracked, mean minimum travel speeds ranged
between 1.6 km/hr (+/- 2.7 km/hr SD) and 3.0 km/hr (+/~ 3.1 km/hr SD). On average,
these turtles were found in depths ranging between 2.5 m (+/~ 3.2 m SD) to 15.4 (+/- 14.0
m SD), with a maximum depth up to 109 m. Average distance from shore ranged from
0.4 km (+/- 0.6 km SD) to 15.4 km (+/- 20.4 km SD). AVHRR sea temperature data
indicated that these turtles were vfound to remain within temperatures ranging between
15.8° C and 30.4° C. Mean travel speeds for loggerheads ranged between 2.3 km/hr (+/-
2.5 km/hr SD) and 4.2 km/hr (+/- 3.6 km/hr). Most turtles remained between the
'shoreline and outer continental shelf. These turtles were found within mean depths of
15.7 m (+/- 11.2 m SD) to 56.6 m (+/- 281.6 m SD), remaining, on average, between 11.7
km (+- 12.6 km SD) to 337.1 (+/- 250.5 km SD) from the nearest shore. Three
loggerhead turtles spent significant time farther from the continertal shelf Two juveniles
entered the Gulf Stream near Cape Hatteras, following the current to the north Atlantic.
One of these turtles remained in the north Atlantic gyre south of the Grand Banks for
over two years. Both juveniles were found in water depths up to 4650.0 m (+/- 1400.5m).

All turtles remained within mean surface water temperatures of 19.1° C to 26.2° C.
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INTRODUCTION

As ectothermic reptiles, the distribution, biology and behavior of sea turtles are
strongly linked to the thermal regimes of their environment (Spotila et al. 1997).
Temperatures within any given environment can vary geographically, seasonally, or by
depth. The body temperature of bggerhead sea turtles can only exceed ambient water
temperatures by 1° or 2° C (Spotila and Standora 1985), and therefore must compensate
for their inability to thermoregulate via other mechanisms. Behavioral methods of
thermoregulation among reptiles include: habitat selection, temporal/seasonal changes in
activity, “mudding in” or burrowing, aggregation and altering posture to conserve body
heat (reviewed by Zug et al. 2001). Within Virginia’s waters, sea turtles are not known to
aggregate in the colder months, nor are they physically capable of altering their posture.
Turtles have been observed to burrow into mud or silt in waters of the Carolinas and
Georgia (Byles 1988); however, no such observations have been documented in Virginia
(Byles 1988). Virginia’s sea turtles are known, however, to perform migrations that are
correlated to seasonal temperature fluctuations (Bellmund et al. 1987; Keinath et al.
1987; Byles 1988; Musick 1988; Keinath 1993; Coles 1999). Basking, either on land or at
the sea surface, is another form of thermoregulation associated with sea turtles (Balazs
and Ross 1974; Sapsford and van der Riet 1979; Sato et al. 1995; Nelson 1996). Keinath
et al. (1995) and Nelson (1996) suggested that juvenile loggerheads (Caretta caretta)
observed in Georgia and South Carolina may spend more time basking on the surface in
spring months in response to colder (<19° C) water temperatures and highly stratified

vertical temperature profiles.
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Virginia’s estuarine and coastal waters are subject to a large range in temperature
over the course of four seasons. Temperatures in winter drop as low as 1 ° C, while
summer Bay temperatures may reach 30° C. Sea turtles are resident in Virginia waters
between May and November (Lutcavage 1981, Musick et al. 1985), with a few strandings
and sightings occurring as early as mid-April or as late as December. Analysis of sea
surface temperatures during residency seasons indicate that turtles first migrate into
Virginia’s waters when sea temperatures warm to approximately 18° C (Lutcavage and
Musick 1985; Bellmund et al. 1987; Keinath et al. 1987; Byles 1988; Musick 1988;
Keinath 1993; Coles 1999). When sea surface temperatures drop in the fall, turtles begin
their southern migration out of the Bay and coastal waters, over-wintering in waters
ranging from North Carolina south to Georgia, Florida and the Gulf of Mexico (Keinath
1993; Mansfield et al. 2001). Prolonged exposure to temperatures lower than 8° to 10° C
may result in cold stunning, or a disruption in the turtle’s metabolic pathways, resulting
in loss of buoyancy and inability to dive or swim (Schwartz 1976; Morreale et al. 1992;
Spotila et al. 1997). Sea turtles are not physiologically capable of utilizing Virginia’s
waters as over-wintering habitat.

Work conducted by the Virginia Institute of Marine Science (VIMS) in the 1980°s
suggested that environmental temperatures affect sea turtles differently during the spring
migration versus the fall migration. Byles (1988) concluded that yearly migrations into
the Chesapeake Bay were strongly associated with vernal warming and that the greatest
concentrations of sea turtles were found south of the 18° C isotherm (sea surface
temperature). Byles suggested that the fall southerly migration started with the onset of

winter storms, rather than declining sea temperature. Coles (1999; Coles and Musick
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2000) analyzed aerial data for the North Carolina and Virginia coasts by plotting sea
turtle locations against Advanced Very High Resolution Radiometer (AVHRR) satellite
imagery of sea surface temperatures (SSTs). Loggerheads were found within
temperatures ranging between 13.3° C and 28.0° C with most turtles found in sea surface
temperatures below 29.0° C (Coles and Musick 2000). Satellite and radio telemetry
studies from Florida to Virginia suggested that the spatial occurrence of loggerhead and
Kemps ridley (Lepidochelys kempii) sea turtles is not randomly distributed, but may be
limited or influenced by sea surface temperatures (Byles and Dodd 1989; Keinath 1993;
Nelson 1996; Coles and Musick 2000).

Using radio telemetry, Byles (1988) determined that loggerhead sea turtles spent
approximately 5.3% of their time at the surface while foraging in the Bay dﬁring summer
months—or for every one turtle observed at the surface, there were approximately 18.9
turtles below the surface. No data were collected for respiratory behavior during the
spring when turtles first migrate into the Bay. Surfacing behavior may vary with season,
particularly early in the springtime when sea surface temperatures are cooler and the
water column is more stratified (Keinath 1993; Nelson 1996). Nelson (1996) observed
seasonal variations in surfacing behavior among juvenile loggerheads tracked in Georgia:
turtles spent a greater percentage of their time (19.0%) at the surface in the spring
compared to later in the season. Nelson attributed this difference to colder, more stratified
water temperatures during the spring months. Seasonal migrations of sea turtles into
Virginia waters in the spring may also influence turtle surfacing behavior. Loggerhead
sea turtles have been documented to spend 6% to 20% of their time at the surface when

migrating along the Atlantic coast (Keinath 1993). This increase in time spent at the
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surface may be due to the metabolic costs of migration: higher oxygen consumption due
to increased swimming activity (Jackson and Prange 1979; Byles 1988; Lutz et al. 1989;
Keinath 1993; Brill et él. 1995).

Aerial population surveys only record sea turtles visible at the surface of the
water. To estimate population densities, a correction must be applied to turtle densities
accounting for the percent time turtles spend below the surface. Historically, Byles’s
estimate of surfacing time (5.3%) has been used to estimate turtle densities throughout
the residency period. If sea turtles spend more time at the surface in the spring versus the
summer, then they are more likely to be observed and counted during aerial surveys, and
historic aerial population estimates may have overesﬁmated juvenile sea turtle
abundances in the Chesapeake Bay. To improve estimates of regional abundance from
surface densities, more data are needed on the amount of time turtles are visible on the
sea surface throughout their residency in Virginia waters—particularly during the spring
season. Determining whether sea turtles exhibit a difference in their inter-seasonal diving
behaviors will help determine their vulnerability to different fishing/commercial gears,
affecting incidental takes of turtles in near-shore fisheries.

The Chesapeake Bay is recognized as an important foraging habitat for benthic
juvenile Kemp’s ridleys and loggerheads (Lutcavage 1981; Lutcavage and Musick 1985;
Byles 1988; Musick and Limpus 1997; Coles 1999). Significant data gaps exist in
Atlantic sea turtle population models of the juvenile life stages for all species of sea
turtles (TEWG 2000; Heppell et al. 2005). These data are needed to determine
appropriate take limits for local fisheries and permitted federal activities that are known

to take turtles as by-catch, such as maintaining shipping channels using hopper dredges.
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In 2001, 2002, and 2003, dredging operations in the lower Chesapeake Bay exceeded or
came close to exceeding their incidental take limits for loggerhead and Kemp’s ridley sea
turtles. This resulted in temporary and voluntary cessation of dredge operations.
Allowable sea turtle take limits for Virginia’s commercial fisheries have not yet been
established. Under federal law it is assumed that no turtle takes are allowed, and local
fisheries have been subjected to blanket closures as a result. The threat to Virginia’s sea
turtles can be minimized by gathering life history data on the sea turtles inhabiting
Virginia’s waters. Examining sea turtle residency periods and diving patterns will help
determine their vulnerability to different fishing/commercial gears, aiding the
development of management approaches that may reduce the number of incidental turtle

takes in near-shore fisheries and dredging activities.

The primary objectives and hypotheses for this study were to:
1. Determine whether there is a seasonal or geographic difference in sea turtle

surfacing behavior in the Chesapeake Bay;
Hg1  There are no differences among surfacing times observed in the
summer/fall in the western Chesapeake (Byles 1988; 5.3%) versus spring

and early summer in the Bay mouth

2. Examine the long-term foraging and migratory behavior of Virginia’s sea turtles.

Determine whether turtles captured in Virginia exhibit fidelity to Virginia waters;
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Hy: Foraging sea turtles exhibit random movements and distribution relative to

their release sites.

METHODS
Turtles were obtained from cooperative pound net fishermen in the Potomac
River and Mobjack Bay; the Virginia Sea Turtle Stranding and Salvage Network; and
from local dredge/relocation trawler operators. All turtles were measured, weighed and

flipper tagged using inconel and/or passive integrated transponder tags prior to release.

Radio/Acoustic Telemetry:

Turtles tracked in 2002 were outfitted with Lotek VHF radio (RMMT_3) and
location-only acoustic (Lotek CAFT16_3) tags. In 2003 and 2004, turtles were tracked
with Lotek radio (RMMT _3) and Vemco acoustic (V16TP-5H) transmitters. Two radio
-frequencies were used: 148.380 MHz and 149.800 MHz. Each radio tag had a three
second pulse rate and was encoded with a unique number to identify individual turtles
while tracking. Sonic frequencies ranged between 60.0 kHz and 85.0 kHz Lotek acoustic
tags had a frequency of 150.066 KHz with a three second pulse rate. These tags were also
encoded with a unique number matching those of the radio tags. Vemco acoustic tags
were un-coded and had a continuous pulse rate. These transmitters utilized a two-channel
coding scheme that synchronized the tags’ pulse with a 1150 millisecond interval,
followed by data pulses, repeating this cycle continuously once deployed. The data pulses
included reaktime temperature (° Celsius) and pressure data that were converted to depth

(meters).
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Turtles’ scutes were lightly sanded with 100 grit sandpaper and cleaned with
acetone. Transmitters were placed on the turtles’ carapace at the second to third vertebral
scute. This location provided optimum transmission when the turtles surfaced to breathe.

Quick setting Power-FastTM marine epoxy resin with amine hardener was used to form

an attachment base for each tag Fibre Hair Body FillerIM or Sonic WeldTM was used
as a secondary coat to buffer the tag and create a hydrodynamic surface for each
attachment site. Acoustic (sonic) transmitters were placed along the ninth and tenth
marginal scute, typically along the left side of the turtle, or just anterior of the post-
marginal scutes. These transmitters were either placed in a bed of quick setting marine
epoxy or attached to a plastic loop formed by a cable tie embedded in approximately two
ounces of epoxy. The later method was used in 2003 and 2004 and tags were secured to
the plastic loop via two to three cable ties.

Prior to tracking, a series of range tests‘ were conducted to determine relative
distances of tags from the tracking vessel based on received signal strength with the
receiver set at graduated gain settings. All turtles were released in the Bay mouth just
outside the Chesapeake Bay Bridge Tunnel (CBBT) within the Thimble Shoal or
Chesapeake Channel, or just inside the CBBT if prevailing the winds and seas provided a
more favorable tracking environment. Due to the large size of the adult female
loggerhead, she was released from the VIMS beach in the York River. Two other turtles
were released within the York Spit channel at the mouth due to either engine
malfunctions with the tracking vessel or predicted foul weather. Turtles were tracked
continuously for up to 24 hours post-release. Tracking time was heavily dependent upon

weather and sea state. Temperature profiles of the water column were taken at the time of
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release for each turtle using an YSI 600XL Sonde with temperature and conductivity
sensors. Additional temperature profiles were taken every one to four hours post-release.

A Lotek receiver (SRX 400) was used to monitor the respiratory behavior of the
sea turtles through direct observation of radio signals orboard the tracking vessel. The
first turtle was tracked with a polarized 150 MHz H antenna. Due to the limited range of
this antenna, subsequent turtles were tracked with a three or four-element AN-3YG or
AN-4YG Yagi antenna. Turtles were tracked approximately every other week from late-
May or early-June through at least July. When turtles surfaced to breathe, the radio tags
emitted a coded signal, based on time intervals of a three second pulse, to the receiver
located onboard the tracking vessel (Pemberton 2000). Radio transmissions ceased when
turtles were subsurface.

Turtles were tracked subsurface via acoustic signals emitted by the sonic tags,
ensuring that the tracking vessel remain within the signaling range of the turtles’ radio
transmissions. Bearings and locations were recorded approximately every ten minutes.
Turtle locations were estimated from GPS locations of the tracking vessel and the relative
strength and direction of radio and sonic signals relative to the tracking vessel
(Pemberton, 2000). In 2002, a Lotek directional hydrophone was used with the SRX 400
receiver, and acoustic frequencies were monitored in between surfacing events. Two
VEMCO receivers (VR60) and hydrophones (directional VH10 and omni-directional
VH65), were used to track and download realtime temperature and depth data from the
sonic tags in 2003 and 2004. One receiver and the directional hydrophone were
designated for tracking and bearings of the turtle in-water. The other receiver and omni-

directional hydrophone were connected to an on-board laptop to provide a continuous
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stream of temperature and depth data from deployed tags. VEMCO V-SCAN software
was used to receive, convert and archive temperature, depth, and time data.

Mean surface and dive times were calculated and caytime surface ratios were
determined by dividing total surfacing time by total track time. The first two hours post-
release were eliminated from these calculations to minimize the effects of handling and
displacement (Byles 1988). Analyses of variance (ANOVA) were conducted for
differences in surface and dive times among individuals (individual turtle tracks were
treated as independent samples) with significance based on p<0.05. Due to annual
variations in temperatures and upwelling events, each year was treated separately. In
2003 and 2004, real-time temperature and depth data obtained from acoustic tags were
imported into SAS (Version 8e¢) to parse out temperature from depth data and to
determine the frequency of time spent at different depths or within different temperature
regimes per turtle. Day and night depth and temperature frequencies were determined for
turtles tracked close to 24-hours.

All location data were imported into either ArcView 3.2 (Mercator projection)
and plotted using a graduate color scheme to indicate movements occurring during ebb
and flood tides. Significance of travel diréction was determined wing circular point

statistics and the Raleigh’s z statistic, with significant values based on p <0.05 (Zar

1999).

Satellite telemetry:
Telonics, Inc. ST-14, ST-6 and ST-18; Wildlife Computers SDR-T16; Sirtrack

Kiwisat 101; and Microwave Telemetry high mte archival popup platform terminal
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transmitters (PTTs) were used to track the at-sea movements and long term movements
of some radio-tracked turtles between 2001 and 2005. Sirtrack Kiwisat 101 PTTs and
Microwave telemetry high rate archival popup tags were used to track the long term
movements of turtles in 2005. Turtles receiving popup tags (n=4) were also tagged with a
Sirtrack PTT. All tags weighed less than 1% of the turtles’ body weight. With the
exception of the popup tags, tag duty cycles were set to 12-hours on, 24 or 48-hours off
and were attached using the methods described above for attaching radio transmitters.
The popup tags had a deployment period of ten days prior to detachment. An initial duty
cycle of 1-second on, ten days off was added to two of the Sirtrack tags (#10693 and
#10401) to minimize any frequency interference between popup and Sirtrack PTTs. After
the initial ten day period, these tags changed to the standardized 12-hours on, 24 or 48-
hours off duty cycle. Popup tags were attached using the cable tie-tether method
described above. These tags were programmed to collect real-time temperature and depth
data for a maximum of ten days post-release. At the end of the tén day period, or when
the tag’s memory was full, the tags detached from the turtle, floated to the surface and
transmitted data. A constant-depth release function was enabled br the first three tags
deployed and disabled for the fourth due to pre-mature release associated with shallow
foraging behaviors of the test turtles.

The Sirtrack tags had surface time counters that measured the amount of time per
24-hour period that a #g’s salt water switch was dry. These sensor data provided a
minimum estimate of percent time spent at the surface per any given 24-hour period.

Percent time spent at depth was calculated using archival data sorted into 2-m interval
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binned datasets. Percent time spent at temperature intervals of 1° C was also calculated
from archival data received from the popup tags.

Position and sensor data were transmitted to NOAA Tiros Satellites when the
turtles surfaced to breathe. Locations were determined via Doppler shift. The shift in
frequency in each signal received by the satellite determines the satellite’s speed relative
to the tag and he ratio of this speed to the satellite’s ground speed results in a tag’s
relative bearing (Kenward, 2001). At least two such bearings are needed in order for tag
position to be estimated. Position accuracy was determined by the number of bearings (or
satellite passes) available per transmission. All position data were sorted based on
accuracy codes received with each data transmission (0-3, A, B and Z; Appendix A). All
data were transferred from the NOAA satellites to the ARGOS data processing system,
which in turn sent the data in email format to a VIMS email account. Position data from
the popup tags were not used due to inaccuracies associated with geoposition estimates
derived from light intensity (Musyl et al. 2001).

Data from PTTs were archived and filtered using the Satellite Tracking and
Analysis Tool (STAT) (Coyne and Godley 2005). Data were filtered based on accuracy
of transmission (LC 03, A and B were selected; Appendix A), likely swim speed
between locations (< 5 km hour), minimum turning angle (> 3°) combined with likely
distance between points (<50 km), locations received in time intervals greater than or
equal o one hour, and topography (< 0.5 m). Tracks were reconstructed in STAT and
mapped in reference to bathymetry overlays and 50 m Bathymetric contours derived from
the General Bathymetric Chart of the Oceans (GEBCO) using a one-minute spatial

resolution or ETOP2 Global 2Minute Elevations derived from a 2minute grid (I0C,
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IHO and BODC 2003; Coyne and Godley 2005). Location data were quantified to
determine the range in depth of the water column that the turtle traveled, mean distance
from shore, speed over ground, and mean béaring of travel path. Location data were also
overlaid on NOAA GOES SST or AVHRR datasets from the NOAA NESDIS archives.
GOES datasets provide a six-kilometer spatial resolution of SST; and AVHRR derived
datasets provide a resolution of approximately 5.6 km (Coyne and Godley 2005). Turtle
location counts within different SST ranges were quantified to provide mean SST for
each track.

Filtered location data were imported into ArcView 3.2 and tracks were
reconstructed for spatial movement amalyses (Mercator projection). Migratory routes
were identified, and foraging habitats were determined using tests for Monte Carlo
random walk simulations, a test for site fidelity comparing observed tracks with
randomly generated walks (1000 replicates) using Spatial Analyst and Animal Movement
extensions (Hooge and Eichenlaub 2001). Significance was based on p<0.05. Low 7
values represent higher relative site fidelity (Hooge and Eichenlaub 1997).

When sample size permitted, home ranges for tracks exhibiting significant fidelity
to a particular area were determined using a fixed lemel density model (Hooge and
Eichenlaub 1997; 2001). Typically, animal movement data are autocorrelated; however,
non-parametric kernel analyses do not assume independence of location data. Temporally
sub-sampling track data to reduce the effects of autocorrelation may negatively bias the
biological significance of the observed animal’s movements (de Solla et al. 1999). For
comparison among turtle tracks, a fixed ad hoc smoothing parameter (H) of 5.0 was used

(projection units in km) (Silverman 1986). This value provided the best spatial fit of all
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track data within the constraints of aquatic sea turtle distribution. Kernel output contours
were set at 95% and 50% confidence levels. The 95% contour is typically used to
determine the area the animal actually inhabits or uses, and the 50% contour is used to
determine the “core area of activity” (Hooge and Eichenlaub 2001).

Minimum sample size of location data required to estimate concentrated home
ranges (50% kemel contour) was determined for each track using cumulative home range
analysis. Cumulative home ranges were calculated using kernel densities estimated at
daily intervals (day one, days one and two combined, days one, two and three, etc.)
(McGrath 2005). These estimates were plotted over time to determine the asymptotic
point at which the actual home range was achieved. A minimum two-week sample period
was necessary to obtain the concentrated home range per individual. Site fidelity and
kernel analyses were only conducted for the time turtles were observed as resident within
Virginia or neighboring waters, excluding directed migratory movements. Timing of
turtle movements south of Virginia’s waters, direction of travel, and significance of travel
direction were determined using circular poiﬁt statistics and Raleigh’s z statistic with

significant values based on p <0.05 (Zar 1999).

RESULTS

Radio and Acoustic Tracking:

From 2001 to 2005, 27 individual turtles were tracked via radio/acoustic and/or
satellite telemetry. This included eight individual Kemp’s ridleys and 19 loggerheads.
Five of these turtles received both radio/acoustic and satellite tags. A total of 20 satellite

tags and 16 radio/acoustic tags were deployed. With the exception of one adult female
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and one adult male loggerhead, all turtles were considered juvenile based on size. In
2002, six loggerheads (including one adult female) and one Kemp’s ridley were radio-
tracked between May 23 and July 17, 2002. In 2003, four Kemp’s ridleys and two
loggerheads were radio-tracked between June 18 and August 15, 2003. Three Kemp’s
ridleys and one loggerhead were radio-tracked from June 3 to July 22, 2004 (Table 2.1).
Satellite tags were deployed on one loggerhead in 2001, one Kemp’s ridley in 2002,
Kemp’s ridleys and four loggerheads in 2003, and two loggerheads in 2004. In 2005, five
loggerheads were tracked, four of which received both regular and popup satellite tags.
One loggerhead tracked in 2005 was an adult male. Four Kemp’s ridleys and one
loggerhead received both satellite and radio/acoustic tags (Table 2.1).

Mean straight carapace length (SCL; notch to notch) for all juvenile loggerhead
turtles (n=17) was 63.2 cm (+/- 6.7 SD), ranging between 49.8 cm and 73.1 cm. Kemp’s
ridley SCL measurements ranged between 42.2 cm and 54.5 cm; mean SCL for all
Kemp’s ridleys (n=8) was 48.4 cm (+/- 4.7 SD). The adult female loggerhead measured
91.6 cm SCL and the adult male loggerhead was 92.0 cm SCL (Table 2.1).

2003 was an unusual sea turtle season: Virginia experienced a very late, cold
spring and sea turtles did not enter Virginia’s waters in significant numbers until mid-to
late June. Peak sea turtle densities recorded by aerial surveys and peak state strandings
did not occur until the second and third week in June, well over three weeks later than
average. A coastal upwelling event was also recorded off of Virginia’s coastline,

resulting in vertically stratified water temperatures ranging between 23° and 25° C at the

surface, and as low as 9° C on the bottom. These conditions provided a unique
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Table 2.1 Summary data for seven sea turtles tracked in the Chesapeake Bay, 2001 to
2005. CC= loggerhead, LK= Kemp’s ridley. Hours=radio/acoustic telemetry
only; days = satellite telemetry only. R= radio/acoustic track, S=satellite track,
P=archival popup track.

Primary SCL Hours (or Track
Track ID Species Tag# (cm) Release Date Release Location Days) Tracked Type
01234 CcC XXF779 73.1 9/13/01 36.510N; -75.533W (40) S
198" CC XXF794 49.8 5/23/02 37.324N; -76.301W 12 R
199 CC XXT521 570 5/28/02 37.020N; -76.112W 8.5 R
192° LK XXF767 545 6/4/02 36.983N; -76.063W 8 (40) R/S
142 CcC XXT523 56.9 6/11/02 36.989N; -76.079W 12 R
165 CC XXF775 62.8 6/17/02 37.006N; -76.080W 24.5 R
167 CcC XXF771 704 6/24/02 36.983N; -76.078W 18 R
2113 CC SSB919 91.6 7/17/02 37.247N; -76.507W 24 R
10401 LK XXN292 423 6/18/03 37.247N; -76.507W (78) S
197 LK XXF723 422 6/16/03 37.133N; -75.943W 2 R
137° CC XXF731 632 7/15/03 36.984N; -76.073W 23 (92749 R/S
205 CC XXT517 72.7 7/17/03 36.985N; -76.071W 13 (15) R/S
138* LK 138 473 731/03 36.989N; -76.073W 24 (8) R/S
168* LK 168 484  8/14/03 36.983N; -76.069W 24 (338) R/S
41335 CC XXT526 65.0 10/22/03 36.672N; -75.913W (36) S
41336 CC QQN709 66.5 10/22/03 36.672N; -75.913W (15) S
147 LK SSV626 544 6/03/04 36.990N; -75.077TW 24 R
195 LK XXF738 48.1 6/29/04 37.108N; -76.079W 14 R
170 LK XXF774 503 7/06/04 37.108N; -76.079W 4 R
141 CC XXT538 68.2 7/21/04 36.983N; -76.071W 24 R
10378 . CC XXF706 53.2 6/10/04 37.241N; -76.504W @37 S
10692 CC XXT542 64.0 11/16/04 35.183N; -75.783W (458) S
10693’ CC XXT552 572 6/17/05 37.245N; -76.344W (212+) S/P
10401b CC XXT550 69.0 6/17/05 37.245N; -76.344W (225) S/P
11993 CC XXT561 65.3 8/30/05 36.918N; -76.127TW (220) S/P
11585 CC XXT558 60.9 8/30/05 36.918N; -76.127TW (247+) S
103786 CC  XXT563 920  11/1/05 36.603N; -75.723W (12349 S/P

! Insufficient data due to small antenna

2 Turtle not tracked continuously for entire eight hours due to weather/seas

? Turtles confirmed as mature adults \

* These turtles received a Passive Integrated Transponder (PIT) flipper tag only
5 Satellite tags still active as of 1/28/06
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opportunity to observe sea turtle dive behavior within very different temperature regimes.
Due to this unusually cold season and pronounced coastal upwelling event, each radio
tracking season (2002, 2003 and 2004) was treated separately in determining mean
surfacing times.

The loggerhead turtles radio-tracked during the spring and early summer months
of 2002 exhibited a mean daytime surfacing time of 23 seconds (+/-0:00:09) and a mean
daytime dive duration of 0:05:00 (+/-0:01:52). Mean daytime surfacing times for all
turtles was 0:00:27 (+/- 0:00:04) and mean daytime dive duration was 0:05:01 (+/-
0:02:10). Mean nighttime surfacing time was 0:00:46 (-F/-0:00:18 SD) and mean
nighttime dive duration was 0:07:09 (+/-0:02:30) (Table 2.2), however overéll nighttime
sample size was small. There were significant dfferences in daytime surface times
among individual juvenile sea turtles (ANOVA, p<0.0001) as well as significant
differences in daytime dive times (ANOVA, p<0.0001). The mean ratio of surface to
submergence time among the juvenile loggerheads was 9.9% (+/-3.0% SD). These ratios
ranged from 7.1% to 12.7% (Table 2.3). The adult female turtle (#211) exhibited a mean
surface to submergence ratio of 2.7% (Table 2.4). The only Kemp’s ridley observed in
2002 was tracked inconsistently for an &hour period due to high seas and was observed
to remain at the surface 45.7% of the time tracked (Table 2.4).

Excluding Turtle #197 which was only tracked successfully for two hours, the
mean ratio of surface to submergence time among loggerheads in 2003 was 25.0% (+/-
16.3% SD) (Table 2.3) . These ratios ranged from 13.5% to 36.5% and were much higher
than the ratios observed in 2002 (7.1% to 12.7%) (Table 2.3). The mean Kemp’s ridley

surfacing ratio was 32.9% (+/- 23.1% SD), and ranged between 16.5% and 49.2%
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Table 2.2 Summary of day and night respiratory behavior (hh:mm:ss), 2002.

Ti_mg Mean wace Time SD-Surface Mem_li)ive Time SD-Dive Me: Surf. Time Range: Dive Time
199 Day 0:00:32 0:00:51 0:06:57 0:07:32 Min: 0:00:06 Min:0:00:14
Max: 0:06:00 Max: 0:40:23
192 Day 0:01:26 0:01:49 0:03:08 0:03:05 Min: 0:00:06 Min: 0:00:10
Max: 0:07:34 Max: 0:12:47
142 Day 0:00:23 0:00:23 0:03:01 0:02:41 Min: 0:00:06 Min: 0:00:14
Max: 0:02:15 Max: 0:16:33
165 Day 0:00:24 0:00:30 0:03:17 0:04:14 Min: 0:00:06 Min: 0:00:06
Max: 0:04:44 Max: 0:26:05
167 Day 0:00:29 0:00:39 0:06:50 0:08:27 Min: 0:00:06 Min: 0:00:06
Max: 0:03:12 Max: 0:39:31
211 Day 0:00:08 0:00:07 0:04:53 0:05:46 Min: 0:00:06 Min: 0:00:06
Max: 0:01:17 Max: 0:38:05
TOTAL-All Turtles 0:00:34 0:00:27 0:04:41 0:01:50
Turtle # Time Mean Surface Time SD-Surface Mean Dive Time SD-Dive Range Surf. Time Range Dive Time
199 Night 0:00:57 0:00:39 0:04:15 0:02:52 Min: 0:00:06 Min:0:00:15
Max: 0:01:50 Max: 0:08:00
192 Night n/a n/a n/a n/a n/a n/a
142 Night 0:00:53 0:00:35 0:04:30 0:02:33 Min: 0:00:06 Min: 0:00:8
Max: 0:02:28 Max: 0:11:55
165 Night 0:00:54 0:01:12 0:05:40 0:08:10 Min: 0:00:06 Min: 0:00:06
Max: 0:07:50 Max: 0:28:15
167 Night 0:00:56 0:00:55 0:08:33 0:07:40 Min: 0:00:06 Min: 0:00:06
Max: 0:05:23 Max: 0:29:39
211 Night 0:00:19 0:00:31 0:09:55 0:09:00 Min: 0:00:06 Min: 0:00:07
Max: 0:03:07 Max: 0:32:49
TOTAL-AH Turtles 0:00:46 0:00:18 0:07:09 0:02:30



Table 2.3 Summary of percent time spent at surface per turtle tracked, 2002-2004.

Track % Time at Hours of
Track Year 1D Species Surface Observation
2002 199 CcC 7.7% 8.5
192* LK 45.7% 8
142 cC 12.7% 12
165 CcC 12.2% 245
167 CC 7.1% 18
211 CcC 2.7% 24
2003 197 LK 7.2% 2
137 cC 36.5% 23
205 cC 13.5% 13
138 LK 16.5% 24
168 LK 49.2% 24
2004 147 1K 13.7% 24
195 LK 16.6% 14
170 LK 59.8% 4
141 CcC 12.3% 24

*Turtle not tracked continuously
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Table 2.4 Summary of day and night respiratory (hh:mm:ss) behavior from radio tracking data, 2003.
Mean Surface Mean Dive Range: Surf. Range: Dive
Track ID Time Time SD-Surface Time SD-Dive Time Time
197 Day 0:00:09 0:00:05 0:01:42 0:01:39 Min: 0:00:06 Min: 0:00:06
Max: 0:00:24 Max: 0:09:27
137 Day 0:00:46 0:04:02 0:05:42 0:08:47 Min: 0:00:06 Min: 0:00:06
Max:0:42:45 Max: 0:44:31
205 Day 0:00:28 0:00:29 0:03:57 0:04:06 Min: 0:00:06 Min: 0:00:06
Max:0:02:00 Max: 0:23:34
138 Day 0:00:54 0:00:52 0:03:44 0:03:23 Min: 0:00:06 Min: 0:00:08
' : Max: 0:04:41 Max: 0:15:23
168 Day 0:07:32 0:11:26 0:05:10 0:06:20 Min: 0:00:05 Min: 0:00:05
Max: 1:09:44 Max: 0:23:00
TOTAL-AIl Turtles 0:01:58 0:03:08 0:04:03 0:01:33
Mean Surface Mean Dive
Turtle # Time Time SD-Surface Time SD-Dive Range Surf. Time Range Dive Time

197 Night n/a n/a n/a n/a n/a n/a
137 Night 0:13:50 0:38:41 0:05:31 0:04:56 Min: 0:00:06 Min: 0:00:06
Max: 2:40:45 Max: 0:16:28
205 Night 0:01:01 0:00:45 0:06:19 0:05:26 Min: 0:00:06 Min: 0:00:11
Max: 0:02:45 Max: 0:20:56
138 Night 0:01:14 0:00:55 0:08:37 0:04:08 Min: 0:00:07 Min: 0:01:40
Max: 0:06:22 Max: 0:23:29
168 Night 0:12:03 0:03:21 0:18:01 0:07:34 Min: 0:006:34 Min: 0:00:06
: Max: 0:18:11 Max: 0:23:46

TOTAL-AII Turtles 0:04:46 0:06:19 0:10:59 0:06:12
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(Table 2.3). All sea turtles tracked during 2003 exhibited a mean daytime surfacing time
of 0:01:58 (+/~ 0:03:08 SD) and a mean daytime dive duration of 0:04:03 (+/-0:01:33)
(Table 2.4). Mean nighttime surfacing time was 0:04:46 (+/~ 0:06:19 SD) and mean
nighttime dive duration was 0:10:59 (+/-0:06:12) (Table 2.4). The 2003 mean surfacing
times were approximately Hur to five times greater than the combined mean surfacing
times observed in 2002 (day: 0:00:34 +/- 0:00:27; night: 0:00:43 +/- 0:00:21). Among
individuals, there were significant differences in surfacing and dive times for both day
and nighttime radio tekmetry data (ANOVA; p<0.0001).

- In 2004, mean daytime ratio of surface to submergence time among Kemp’s
ridleys was 30.03 % (+/-25.82% SD) (Table 2.3). These times ranged from 13.7% to
59.8% and were similar to those observed in 2003 (16.5% to 49.2%) (Table 2.3). The one
loggerhead tracked in 2004 speﬁt 12.3% of its time at the surface during the day. All
turtles tracked during 2004 exhibited a mean daytime surfacing time of 0:01:33 (+/-
0:01:34 SD) and a mean daytime dive duration of 0:04:59 (+/-0:04:38 SD) (Table 2.5).
Mean nighttime surfacing time for the turtles tracked at night was 0:11:19 (+/- 0:16:54
SD), and mean nighttime dive duration was 0:04:59 (+/-0:00:48) (Table 25). Among
individuals, there were significant differences in surfacing and dive times for both day
and nighttime tracks (ANOVA; p<0.0001).

Among all track years, most turtles exhibited significantly directed movement
thrdughout their entire track (p<0.05). This movement was often observed to be
influenced by tidal flow. Among all turtles tracked, there were significant differences in

daytime surface times between rehabilitated turtles and wild-caught turtles (ANOVA,
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Table 2.5 Summary of day and night respiratory behavior (hh:mm:ss) from radio tracking data, 2004 (Turtle #170 not
tracked at night).

Mean Surface Mean Dive , Range: Surf. Range: Dive

Track ID Time Time SD-Surface Time SD-Dive Time Time
147 Day 0:03:47 0:07:06 0:10:53 0:15:13 Min: 0:00:06 Min: 0:00:06
Max: 0:37:06 Max:1:08:13
170 Day 0:00:57 0:01:14 0:06:08 0:11:44 Min: 0:00:06 Min: 0:00:06
Max: 0:05:06 Max: 1:00:18
195 Day 0:01:19 0:01:37 0:02:45 0:02:17 Min: 0:00:06 Min: 0:00:12
‘ Max:0:08:08 Max: 0:10:59
141 Day 0:00:08 0:00:33 0:00:10 0:01:51 Min: 0:00:06 Min: 0:00:06
Max: 0:01:40 Max: 0:13:56

TOTAL-AIl
Turtles 0:01:33 0:01:34 0:04:59 0:04:38

Mean Surface Mean Dive Range Surf. Range: Dive

Turtle # Time Time SD-Surface Time SD-Dive Time Time
147 Night 0:30:48 0:28:00 0:05:10 0:01:07 Min: 0:00:06 Min: 0:04:18
Max: 1:19:56 Max: 0:07:43
195 Night 0:02:23 0:05:23 0:04:06 0:05:46 Min: 0:00:06 Min: 0:00:06
Max: 0:30:15 Max: 0:32:40
141 Night 0:00:45 0:01:07 0:05:41 0:07:34 Min: 0:00:06 Min: 0:00:09
Max: 0:05:11 Max: 0:28:10

TOTAL-AH
Turtles 0:11:19 0:16:54 0:04:59 0:00:48
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p<0.0001), however, no differences were found in the dive times among rehabilitated

turtles and wild-caught turtles (ANOVA, p>0.05).

Satellite Track Data:

One juvenile loggerhead was tracked via satellite telemetry in 2001, and one
Kemp’s ridley received a satellite tag in addition to radio/sohic tags in 2002. Seven
satellite tags were deployed in 2003, three on juvenile Kemp’s ridleys and four on
juvenile loggerheads. Two of the loggerheads and both Kemp’s ridleys were also radio-
tracked. Two juvenile loggerheads received satellite tags in 2004, and five loggerheads,
including one adult male, were satellite-tracked in 2005 (Table 2.1). Four satellite tags
were still transmitting as of January 31, 2006. One of these tags has been transmitting
since the middle of July, 2003. The remaining four active tags were deployed in 2005
(Tables 2.1 and 2.6). The majority $3.5%) of ARGOS location classes received from
deployed tags were classes A (18.8%) or B (34.7%) (Table 2.6). Track duration ranged
from eight days post-deployment, to more than 930 days (Tables 2.1 and 2.6).

Among the Kemp’s ridleys tracked, mean minimum travel speeds ranged between
1.6 km/hr (+/- 2.7 kn/hr SD) and 3.0 km/hr (+/- 3.1 km/hr SD). On average, these turtles
were féund in depths ranging between 2.5 m (+/~ 3.2 m SD) to 15.4 (+/- 14.0 m SD), with
a maximum depth up to 109 m. Average distance from shore ranged from 0.4 km (+/-~ 0.6
km SD) to 15.4 km (+/- 20.4 km SD) (Table 2.7). All but one of these turtles remained in
the Chesapeake Bay for the duration of their track. Two of these turtles exhibited fidelity
to their foraging sites in either the upper York River, or the Mobjack Bay and near Smith

Island. The York River turtle was tracked during a seasonal drought that resulted in
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Table 2.6 ARGOS location code distribution from satellite track data, 2001-2005

ARGOS Location Code

Release Track Duration
Track ID Date (days) 3 2 1 0 A B
01234 9/13/2001 40 0 0 0 8 9 6
192 6/4/2002 40 1 3 4 12 38 134
10401 6/18/2003 78 1 3 3 2 33 101
137 7/15/2003 927+ 26 82 193 171 154 250
205 7/17/2003 15 0 1 4 3 5 5
138* 7/31/2003 8 1 1 1 2 3 3
168* 8/14/2003 338 2 7 22 26 54 86
41335 10/22/2003 36 0 1 3 1 5 4
41336 10/22/2003 15 0 2 12 11 15 19
10378 6/10/2004 371 22 26 21 16 30 32
10692 11/16/2004 458 58 136 116 58 43 49
10693 6/17/2005 212+ 0 2 18 14 24 94
10401b 6/17/2005 225 1 2 17 26 44 61
11993 8/30/2005 220 9 13 16 6 24 38
11585 8/30/2005 247+ 2 3 5 5 12 30
10378b** 11/1/2005 123+ 18 17 16 12 18 32
Total 141 299 451 373 511 944

*Flipper tags not applied; PIT tags only
**Turtle confirmed as mature adult (male)
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Table 2.7 Summary statistics derived in STAT (Coyne and Godley 2005) from satellite movement data, 2001 to 2005.
Speed
Depth Range Distance from Shore Distance Mean Speed Range Mean Bearing
Track ID  Release Date Mean Depth (m) (m) (m) Range (m) (km/hr) (km/hr) ©)
01234 9/13/2001 28.4 (+/- 9.9 SD) 1.1t0 48.7 33.3(+/-374 SD) 0to 183.0 3.6 (+/-3.1 SD) 0to11.3 184 (+/- 96 SD)
192* 6/4/2002 6.3 (+/- 5.4 SD) 0to31.9 3.1(+/-3.28D) 0to13.0 3.0 (+/- 3.0 SD) 0t012.0 177 (+/- 103 SD)
10401 * 6/15/2003 2.5(/-3.28D) 02to 11.6 0.4 (+/- 0.6 SD) 0to2.0 1.6 (+/- 2.7 SD) 0to9.9 108 (+/- 94 SD)
137 7/15/2003 3857.5 (+/- 1675.1 SD) 0to 5461.9 461.6 (+/- 265.2 SD) 010 980.0 3.8(+/- 3.8 SD) 0to0 14.0 155 (+/- 89 SD)
205 7/17/2003 56.5 (+/- 281.6 SD) 0to 1880.4 7.7 (+/- 13.5S8D) 0to 90 2.9(+/-4.2 SD) 0to14.4 101 (+/- 91 SD)
138* 7/31/2003 6.3 (+/- 4.7 SD) 0t013.7 44(+/-3.2SD) 0t011.0 1.6 (+/- 2.9 SD) 0t09.7 105 (+/- 117 SD)
168* 8/14/2003 15.4 (+/- 14.0 SD) 010 109.3 154 (+/-20.4 SD) 010 170.0 23(+/-3.18D) 0to 10.9 147 (+/- 85 SD)
41335 10/22/2003 19.1 (+/- 6.5 SD) 2410395 27.2 (+/- 30.8 SD) 0to 185.0 4.2 (+/- 3.6 SD) 0.2to13.5 101 (+/- 110 SD)
41336 10/22/2003 25.3 (+/- 18.0 SD) 0to 129.7 32.2 (+/-20.0 SD) 0to 72.0 3.1(+/- 13.2 SD) Oto13.2 136 (+/- 98 SD)
10378 6/10/2004 26.9 (+/- 9.1 SD) 0.1t063.4 30.8 +/- (21.9 SD) 0to 163.0 2.6 (/- 2.8 SD) 0t010.8 145 (+/- 83 SD)
10692 11/16/2004 4650.0 (+/- 1400.5 SD) 5.0t05674.4 337.1 (/- 250.5 SD) 1.0t0939.0 3.0 (+/- 2.6 SD) 0to11.9 162 (+/- 94 SD)
10693 6/17/2005 19.1 (+/- 12.1 SD) 0.1t0 624 19.4 (+/- 38.4 SD) 01t0293.0 3.7(+/-3.0 SD) 0to12.3 138 (+/- 86 SD)
10401b 6/17/2005 24.5 (+/- 13.6 SD) 0.1t 71.0 25.0 (+/- 24.0 SD) 0t099.0  3.8(+/-2.9SD) 0to11.4 143 (+/- 84 SD)
11993 8/30/2005 21.7 (+/- 19.5 SD) 0.7t097.3 13.9 (+/- 18.5 SD) 0to 118 3.3 (+/-3.1 SD) 004to11.5 144 (+/- 86 SD)
11585 8/30/2005 15.7 (+/- 11.2 SD) 0.1t031.1 11.7 (/- 12.6 SD) 0to 58.0 23(#/1258D) 0.06t0 9.7 161 (+/- 3.0 SD)
10378b** 11/1/2005 1139.0 (+/- 1561.9 SD)  0.12 to 4869.0 95.3 (+/- 122.8 SD) 0to 572 3.2(+/-328SD) 0to 14.3 152 (+/- 84 SD)
* Kemp’s ridley sea turtle

** Mature adult male loggerhead
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higher than average salinities and blue crab (Callinectes sapidus) abundances in the upper
York River. One Kemp’s exhibited significantly directed movement south, traveling
along the Atlantic coastline to southeast Florida before transmissions ceased along the
coast of southeast Florida. AVHRR sea temperature data were only available for two of
these tracks and these turtles were found to remain within temperatures ranging between
15.8° C and 30.4° C (Table 2.8).

Mean travel speeds for the loggerheads tracked by satellite ranged between 2.3
km/hr (+/— 2.5 km/hr SD) and 4.2 km/hr (+/- 3.6 km/hr). Tracks ranged within mean
depths of 15.7 m (+/- 11.2 m SD) to 4650.0 m (+/- 1400.5 m SD), and turtles remained,
on average, between 11.7 km (+/—. 12.6 km SD) to 337.1 (+/- 250.5 km SD) from the

vnearest shore (Table 2.7). Five of these turtles spent time within the Chesapeake Bay
post-release and six remained with Virginia waters south to Cape Hatteras. One turtle
established post-release foraging habitat off of the Eastern Shore of Virginia and
Maryland. Seven turtles established over-wintering habitat south of Cape Hatteras,
between the North Carolina shoreline and the outer continental shelf and Gulf Stream.
Two turtles over-wintering south of Cape Hatteras connected with the Gulf Stream,
following it to the northern Mid-Atlantic where they ‘remained for up to two years. Two
turtles, one juvenile Kemp’s ridley and an adult male loggerhead, were observed to travel
aleng the Atlantic coast as far south as Georgia or Florida immediately post-release. The
male loggerhead traveled as far as Georgia before entering the Gulf Stream and returning
to waters offshore of Virginia. All turtles were found to remain within mean surface
water temperatures ranging between 19.1° C and 26.2° C (Table 2.8). With the exception

of the adult male loggerhead and one juvenile Kemp’s ridley, most turtles remained in
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Table 2.8 Mean SST and ranges derived in STAT (Coyne and Godley 2005) from
satellite movement data, 2001 to 2005.

Release Mean Temperature
Track ID Date Temperature (°C) Range °C)
01234 9/13/2001 n/a n/a
192* 6/4/2002 n/a n/a
10401* 6/15/2003 257 (+/- 1.0 SD) 24.2t027.6
137 7/15/2003 20.2 (+/- 3.5 SD) 6.9t028.5
205 7/17/2003 26.2 (+/- 0.1 SD) 25.91025.7
138* 7/31/2003  25.8 (+/- 0.1 SD) 25.9025.7
168* 8/14/2003 23.7 (+/- 3.4 SD) 15.8t030.4
41335 10/22/2003 19.7 (+/- 2.6 SD) 16.3t026.9
41336 10/22/2003 19.1 (+/- 2.6 SD) 16.3t026.9
10378 6/10/2004 19.5 (+/- 4.0 SD) 9.01t026.8
10692 11/16/2004  22.3 (+/- 3.8 SD) 13.1t029.0
10693 6/17/2005 223 (+/-4.1 SD) 15.7t029.3
10401b 6/17/2005 23.0 (+/- 3.8 SD) 14.3 to 28.7
11993 8/30/2005 22.0 (+/- 3.0 SD) 15.6t027.2
11585 8/30/2005 22.7 (+/- 2.6 SD) 18.7t0 26.4
10378b** 11/1/2005 20.0 (+/-2.9 SD) 14.51025.0
* Kemp’s ridley sea turtle

** Mature adult male loggerhead

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



39

Virginia or North Carolina’s waters during all or a significant portion of their track.
Among the turtles satellite tracked in 2005, the average percent time turtles spent at the
surface ranged between 4.1 % (+/- 3.9% SD) to 7.6% (+/- 5.3% SD) for turtles that
remained in waters between the Chesapeake Bay, Virginia and Cape Hatteras, North
Carolina. One turtle (#10378b) immediately migrated south upon release, only to follow
the Gulf Stream north again late December. This turtle spent an average of 9.5% (+/-
8.5% SD) at the surface. Among all turtles tracked in 2005, maximum surface times per
24-hour period ranged as high as 50.6%.

Details of each individual track are listed below. Turtles were obtained from
cooperative pound net fishermen in the western Chesapeake Bay (Potomac River or
Newpoint Comfort) or relocation trawlers unless otherwise noted as a rehabilitated

animal. All rehabilitated turtles were obtained from the Virginia Aquarium and Stranding

Program.

2001: Satellite Tag ID# 0123
Loggerhead (juvenile)

Turtle #01234 (XXF779) was originally captured by relocation trawler in the
lower Chesapeake Bay near Thimble Shoals (36.958N; -76.047W). This turtle was
released on September 13, 2001 approximately 6.5 km offshore of Virginia Beach.
Transmissions from the satellite tag lasted only 40 days. Throughout the entire track
period, the turtle remained offshore of the Outer Banks, between the Virginia/North
Carolina border and Cape Hatteras (Figure 2.1), but did not exhibit significant site

fidelity to this area. This turtle also did not exhibit a significantly directed movement
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Figure 2.1  Satellite tracks of juvenile loggerhead (Turtle #01234),
September 13 to October 23, 2001.
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pattern. Turtle #01234’s tracks ranged within depths of 1.1 m to 48.7 m, with a mean
depth of 28.4 m (+/-~ 9.9 SD). This turtle ranged up to 183.0 km from the nearest
shoreline, averaging a distance of 33.3 km (+/- 37.4 SD) offshore. Mean speed between
locations was 3.6 km/hr (+/- 3.1 SD) and mean bearing was 184° (+/- 96° SD; rounded to

the nearest degree) (Table 2.2). No temperature data were available for this track.

2002: Radio/Sonic Tag ID #198
Loggerhead (juvenile)

Turtle #198 (XXF794) was released May 23, 2002 in 9.4 m of water in the York
River Entrance Channel near the mouth of the York River. The turtle was released on an
ebb tide and swam with the current, along the York River Channel, adjacent to Poquoson
Flats (Figure 2.2). With the change in tide after sunset, the turtle remained within the flats
until track was broken. Tracking was aborted approximately eight hours after release due
to high seas and winds. Follow-up tracking the next two days for this turtle was
unsuccessful. At the time of release, surface temperatures were 18.3° C, and bottom
temperatures were 17.9° C (Figure 2). This turtle was tracked with an H antenna, ‘which
proved inadequate for receiving consistent surfacing data, therefore respiratory behavior

could not be quantified.

2002: Radio/Sonic Tag ID #199
Loggerhead (juvenile, cold-stun rehabilitated turtle)
Turtle #199 originally stranded in early January 2002 on Virginia Beach due to

cold-stunning. After rehabilitation, Turtle #199 was released May 28, 2002 within the
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Figure 2.2  Turtle #198 tracked from the mouth of the York River, May 23,
2002. NOAA Chart 12221 1.
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Chesapeake Channel on the ocean side of the CBBT into 9.8 m of water. This turtle
swam in a large circuit that, after approximately 10 hours of tracking, brought it back in
the same vicinity of its release location (Figure 2.3). Track was broken due to high seas
and winds after approximately 8.5 hours. When last observed, the turtle was heading
towards the CBBT andvinto the Bay. This turtle did not exhibit signiﬁéantly directed
movement, however, this is most likely due to a travel path that appeared to have been
influenced by tidal direction (Figure 2.3).

When Turtle #199 was released, surface temperatures were approximately 22.5°
C, with bottom temperatures of 19.1° C. The mean time spent at the surface was 32
seconds (+/- 0:00:51 SD) during the day and 57 seconds (+/- 0:00:39 SD) at night. Mean
dive time was 0:06:57 (+/- 0:07:32 SD) during the day and 0:04:15 (+/-0:02:52 SD) at
night (Table 2.2). During both day and night, minimum surface times were six seconds
(or one transmission from the radio tag). Maximum transmissions were 0:06:00 during
the day and 0:01:50 at night. Minimum dive times were 14 seconds during the day, 15
seconds at night. Maximum dive times were 0:40:23 during the day and 0:08:00 at night
(Table 2.2). Peak surfacing times were associated with sunset. This turtle was only
tfacked for a few hours after sunset, so the sample size for nighttime respiratory behavior
is small. The percent time this turtle spent at the surface, based on the ratio of surface to

submergence times was 7.7% (Table 2.3).

2002: Radio/Sonic Tag ID #192; Satellite Tag #01234
Kemp’s ridley (large juvenile)
Turtle #192 (XXF767) was released June 4, 2002 in 7.3 m of water on the ocean

side of the CBBT, mouth if the Bay. Shortly after release, seas picked up to 1-1.5 m and
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approximately two hours after release, track was broken with turtle in order to secure a
calm anchorage for radio monitoring in the lee of the CBBT near the Thimble Shoal
channel. The turtle was picked up by radio receiver three hours later, indicating that the
turtle was slowly moving up the shipping channel and through the CBBT channel
opening, against an ebbing tide. Surfacing events were monitored continuously for
approximately three hours until weather and tidal conditions required that the tracking
trip be aborted. The long-term movements of this turtle were monitored remotely via
satellite transmitter. The week following release, the turtle swam northwest to Mobjack
Bay where it remained until mid-July, foraging along the shoreline near the mouths of the
Waré, North and Severn rivers (Figure 2.4). Mid-July through the end of August when
transmissions ceased, this turtle remained in the center of the Chesapeake Bay adjacent to
Smith and South Marsh Islands (Figure 2.4).

At the time this turtle was released, surface temperatures were 22.1° C, and
bottom temperatures were 20.0° C. No nighttime respiratory data are available for this
turtle due to the shortened sampling period. Mean surface time during the day was
0:01:26 (+/-0:01:49 SD), and mean daytime dive time was 0:03:08 (+/-0:03:05 SD), with
an increase in surfacing events observed during the time that the turtle was tracked
passing through the CBBT. Minimum surface and dive times were six and ten seconds
respectively; maximum surface and dive times were 0:07:34 and 0:12:47 (Table 2.2).
Maximum surfacing time occurred while this turtle was passing through the CBBT. The
percent time this turtle spent at the surface, based on the ratio of surface to submergence
times was 45.7%, however the turtle was inconsistently tracked over an & hour period

(Table 2.3).
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The observed track for this turtle was more constrained than random movements
and it exhibited fidelity to both the Mobjack Bay early in its track, and the region near the
center of the Chesapeake Bay adjacent to Smith and South Marsh Islands (p<0.01; r=
0.01). There was no significant travel direction associated with this track. Mean travel
speed was 3.0 km/hr (+/- 3.0 km/hr SD). This turtle ranged p to 13.0 km from shore,
averaging 34.1 km (+/- 3.2 km SD) from the nearest shoreline. Mean depfh associated
with the turtle’s locations was 6.3 m (+/- 5.4 m SD) (Table 2.7). Mean bearings between
locations was 177° (+/- 103° SD). Kernel home range analysis of indicated that the
primary home range for this turtle was adjacent to Smith kland near the mouth of the
Potomac River,‘ with a secondary home range found within Mobjack Bay near the mouth
of the North River. Kernel analyses of each concentrated (50%) home range resulted in
an area of 296.0 kn? for the primary home range and an area of 131.6 knf for the
secondary home range. The area within which this turtle was likely to be found (95%
probability Kernel contour) included an area spanning 2,660.8 km’, representing 1,652.3

kn?® within the primary range and 1,008.5 kn within the secondary range (Figure 2.5).

2002: Radio/Sonic Tag ID #142
Loggerhead (juvenile, cold-stun rehabilitated turtle)

Turtle #142 (XXT523) stranded on Virginia Beach early January 2002 due to
cold-stunning. After rehabilitation, this turtle was released June 11, 2002 south of the
Chesapeake Channel and just north of the Thimble Shoals Channel on the ocean side of

the CBBT. The turtle was released into 7.3 m of water on an ebb tide. Post-releasé, it
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swam southeast within the Thimble Shoals Channel, past Cape Henry, then almost
directly south later in the day with a flood tide (Figure 2.6). The track was broken due to
high seas and winds after 12 hours. The turtle was last observed east of Rudee Inlet,
heading slightly offshore and to the southeast (Figure 2.6).

This turtle exhibited significantly directed movement (z=27.0; n=85; r=0.64)
throughout her entire track, with a mean bearing of 130° (+/- 54° SD). On release, sea
surface temperatures were 22.8° C. Bottom temperatures ranged between 20.9° and 21.0°
C. The mean time spent at the surface was 23 seconds (+/- 0:00:23 SD) during the day
and 53 seconds (+/- 0:00:35 SD) at night. Mean dive time was 0:03:01 (+/- 0:02:41 SD)
during the day and 0:04:30 (+/-0:02:33 SD) at night. During both the day and night,
minimum surface times were six seconds (or one transmission from the radio tag);
maximum transmissions were 0:02:15 during the day, 0:02:28 at night. Minimum dive
times were 14 seconds during the day, eight seconds at night. Maximum dive times were
0:16:33 during the day and 0:11:55 at night (Table 2.2). The longest surfacing events for
Turtle #142 occurred approximately ten minutes prior to, and after sunset. This turtle was
only tracked for a few hours after sunset, so the sample size for nighttime respiratory
behavior is small. During the 12-hour track, this turtle spent 12.7% of its time at the

surface (Table 2.3).

2002: Radio/Sonic Tag ID #165
Loggerhead (juvenile)
Turtle #165 (XXF775) was released June 17, 2002 just south of the Chesapeake

Channel on the ocean side of the CBBT into 8.5 m of water. This turtle was released with
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an ebb tide and swam south until the tide turned, after which it swam north along the
Chesapeake Channel, under the CBBT and into the Bay. Once under the CBBT, with the
tide ebbing, the turtle swam southeast and east until the tide flooded again. After which
the turtle moved northward again (Figure 2.7). Track was broken on June 18, 24 hours
after release of the turtle.

This turtle exhibited significantly directed movement (z=6.1; n=133; r=0.24)
throughout her entire track, particularly with the flood tide (Figure 2.7). A mean bearing
of 322° (+/- 96° SD) was observed. At the time of release, surface temperatures were
approximately 23.2° C, and bottom temperatures were 22.9° C. The mean time spent at
the surface was 24 seconds (+/~ 0:00:30) during the day and 54 seconds (+/- 0:01:12) at
night. Mean dive time was 0:03:17 (+/~ 0:04:14) during the day and 0:05:30 (+/-0:08:10)
at night. During both the day and night, minimum surface times were six seconds (or one
transmfssion from the radio tag) and maximum transmissions were 0:04:44 during the
day, 0:07:50 at night. Minimum dive times were six seconds during the day and night.
Maximum dive times were 0:26:05 during the day and 0:28:15 at night (Table 2.2). Peak
surfacing events occurred when the turtle passed under the CBET, and15 to 20 minutes
prior to during and after sunrise (Figure 2.8). This turtle spent 12.2% of its track time at

| the surface (Table 2.3).

2002: Radio/Sonic Tag ID #167
Loggerhead (juvenile)
Turtle #167 (XXF771) was released June 24, 2002 just north of Thimble Shoals

Channel on the ocean side of the CBBT (Figure 2.9). It was released into 7.6 m of water
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with a flood tide. This turtle immediately swam east under the CBBT along the northern
edge of the Channel (Figure 2.9). During the nighttime hours and an ebb tide, the turtle
remained relatively stationary until the tide changed and moming arrived, after which it
continued swimming north to northeast (Figure 2.9). Track was broken on June 25, 18
hours after release of the turtle.

This turtle exhibited significantly directed movement (z=5.0; n=34; r=0.41)
throughout her entire track, particularly with the flood tide (Figure 2.9). A mean bearing
of 316° (+/- 77° SD) was recorded. When Turtle # 167 was released, surface temperatures
were 25.4° C, and bottom temperatures were 24.8° C. The mean time spent at the surface
was 29 seconds (+/- 0:00:39) during the day and 56 seconds (+/- 0:00:55) at night. Mean
dive time was 0:06:50 (+/~ 0:08:27) during the day and 0:08:33 (+/-0:07:40) at night.
During both the day and night, minimum surface times were six seconds (or one
transmission from the radio tag) and maximum transmissions were 0:03:12 during the
day, 0:05:23 at night. Minimum dive times were six seconds during the day and night.
Maximum dive times were 0:39:31 during the day and 0:29:39 at night (Table 2.2). Peak
surfacing events occurred within 15 to 20 minutes of sunrise (Figure 2.10). This turtle

spent 7.1% of its time at the surface (Table 2.3).

Radio/Sonic Tag ID #211
Loggerhead (adult)

Turtle #211 (SSB919) was released on July 16, 2002. Ultrasound tests of this
turtle confirmed its sex as female. This turtle’s weight and size prohibited safe transfer to

and from the tracking vessel for an in-water release, thus was released from the VIMS
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beach upriver from the Coleman Bridge in the York River. This turtle initially swam with
the ebbing tide under the Coleman Bridge until the tide turned and she swam with the
flooding tide back under the Bridge towards the US Naval Weapons Station (Figure
2.11). When the tide turned again, she followed the ebbing tide out under the Bridge a
third time, along the York River Channel. With the nighttime flood tide, she remained in
the middle of the River, within the Channel until the tide changed again 1n the early
morning and she followed it down river. Track was broken July 17, 24 hours post-release.
The turtle was last seen swimming against a flood tide towards the mouth of the York |
River. This turtle was recaptured in the mouth of the Potomac River ten days later in the
same pound net she was captured in originally. She was captured one more time within
the same pound net late summer.

This turtle exhibited significantly directed movement (z=11.3; n=180; r=0.32)
throughout her entire track (Figure 2.9). She maintained a m:aﬁ bearing of 94° (+/- 87°
SD). At the time of release, surface temperatures were 25.4° C, and bottom temperatures
were 26.6° C near the VIMS beach adjacent to the Coleman Bridge. These temperatures
increased with depth (25.0° C to 27.3° C), unlike all other profiles taken in 2002. The
mean time spent at the surface was 8 seconds (+/~ 0:00:07) during the day and 19 seconds
(+/- 0:00:31) at night. Mean dive time was 0:04:53 (+/- 0:05:46) during the day and
0:09:55 (+/-0:09:00) at night. During both the day and night, minimum surface times
were six seconds (or one transmission from the radio tag) and maximum transmissions
were 0:01:17 during the day, 0:03:07 at night. Minimum dive times were six seconds
during the day, seven seconds at night. Maximum dive times were 0:38:05 during the day

and 0:32:49 at night (Table 2.2). The longest period this turtle spent at the surface during
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the day was at sunset (0:01:17). The percent time this turtle spent at the surface, based on

the ratio of surface to submergence times was 2.7% (Table 2.3).

2003: Satellite Tag ID #10401
Kemp’s ridley (juvenile):

Turtle #10401 (XXN292) was released on June 18, 2003 from the VIMS béach in
the York River. The first few days post-release, the turtle remained in the vicinity of the
VIMS beach and the Coleman Bridge before moving upriver. For the duration of its
track, this turtle remained in the upper York River between the Poropotank River and
West Point at the junction of the Mattaponi and Pamunkey Rivers (Figure 2.12). There
was no significant travel direction associated with this turtle’s track, however, movement '
vectors corresponded with prevailing tidal currents in the River. Mean travel speed was
1.6 km/hr (+/~ 2.7 km/hr SD). This turtle ranged up to 2.0 km from shore, averaging 0.4
km (+/- 0.6 km SD) from the nearest shoreline. Mean depth associated with the turtle’s
locations was 2.5 m (+/- 3.2 m SD) (Table 2.7). Mean bearing was 251° (+/- 156° SD)
and mean temperature associated with this track was 25.7° C (+/- 1.0 C° SD) (Table 2.8).
The standard deviation of the mean bearing reflected the opposing vectors associated
with the tidal currents in the York River. The turtle’s movements were constrained by the
shape of the York River and despite remaining within a relatively discrete region of the
upper York, movements up and down river with the tides resulted in statistically

insignificant fidelity to any particular region.
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2003: Radio/Sonic Tag ID #197
Kemp’s ridley (juvenile):

Turtle #197 was released June 16, 2003 in 6.1 m of water on the eastern Bay side
of the CBBT. The turtle was released on a flood tide in one-foot seas off of Latimer
Shoals. For the duration of the track, the turtle remained within approximately one mile
of its release site (Figure 2.13). Tracking was aborted approximately four hours after
release due to sustained high seas and winds. The turtle was consistently tracked for two
of those four hours. Follow-up tracking for this turtle was unsuccessful.

At the time of releasé, surface temperatures were 20.8° C, and bottom
temperatures were 19.3° C. The mean surfacing time for this turtle was 0:00:09 (+/-
0:00:05 SD). The mean dive period was 0:01:42 (+/- 0:01:39). Minimum surfacing time
was 0:00:06; maximum surfacing time was 0:00:24. Minimum dive time was 0:00:06;
maximum dive time was 0:09:27. During the successful two hour track post-release, this
turtle’s radio signal could be heard (indicating that it was within the top meter of water)

7.2% of the time tracked (Table 2.3).

2003: Radio/Sonic Tag #137; Satellite Tag #11583
Loggerhead (juvenile):

Turtle #137 (XXF731) was released July 15, 2003 within the Chesapeake Channel
on the ocean side of the CBBT. The turtle was released intd 9.8 m of water. This turtle
initially swam southeast towards Cape Henry with the ebb tide. Once theitide changed,
the turtle swam north northwest through the Chesapeake Channel with the flooding tide

(Figure 2.14), only to head southwest again with the subsequent ebb tide. When last
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observed after a 24-hour track, the turtle was heading back towards the CBBT via the
Chesapeake Channel with the flood tide. These movements, corresponding to the
~ direction in tidal flow, did not result in statistically significant directional movement.

When Turtle #137 was released, surface temperatures were 23.9° C, and bottom
temperatures were 18.2° C. After sunset and with the rise of the (close-to) full moon, this
tultie spent almost the entire nighttime hours within the first meter or two of water. The
mean time spent at the surface was 46 eeconds 8D +/- 0:04:02) during the day and
0:13:50 (+/- 0:38:41) at night. Mean dive time was 0:05:42 (+/~ 0:08:47) during the day
and 0:05:31 (+/-0:04:56) at night (Table 2.4). During both the day and night, minimum
surface times were six seconds (or one transmission from the radio tag) and maximum
length of transmission was 0:42:45 during the day, 2:40:45 at night. Minimum dive times
were 6 seconds during the day and night; maximum dive times were 0:44:31 during the
‘day and 0:16:28 at night (Table 2.4). During the 13-hour track, this turtle’s radio signal
could be heard (indicating that it was within the top meter of water) 36.45% of the time
(Table 2.3).

Based on acoustic data, the average depth this turtle could be found was 5.67
“meters (+/~ 3.28) (Figure 2.15), however reception of acoustic data was limited during the
night due to high seas limiting the range of acoustic tag reception. As a result, the
prolonged nighttime surfacing event for this turtle is not reflected in the acoustic depth
average. The average temperature was 18.8° C (+/-2.28), with the majority of the acoustic
temperature data ranging between 16° C and 19° C (Figure 2.16).

The satellite tracks of this turtle have provided over two and a half years of data.

As of January 31, 2006, this turtle’s satellite tag is still transmitting. After its release and
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subsequent radio/acoustic track, this turtle established residency near the mouth of the
Potomac River in the upper Virginia portion of the Chesapeake Bay. This turtle exhibited
significant fidelity to this region (p<0.002; #= 0.02) (Figure 2.17). Kernel home range
analysis indicates that the primary foraging home range for this turtle occurred in the
waters south of Smith Point and the Potomac River along the western shore of the
Chesapeake Bay, represented by the 50% Kernel probability contour (Figure 2.18). The
50% Kemnel represented an area of 87.1 square kilometers. The area within which this
turtle was likely to be found (95% probability Kernel contour) included an area spanning
1,042.0 square kilometers (Figure 2.18).

The first week in October 2003 the turtle swam out of the Bay mouth, remaining
just offshore of the lower Eastern Shore until the first week in November when it began
its southern migration to its over-wintering habitat off of the North Carolina coast. The
turtle over-wintered south of Cape Hatteras, offshqre near the edge of the continental
shelf and in the western edge of the Guif Stream. Site fidelity tests indicated significant
fidelity to this habitat (p<0.04; =0.04). Mid-March, 2004, the turtle swam north with the
Gulf Stream, remaining with current as it continued towards the north-Atlantic. The turtle
has remained in the north Atlantic gyre south of the Grand Banks for approximately two
years (Figures 2.19 and 2.21).

Satellite telemetry locations overlaid on AVHRR SST datasets from the NOAA
NESDIS archives indicate that the turtle remained within a SST range of 11° C to 28° C
and a mean SST of 20.0° C (+/- 3.5° C SD) (Figure 2.20). Sea surface temperatures
during the turtle’s migration to its over-wintering habitat were between 15° C and 20° C.

Mean travel speed has been 3.8 km/hr (+/- 3.8 km/hr SD). This turtle has ranged up to

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



‘uoissiwgad 1noypum pauqiyosd uononpolidas Jayung “Jaumo 1ybuAdoo ayy Jo uoissiwiad yum pasonpoldey

-}
El
L
Ej
g8
(through 1/18/04) .
B
2 0 D 40 Mes 1 ' 10 Miles
= & = = = . =
Figure 2.17 Initial satellite tracks of turtle #137 from Figure 2.18 Kerne.:I home range analysis of turtle #137°s
July 15, 2003 to January 18, 2004. satellite tracks while resident in the Chesapeake

Bay July 15 to the first week in October, 2003.



‘uoissiwgad 1noypum pauqiyosd uononpolidas Jayung “Jaumo 1ybuAdoo ayy Jo uoissiwiad yum pasonpoldey

L 133 266 399 5% 655 798 a3
Days at | arge

4300

Distance Traveled: 30801 km Stralghl-Ene Distance: 2601 km

10 5 20 25 30 35
GOES Sea Surface Temperature

Figure 2.19  Satellite tracks of turtle #137 from July 15, 2003 to
January 30, 2006.

AVHRR SST

& 9 11°12 13 14 15 16 17 18 19 2021 22 23 24 25 26 27 28

AYHRR Sea Surface Temperature (L3

Figure 2.20 Frequency (N) of satellite telemetry locations
for turtle # 137 associated with AVHRR SST.
Generated in STAT (Coyne and Godley 2005).




'(500T A9pon) pue suko)) LV.LS Ul Pajesouss
IoAe[ INOJUOD JLOWAY)R] [BUOCISUSWIIP-09XY} U0 Panofd £ ¢ # [HN JO SYoBN) MN[ABS  [T°7 9InSLf

SEEZZZITA1 89080 | DOECO0EZ Uy D00C PIN S

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



69

980.0 km from shore, averaging 461.6 km (+/- 265.2 km SD) from the nearest shoreline.
Mean depth associated with the turtle’s locations has been 3857.5 m (+/- 1675.1 m SD)

(Table 2.7).

2003: Radio/Sonic Tag #205; Satellite Tag #11993
Loggerhead (juvenile, cold-stun rehabilitated turtle)

In early December 2005, Turtle #205 (XXT517) was found stranded from cold-
stunning near Barnstable MA. This turtle was rehabilitated at the New England Aquarium
and Virginia Aquarium and Stranding program prior to release on July 17, 2003. The
turtle was released in 7.6 mof water on the ocean side of the CBBT, in the mouth if the
Chesapeake Bay. From the point of release, the turtle swam north into the Chesapeake
Bay Channel, parallel to and just east of the CBBT as the tide flooded (Figure 2.22). With
the change in tide, the turtle moved with the ebb flow eastward to the Chesapeake Bay
Light Tower where it remained through the night hours. The track was broken after 13
hours due to heavy fog and a high level of shipping traffic. At the time this turtle was
released, surface temperatures were 23.7° C, and bottom temperatures were 21.6° C. At
the Chesapeake Bay Light Tower, surface temperatures were 24.5° C, however, bottom
temperatures were 11.7° C (data courtesy of the VIMS Longline Survey).

This turtle exhibited éigniﬁcantly directed movement (z=11.7; n=153; r=0.3)
during its radio/acoustic track. Mean surface time during the day was 0:00:28 (+/-
0:00:29), and mean daytime dive time was 0:03:57 (+/-0:4:06). Minimum daytime
surface and dive times were six seconds; maximum daytime surface and dive times were

0:02:00 and 0:23:34 respectively (Table 2.4). Mean nighttime surface time was 0:01:01
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(+/-0:00:45); mean nighttime dive duration was 0:06:19 (+/-0:05:26). Minimum
nighttime surface and dive times were six and eleven seconds respectively; maximum
daytime surface and dive times were 0:02:45 and 0:20:56 (Table 2.4). During the 24-hour
track, this turtle remained within the top meter of water 13.46% of the time (Table 2.3).

- This turtle spent a significant period of track time within the shipping channels
outside of the Bay mouth. As a result, the acoustic track had to be broken fequently to
make way for military and commercial traffic. Sample size of depth data was minimal.
The mean temperature recorded by the acoustic tag was 17.4° C (+/-0.89° C SD).
Unfortunately, the long-term movements of this turtle could only be monitored remotely
for approximately two weeks post-release due to failure of the satellite tag. The few days
following release, the turtle remained in the entrance of the Chesapeake Bay, near the
Chesapeake Bay Light Tower, after which it traveled south along the Outer Banks and
Cape Hatteras. The last transmissions were received on July 30, 2003 offshore of Cape
Hatteras (Figure 2.23). This track did not result in significant site fidelity or significance
in travel direction. During its two-week track, the turtle remained within a SST range of
24° C to 29° C and a mean SST of 26.2° C (+/- 0.1° C SD) (Figure 2.24). Mean travel
speed was 2.9 km/hr (+/- 4.2 km/hr SD). This turtle ranged up to 90.0 km from shore,
averaging 7.7.6 km (+/- 13.5 km SD), and mean depth associated with the turtle’s

locations was 56.5 m (+/- 281.6 m SD) (Table 2.7).
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2003: Radio/Sonic Tag #138; Satellite Tag #11585
Kemp’s ridley (iuvenile, rehabilitated turtle)

Turtle #138 was hooked in its left front flipper by a fisherman off of the Little
Island Fishing Pier in Virginia Beach. After rehabilitation, this turtle was released on July
31, 2003 south of the Chesapeake Channel and just north of the Thimble Shoals Channel
on the ocean side of the CBBT. The turtle was released in 7.9 m of water. Turtle #138
was released on an ebb tide and initially moved with the tidal flow during the first two
tidal periods, remaining just east of the CBBT and along the northern edge of the
Thimble Shoals Channel and finally moving in to the Chesapeake Bay towards the end of
the first flood tide (Figure 2.25). With the change back to ebb, the turtle exhibited
directed movement (z=24.6; n=104; r=0.5) against the tide approximately due west,
remaining on this course through the remainder of the 24-hour track. The turtle was last
observed near the northern edge of the James River mouth. At the time of release, sea
surface temperatures were approximately 22.6° C and bottom temperatures were 18.2° C.
The mean time spent at the surface during the day was 54 seconds (+/- 0:00:52) and
100:01:14 (+/- 0:00:55) at night. Mean dive time was 0:03:44 (+/- 0:03:23) during the day
and 0:08:37 (+/-0:04:08) at night (Table 2.4). During both the day and night, minimum
surface times were six and seven seconds respéctively, and maximum transmissions were
0:04:41 during the day, 0:06:22 at night. Minimum dive times were eight seconds during
the day, 0:01:40 at night. Maximum dive times were 0:15:23 during the day and 0:23:29
at night (Table 2.4). This turtle spent 16.5% of its track time at the surface (Table 2.3).
Based on acoustic data, the average depth this turtle could be found was 5.53 meters (+/-

3.03). The turtle spent more time in deeper waters (6 to 8 m) during the day than at night
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(4 to 6 m) (Figure 2.26). The average temperature where the turtle was found was 21.42°
C (#/-2.27° C SD), reflecting the time the turtle spent in the warmer surface layer of
water (Figure 2.27). The majority of the acoustic temperature data ranged between 16° C
and 26° C, with a nighttime preference for temperatures between 23° C and 25° C (Figure
2.27).

rThe satellite tag attached to this turtle ceased transmitting after approximately one
week due to probable tag failure. The recorded location for this turtle was in the mouth of
the York River on August 8, 2003 (Figure 2.28). This track did not result in significant
site fidelity or significance in travel direction. During its one-week track, the turtle
remained within a SST range of 22° C to 25° C and a mean SST of 25.8° C (+/~ 0.1°C
SD) (Figure 2.29). Mean travel speed was 1.6 km/hr (+/- 2.9 km/hr SD). This turtle
ranged up to 11.0 km from shore, averaging 4.4 km (+/- 3.2 km SD), and mean depth

associated with the turtle’s locations was 6.3 m (+/- 4.7 m SD) (Table 2.7).

2003: Radio/Sonic Tag #168
Kemp’s ridley (juvenile, cold-stun rehabilitated turtle)

Turtle #168 originally stranded outside of Barstable, MA in November 2000 due
to cold stunning. At the time of stranding, this turtle was approximately 27 cm curved
carapace length (CCL). After initial treatment at the New England Aquarium, Turtle #168
was transferred to the Columbus Zoo for long-term rehabilitation. In 2003, this turtle was
transferred to the Virginia Aquarium and Stranding Program’s facilities in Virginia
Beach, Virginia. Turtle #168 was released August 14, 2003 just south of the Chesapeake

Channel on the ocean side of the CBBT (Figure 2.30). At this time, Turtle #168 grew to
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50 cm CCL. The turtle was released into 7.6 m of water on an ebb tide. Upon release, the
turtle exhibited directed movement (z=45.8; n=137; r’=0.6), with and against the
prevailing tidal flow, east and southeast Qut of the Bay mouth then south parallel to the
Virginia Beach shoreline (Figure‘2.30). After a 24-hour track, the turtle was last observed
due east of Rudee Inlet.
At the release location, surface temperatures were 24.4° C, and bottom temperatures were
19.8° C. However, as the turtle moved south along the oceaﬁﬁont, vertical ‘sea
temperature profiles became more stratified due to a coastal upwelling event. Towards
the end of the track, surface temperatures were approximately 21.9° C and bottom
temperatures were 10.4° C The mean time spent at the surface was 0:07:32 (+/- 0:11:26)
during the day and 0:12:03 (+/~ 0:03:21) at night. Mean dive time was 0:05:10 (+/-
0:06:20) during the day and 0:18:01 (+/-0:07:34) at night (Table 2.4). During the day and
night, minimum surface times were five seconds and 0:06:34 respectively. Maximum
duration of transmissions was 1:09:44 during the day, 0:18:11 at night. Minimum dive
times were five and six seconds during the day and night. Maximum dive times were
0:23:00 during the day and 0:23:46 at night (Table 2.4). This turtle spent 49.19% of its
time at the surface (Table 2.3).

Acoustic data indicated that the average depth this turtle could be found was 6.0
m (+/- 5.82m SD). Unlike Turtle #138, this turtle spent more time in deeper waters (11 to
15 m) during the night than during the day (7 to 8 m) (Figure 2.31). This may be an
artifact of the turtle’s movement into deeper shipping channels at night. The average
temperature along the turtle’s dive path was 19.9° C (+/-5.82° C SD). For the last two-

thirds of this turtle’s track, it was located in an area of coastal upwelling with a 19°C
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thermocline occurring three meters below the surface of the water column. The acoustic
temperature data ranged between 10° C and 32° C, though the higher end of this range
may in part be due to the sonic tag being exposed to air and sunlight. During the night,
the turtle spent the majority of its time either within the top three meters of surface waters
in temperatures ranging betweén 23° and 26° C, or within the bottom few meters in
temperatures ranging between 11° C and 15° C (Figure 2.32).

The satellite track of this animal continued through July 4, 2004. Immediately
post-release, this turtle exhibited directed movement (z=12.4; n=123; r=0.3) south along
the Atlantic coastline until approximately mid-January 2004 when it reached the waters
off of central Florida where it remained until July 2004 (Figure 2.33). Mean SST for this
track was 23.7° C (+/- 3.4° C SD) and SSTs ranged between 15° C and 30° C (Table 2.8
and Figure 2.34). Mean travel speed was 2.3 kmv/hr (+/-~ 3.1 kmvhr SD) and the turtle
remained an average 15.4 km (+/- 20.4 km SD) from shore during its entire migration
south (Table 2.7). Average depths encountered by the turtle were 15.4 m (+/~ 14.0 km
SD), ranging up to 109.0 m(Table 2.7). Average direction of travel was 147° (+/- 85°

SD).

2003: Satellite Tag #41335
Loggerhead (juvenile, rehabilitated turtle)

In August 2003, Turtle #41335 (XXT526) stranded off of Virginia's Eastern
Shore. This turtle was discovered floating and unable to dive. Turtle #41335 was released
after rehabilitation on October 22, 2003 from Back Bay National Wildlife Refuge. For

the first week after release, the turtle remained off of the southern Virginia coastline,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



‘uoissiwgad 1noypum pauqiyosd uononpolidas Jayung “Jaumo 1ybuAdoo ayy Jo uoissiwiad yum pasonpoldey

0 99 198 297 396 495 594 693
Days at Large

[ X18 2005 A4 6 03:11:30%) :
Distance Traveled: 3157 km

-10000 -5000 5000 10000

0
GEBCO Topography

Figure 2.33  Satellite tracks of turtle #168 from August
18, 2003 to July 4, 2004.

AVHRR 88T

20

47948 19 20 21 22 33 24 25 26 27 28 29 30
AVHRR Sea Surface Temperature (C)

Figure 2.34 Frequency (N) of satellite telemetry locations
for turtle #168 associated with AVHRR SST.
Generated in STAT (Coyne and Godley 2005).




&3

\moving south off of the northern North Carolina coast by the first week in November
(Figure 2.35). Tests for site fidelity and significance of movement were inconclusive. The
satellite tag ceased transmitting by November 6, 2003. During its two-week track, the
turtle remained within a SST range of 18° C to 21° (Figure 2.36). The majority of
movement occurred within waters with depths averaging 19.1 m (+/~ 6.5 m SD) (Table
2.7). This turtle ranged up to 185 km from shore, averaging 27.2 km +/- 30.8 km SD)

(Table 2.7).

2003: Satellite Tag #41336
Loggerhead (juvenile):

Turtle #41335 (QQN709) was previously flipper tagged and released after
rehabilitation in 2001 by the National Marine Fisheries Service and Topsail Marine
Turtle Hospital in North Carolina after stranding due to difficulty diving. This turtle was
recaptured in Virginia’s waters in early October, 2003 by relocation trawler operating in
the vicinity of the Thimble Shoals Dredge Operations. The turtle was transferred to the
Virginia Marine Science Museum for observation, after which it was released with a
satellite tag on October 22, 2003 from Back Bay National Wildlife Refuge. Initially, the
turtle moved just south of the Virginia/North Carolina border, then north, to an area due
east of the Chesapeake Bay mouth and southern Eastern Shore. By mid-November, the
turtle started moving south, eventually making its way to Cape Hatteras by late
November, when the tag ceased transmitting (Figure 2.37). Tests for site fidelity and
direction of movement were not significant. During the four and a half week track, the

turtle remained within a SST range of 16° C to 25° C, with a concentration of movement

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



‘uolssiwlad 1noyum paygiyold uononpoisdal saypng “Jaumo ybuAdoo ayi Jo uoissiuad yum paonpolday

3 g 12 15 18 21

Days at Large

-?S:ED‘ -?E:DD‘ -*5:40‘ -7512&' -T5:DW
 Batagind map may not be used without prior weitten consent ofdis .
\Stinky Pete . :
VINS > |

74" 40"

i

(A

37 oo

o

Sgmmn
e

)

387 40"

38t 20

36" OO
(2003118 }
kN

",

357 4¢°

-10000 7500 5000 2500 0
GEBCO Bathymetry

Figure 2.35  Satellite tracks of turtle #41135 from October 22
to November 6, 2003

AVHRR S5T

13 20 21

AYHRR Sea Surface Temperature (C)

Figure 2.36  Frequency (N) of satellite telemetry
locations for turtle #41335 associated with
AVHRR SST. Generated in STAT (Coyne
and Godley 2005).




‘uoissiwgad 1noypum pauqiyosd uononpolidas Jayung “Jaumo 1ybuAdoo ayy Jo uoissiwiad yum pasonpoldey

S S A —— e S |
0 B 12 18 24 a0 36 42
Days atLamge
-?7: 0 -TET 30 -76: o TS 3 -75'! oo —74: 300 -74° 00
YMhwiitton cansont of the :

35" 300

e )

i)

i zoo azes= Wi £ swsrny
Distance Traveled: 752 km

-7300 -5000
GEBCO Bathymetry

Figure 2.37  Satellite tracks of turtle #41136 from October 22
to November 27, 2003.

AVHRR SST

20

=
5 :
17 18 13 23 25
AVHRR Sea Surface Temperature (C)
Figure 2.38 Frequency (N) of satellite telemetry locations

for turtle #41336 associated with AVHRR
SST. Generated in STAT (Coyne and Godley
2005).




86

within 17° C to 19° C (Figure 2.38). The majority of movement occurred within waters
with depths averaging 19.1 m (+/- 6.5 m SD). This turtle ranged up to 72 km from shore,

averaging 32.2 km +/- 20.0 km SD) (Table 2.7).

2004: Radio/Sonic Tag #147; Kemp’s ridley (juvenile):

Turtle #147 (SSV626) was released June 3, 2004 in 7.9 mof water on the eastern
side of the CBBT. The turtle was released on a flood tide in one-foot seas. The turtle
initially swam east of its release location remaining in the Chesapeake Channel through
the change of the next tidal cycle. On the following flood tide, it swam northwest into the
Bay, remaining within or along the western edge of the Chesapeake Channel for the
remainder of its track (Figure 2.39). This turtle was tracked for approximately twenty
four hours and did not exhibit a significant travel direction This turtle spent 13.7% of its
time at the surface (Table 2.3).

At the time of release, surface temperatures were approximately 21.9° C, and
bottom temperatures were approximately 17.6° C. The mean daytime surfacing time for
this turtle was 0:03:47 +/- 0:07:06 standard deviation §D). The mean daytime dive
period was 0:10:53 (+/~ 0:15:13). The mean nighttime surfacing time for this turtle was
0:30:48 (+/- 0:28:00 SD) and the mean nighttime dive period was 0:05:10 (+/- 0:01:07
SD). Minimum daytime surfacing and dive times were 0:00:06; maximum daytime
surfacing time was 0:37:06. Maximum daytime dive time was 1:08:13 (Table 2.5).
During the successful twenty- four hour track, this turtle remained at the surface 13.7% of
the time (Table 2.3). Based on acoustic data, the average depth this turtle could be found

was 9.63 m (+/- 15.08 m SD) (Figure 2.40). The average temperature was 19.26° C (+/-
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3.58° C SD) (Figure 2.41). Temperature and depth ranges varied little between day and

nighttime hours.

2004: Radio/Sonic Tag #195
Kemp’s ridley (juvenile):

.\ Turtle #195 (XXF738) was released June 29, 2004 just to the east of the
Chesapeake Channel, on the Bay side of the CBBT. The turtle was released inside the
Bay due to higher seas generated by westerly winds on the ocean side of the CBBT. The
turtle was released into 8.2 m of water in an ebb tide with zero to one-foot seas. This
turtle remained on Middle Ground with the ebb tide, moving north and east into the Bay
with the flood tide. This turtle remained close to shore near Cape Charles most of the
_night (Figure 242). With sunrise, a severe thunderstorm developed and the track was
teﬁninated after approximately 14 hours. This turtle exhibited directed movement (z=4.4;
n=168; r=0.2), particularly with the flood tide, and spent 16.6% of its time at the surface
(Table 2.35.

When Turtle #195 was released, surfacé temperatures were approximately 24.4°
C, and bottom temperaﬁll;es were approximately 23.1° C. The mean time spent at the
surface was 0:01:19 (+/- 0:01:37 SD) during the day and 0:02:23 (+/- 0:05:23 SD) at
night. Mean dive time was 0:02:45 (+/~ 0:02:17) during the day and 0:04:06 (+/-0:05:46)
at night (Table 2.5). During both the day and night, minimum surface times were six
seconds (or one transmission from the radio tag); maximum length of transmissions was
0:08:08 during the day, 0:30:15 at night. Minimum dive times were 6 seconds during the
day and 12 seconds at night; maximum dive times were 0:10:59 during the day and

0:32:40 at night (Table 2.5). Based on acoustic data, the average depth this turtle could be
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found was 5.18 m (+/- 7.99 m SD) and the average temperature was 24.1° C (+/-1.26° C

SD).

2004: Radio/Sonic Tag #170
Kemp’s ridley (juvenile)

-Turtle #170 (XXF774) was released July 6, 2004 in 11.3 mof water on a flood
tide between the York Spit Channel and York River Channel This turtle was only
successfully tracked for a total of four hours due to a very strong thunderstorm with 55+

" miles an hour wind and five to six foot seas that formed late afternoon. Due to this storm,
the VIMS vessels operations required that we return to dock. For the duration of this
track, the turtle remained fairly close to its release location (Figure 2.43). At the time of
release, surface temperatures were 26.8° C, and bottom temperatures were 22.6° C. Mean
surface time during the day was 0:00:57 (+/-0:01:14), and mean daytime dive time was
0:06:08 (+/-0:11:44). Minimum daytime surface and dive times were six seconds;
maximum daytime surface and dive times were 0:06:06 and 1:00:18 respectively (Table
2.5). During the 4-hour track, this turtle spent 59.8% of the time at the surface (Table
2.3). Based on acoustic data, the average depth this turtle could be found was 5.84 m (+/-

4.49 m SD) and the average temperature was 27.1° C (+/-2.70° C SD).

2004: Radio/Sonic Tag #141
Loggerhead (juvenile, rehabilitated turtle)
Turtle #141 ((XXT538) was found in June 2004 off of Northampton County on

the Eastern Shore. At the time of stranding, this turtle was unable to dive. Turtle #141

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



76°14'15"

ns

Yellow indicates ebb tide; red indicates flood tide

* Star = start of track
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was rehabilitated and released on July 21, 2004 south of the Chesapeake Channel and just
north of the Thimble Shoals Channel on the ocean side of the CBBT. The turtle was
released in 7.6 m of water on a flood tide. Turtle #141 initially headed eastward against
the tidal flow (Figure 2.44). When the tides changed to ebb, the turtle moved with the
current eastward towards the ocean and moved against the subsequent flood tide. Once
clear of Cape Henry, the turtle continued its movements east énd south along the
coastline of Virginia Beach (Figure 2.44). This turtle exhibited directed movement
exhibited directed movement (z=39.6; n=294; r=0.4) throughout its observed track and
was tracked for a total of 24-hours. The turtle was last observed off of Virginia Beach
heading south.

At the time of release, sea surface temperétures were approximately 27.3° C and
bottom temperatures were 21.1° C. The mean time spent at the surface during the day was
eight seconds (+/- 0:00:33) and 45 seconds (+/- 0:01:07 SD) at night. Mean dive timé was
ten seconds (+/- 0:01:51) during the day and 0:05:41 (+/-0:07:34) at night (Table 2.5).
During both the day and night, minimum surface times were six seconds, and maximum
surface times were 0:01:40 during the day, 0:05:11 at night. Minimum dive times were
six seconds during the day, nine seconds at night. Maximum dive times were 0:13:56
during the day and 28:10 at night (Table 2.5). During the 24-hour track, this turtle spent
12.3% of its time within the upper meter of the water column (Table 2.3). Acoustic data
indicated that the average depth of this track was 6.25 m (+/- 7.40 m SD) and the average
temperature was 20.96° C (+/-5.38° C SD). This turtle spent a greater time in deeper,
cooler waters at night versus the day, however, this may be due in part to the available

depths associated with the turtle’s locations (Figures 2.45 and 2.46).
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2004: Satellite Tag #10378
Loggerhead (juvenile)

Turtle #10378 (XXF706) was released on June 10, 2004 from the VIMS beach in
the York River. Locations for this turtle were not transmitted for almost two weeks post-
release, perhaps due to infrequent surfacing events or short periods spend at the surface.
Approximately two weeks post-release, the turtle was observed off of Chincoteague and
Assateague along the ocean side of the Eastern Shore of Virginia and Maryland (Figure
2.47). The turtle remained in this area until the fall when témperamres dropped, after
which it swam south to Cape Hatteras where it remained until the tag ceased transmitting
May 19, 2005. Turtle #10378 established its winter habitat just south of Cape Hatteras,
along the outer shelf area and just inside the western edge of the Gulf Stream (Figure

~ 2.47). This turtle did not exhibit a significant travel direction, nor did it exhibit significant
fidelity to a particular region, either off the Eastern Shore or in its winter habitat. The
turtle remained within a SST range of 9° C to 26° C, averaging 19.5° C (+/- 4.0° C SD)
(Figure 2.48; Table 2.8). Sea surface temperatures during the turtle’s southern migration
were between 15° C and 20° C. The majority of fall movement occurred within waters
with depths ranging between 25 to 50 mand average depths along the track were 26.9 m
(+/- 9.7 m SD). This turtle ranged up to 163 km from shore and traveled at an average

speed of 2.6 km/hr (+/- 2.8 kmv/hr SD) (Table 2.7).
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