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INTRODUCTION

The Key West National Wildlife Refuge (KWNWR) was established in 1908 by an
Executive Order signed by President Theodore Roosevelt.  The refuge was created primarily to
prevent the slaughter of wading birds that were taken for the lucrative feather trade in the early
1900’s. The KWNWR is the oldest of four refuges that make up the Florida Keys National
Wildlife Refuge System.

The refuge encompasses 521 square kilometers of open water and over 2000 acres of
land, including the Marquesas and 13 other Keys. A portion of the United States’ only
continental coral reef tract resides in the KWNWR. The refuge also includes other important
habitats such as mixed hardbottom/sponge areas and extensive sea grass beds. These protected
areas provide important foraging habitat for endangered and threatened sea turtles.

Until recently, we knew little about the sea turtles found in the open water habitats of
the refuge. Evidence for the importance of this area came from post-nesting green turtles that
were satellite tracked from beaches in East-Central Florida (Schroeder et al. 1996), the Florida
Panhandle (Nicholas, pers. Comm.) and the Yucatan (Garduňo et al. 2000) to the Marquesas
Keys. This suggested that the refuge held the first known foraging grounds for adult greens in
the continental U.S. Informal reports from fishermen have supported this claim. However,
outside of stranding reports, there were very few data on sea turtles in the KWNWR. This
noticeable lack of data was the main reason for beginning our demographic study in 2002.

Since 2002, the sightings and captures of sea turtles in the KWNWR have begun to
address our four main objectives designed to produce a comprehensive set of baseline data.
These objectives include:

1. Obtain data on species abundance, size frequencies, locations and sex ratios.
2. Document the prevalence of fibropapillomatosis (FP).
3. Determine the genetic origin of sea turtles foraging in the refuge through mtDNA

analysis.
4. Determine green turtle diet composition.

The continuation of this study was made possible, by Grant Agreement #401815G177
between U.S. Fish and Wildlife Service and Inwater Research Group. Sampling effort began in
December 2005 and was continued quarterly until September 2008. This final report details
activities conducted during this grant period and provides sighting and capture data in tabular
form. This report complies with the terms and conditions set forth in USFWS Grant
Agreement #4018156177.

METHODS

Study Site

The KWNWR is located between latitudes 240 40’ N and 240 27’ N and between
longitudes 820 10’ W and 810 50’ W, beginning approximately one kilometer west of Key
West out 35 kilometers to include the Marquesas Keys. For practical purposes we have divided



the refuge into three distinct regions.  These include the Marquesas region (50 km2), the North
region (43 km2) and the Central region (53 km2).

Figure 1. Study area including the Key West National Wildlife Refuge
boundary (in red).

The Marquesas region encompasses 14 distinct islands that encircle an open basin.
Mooney Harbor is located inside this complex of keys and contains shallow sea grass beds
dotted with sponges, bomb craters, and serpentine deep water channels.  To the north and east
of the Marquesas, extensive sea grass beds are found in one to three meters of water and to the
south and southeast of the islands a myriad of coral patch reefs and sponge/hardbottom
habitats can be found in three to five meters of water.  West of the islands, in three to five
meters of water, large Syringodium beds can be found interspersed with expansive stretches of
coraline sand. This habitat extends far to the west of the Marquesas and is described on charts
as the Quicksands. We surveyed a six by six kilometer area of this habitat west of the
Marquesas Keys that we will refer to as the Eastern Quicksands

The North region includes the waters surrounding Cottrell, Little Mullet and Big
Mullet Keys.  Cottrell Key is surrounded by shallow tidal flats and sea grass beds with the
exception of a fringe coral reef located just off its northwest shore. This reef extends for
approximately one kilometer and has water depths that range from five meters to less than one
meter.  The Mullet Keys have deep water channels that encircle them and only a few narrow
channels flow through the tidal flats. West of Little Mullet Key are extensive flats of turtle
grass with a few large channels that lie northeast of Boca Grande Bank.

The Central region includes eight of the keys to the east and south of the Lakes
Passage. The Lakes Passage is a shallow, but wide basin that runs from Archer Key west to
Boca Grande Key.  This area contains a mix of seagrass and sponge/hardbottom habitats.  The
area south of Crawfish Key west to Woman Key contains habitat that we describe as sponge
gardens found in one to four meters of water.  Additionally, excellent hardbottom, seagrass



and sponge habitats can be found just west of Barracoutta and Man Key in one to two meters
of water.

The South region is mostly open water, but includes many of the barrier reefs, rock
keys and shoals that sit along the Keys outer coral reef chain.  To date we have surveyed very
little of the southern region.

Sighting, Capture and Measurement Methods

During sampling periods, we ran haphazard unmarked nonlinear transects through
targeted habitat in search of sea turtles. During these searches the boat speed was kept at a
minimum, usually less than 9 km/hr. We used GPS start and end waypoints to delineate our
transect lengths and calculate a catch-per-unit-effort (CPUE).  These CPUE measurements
quantify sea turtle abundance within the refuge and are comparable to other study sites where
this technique is employed. Turtles were sighted by at least two experienced researchers from
the tower of a shallow draft Carolina Skiff. Sightings were recorded on transect sheets and, if
feasible, turtles were pursued for capture (see rodeo method below). All sightings included a
date, time, waypoint and species record. In some cases, turtles were sighted while working up
captured turtles or in transit to and from sites. Positions of these turtles were recorded and
treated as non-transect sightings.

In addition to the HUNT method, we also recorded sea turtle observations and search
effort made along linear, repeatable transects at the eastern Quicksands site approximately 2-8
kilometers west of the Marquesas Keys. We conducted transects along six predetermined lines
oriented east-west, each six kilometers long and separated by one kilometer from adjacent
lines.  The lines lay on a 6 x 6 km square covering an area of patchy seagrass where we had
observed numerous green turtles during previous HUNTs. Sea turtles sighted during these
transect surveys were identified to life stage and their locations relative to the transect line
were recorded on a GPS unit. As in the HUNT method, these linear, repeatable transects were
conducted with two experienced observers in an elevated tower, a helmsman, and a data
recorder.

The geographic positions of sea turtles observed during HUNTs, and vessel tracks
during search efforts, were imported into a GIS for a spatial analysis of observations relative to
effort. In a related spatial analysis, we examined observations and effort made during the
linear, repeated transects conducted during three periods surveyed west of the Marquesas Keys
at the eastern Quicksands.

Turtles were captured using the rodeo method described by Ehrhart and Ogren (1999).
This method entailed pursuing and capturing turtles from a moving boat and was used in
conjunction with HUNTs  In addition to personnel used during visual transects a diver with
mask and fins was stationed on the bow of the boat. When a turtle was targeted for capture the
boat was positioned along side the turtle in a manor that allowed the diver to jump from the
bow of the boat, secure the turtle by the nuchal notch and posterior marginals of the carapace,
and guide the turtle to the surface. When the diver had control of the turtle, it was brought on
board for measurements and data collection.

We collected morphometric data for each captured turtle using calipers and a flexible
tape as described by Pritchard et al. (1983). Turtles were also weighed and photographed
before release. Tumors associated with FP were measured and recorded on a standardized
tumor score sheet. The total tumor score was used to assign turtles to a severity category



(Work and Balazs, 1999).  Turtles were tagged with a National Band and Tag Inconel # 681
tag applied to the trailing edge of each front flipper and with a PIT tag in the right front flipper
at a point above the second proximal trailing scale.

Blood samples from all turtles were taken for genetic analysis.  We drew blood from
the cervical sinus using a sterile vacutainer with no additive (Owens and Ruiz 1980).  A 22
gauge 1” needle was used on small juveniles, while a 1½” was used on subadults.  We
collected approximately 7 ml from each turtle and add a few drops to a lysis buffer in a 1:10
ratio, gently shook the mixture and stored it in a cool dark place.  This blood was used for later
mtDNA haplotype analysis to determine the turtle's origin (Encalada et al. 1996).  The
remaining blood was placed in a sterile vacutainer with lithium heparin and spun for ten
minutes in an Adams Physician centrifuge.  Plasma was then pipetted into two 1.8 ml vial for
future testosterone radioimmunoassays. Your office will be supplied with that analysis when
complete.

Food items caught in the esophagus of green turtles were sampled using the lavage
technique (Balazs, 1980).  A clear flexible PVC tube was lubricated with vegetable oil and
inserted down the length of the esophagus to the middle of the gular scute. The diameter of the
tube was either 1/4 “ or 3/8” depending on the size of the turtle. Sea water was pumped into
the tube using a veterinarian’s double action stomach pump and the tube was moved gently
back and forth along the esophagus.  Food items were collected from the backwash into a five
gallon bucket. The collected food items were then placed in a four percent formalin-seawater
solution for later analysis.

Prior to release, we painted numbers on each turtle’s carapace with white polyester
resin mixed with hardener catalyst. These markings allowed us to subsequently identify an
observed turtle within multi-day sampling episodes without having to re-capture the turtle. Re-
sightings of turtles after 24 hours were treated as separate independent observations. After all
measurements and samples were taken (about 35 minutes), turtles were released in the area
where they were captured.

East Coast Biologists conducted our dietary analysis. Samples were filtered using a 0.5
mm filter paper and wet weight was determined by using a Denver Instrument Company
electronic scale to 0.01 gram. After weighing, the samples were transferred to a petri dish that
had a 4 x 4 cm grid etched on the bottom. There were 16 squares on the grid, and each square
was 1 cm2. The samples were smoothed to one layer across the grid and examined at 0.79 x
power using a Bausch & Lombe stereoscope fitted with a 071184 graticule. The stereoscope
ocular was fitted with a 1-cm2 graticule with a 10 x 10 grid. The forage item located in the left
corner of each odd-numbered square of the graticule was counted (there were 50 possible
counts per graticule). A sample that covered the entire 4 cm x 4 cm grid could potentially
have an 800-item count (16 squares x 50 counts per graticule = 800). Forage items were
identified to the lowest taxonomic level possible and recorded as percent volume of total
sample. We describe major foraging items as forage that comprised greater than 96 percent
volume of combined samples from each site.

RESULTS AND DISCUSSION

Between December 2005 and September 2008, sea turtles were observed and rodeo
captured in the Key West National Wildlife Refuge and surrounding waters. Three of the five



species of sea turtles that are most commonly found in Florida waters were observed during
visual transects in the refuge. During this report period 550 loggerheads (Caretta caretta),
1057 green turtles (Chelonia mydas) and 23 hawksbills (Eretmochelys imbricata) were sighted
on transect in the refuge and surrounding waters. A total of 353 sea turtles were captured
(including 51 recaptures), tagged and released. Data collected for each species sighted and
captured in the refuge are presented in the sections below.

Loggerhead Sea Turtles in the Refuge

Sightings

Between December 2005 and September 2008, 550 loggerheads were sighted in the
refuge using the H.U.N.T method. This total included 58 adult, 466 subadult and two juvenile
size animals as well as 24 other loggerheads that were not identified to life stage (Appendix 1,
Figures 2, 3 & 4.).

Figure 2. Loggerhead sightings during HUNT transects in the Central region of the
Key West National Wildlife Refuge, December 2005 – September 2008.

During this report period 270 loggerheads were sighted in the Central region of the
refuge on 535.5 kilometers of transects (Figure 2.). Sightings per unit effort were calculated at
0.50 loggerheads per kilometer of transect.  While effort was distributed throughout the
Central region of the refuge there were certain areas where loggerheads were more abundant.
West of Baracoutta Key, where mixed hardbottom habitat exist in relatively shallow water is
an area where we have consistently observed and captured the greatest number of loggerheads
in the refuge. Habitat found around Archer Key and throughout the Lakes Passage also support



a relatively high density of loggerheads. Transects were conducted around Boca Grande (not
shown) as well, but only four sightings were recorded.

Figure 3. Loggerhead sightings during HUNT transects in the Marquesas region and
surrounding waters, Key West National Wildlife Refuge, December 2005 – September
2008.

Overall, habitat in the Marquesas region supports the highest density of sea turtles in
the entire refuge. Loggerheads are well represented here and use the shallow waters of
Mooney Harbor and the surrounding deeper water habitats as foraging grounds.  During this
report period 237 loggerheads were sighted on 521.0 kilometers of transects (Figure 3).
Loggerhead sightings per unit effort in the Marquesas region was calculated at 0.45 turtles per
kilometer of transect.  An additional 18 loggerheads were sighted during 217.0 kilometers of
transects using the grid method west of the Marquesas. The survey area west of the Marquesas
Keys, is just outside of the refuge’s western boundary, but we include it here because of its
proximity to the refuge. Several transects were conducted to the north and south of the
Marquesas Keys, but because relatively few sea turtles were found at these sights effort was
focused in Mooney Harbor and west of islands.



Figure 4. Loggerhead sightings during HUNT transects in the North region of the Key
West National Wildlife Refuge, December 2005 – September 2008.

Transect effort in the North region of the refuge was focused mainly around Cottrell
Key as most of the areas around the Mullet Keys and Lavina Bank (west of the Mullet Keys)
are not navigable due extensive shallow water flats.  Because of this, the North region of the
refuge received the least amount of effort. Between December 2005 and September 2008, 25
loggerheads were observed during 55.6 kilometers of transects and sighting per unit effort was
calculated at 0.45 turtles per kilometer for this region of the refuge.

Off-Transect Sightings

In addition to loggerheads sighted while conducting transects, we also recorded
sightings of turtles during times while we were in transit from one site to another or while we
were at anchor working up captured turtles. A total of 368 loggerheads were observed off
transect during this report period, including 46 adults, 270 subadult and two juvenile sized
animals. An additional 50 loggerheads were observed that were not identified to life stage.
Although these sightings are not linked to any effort value, we present them here to further aid
in identifying areas in the refuge that support high densities of sea turtles.  Data from
loggerheads sighted off transect are presented in Appendix 2.

Captures
Between December 2005 and September 2008, 218 loggerheads were captured in the

Key West National Wildlife Refuge and surrounding waters.  This total included 39 recapture
events of 29 animals. Straight carapace lengths (SCL) of loggerheads captured in the refuge



ranged from 52.4 – 94.9 cm (Figure 5.) with a mean of 73.4 cm (Sd = 9.1).  Thirty-one
loggerheads captured in the refuge were considered adult animals (>85 cm SCL) and all other
animals captured were in the subadult size class. A majority of the loggerheads captured were
considered large subadult animals and represent a size frequency that is similar to that of
loggerheads found at a study site in Florida Bay (Schroeder pers. com.). Size frequencies of
loggerheads captured at Florida Bay and in the KWNWR represent a greater proportion of
large subadult animals than those found at other study sites along the east coast of Florida. For
example at the St. Lucie power plant on Hutchinson Island, where 5669 loggerheads were
captured between 1988 and 2006 the median straight carapace length of loggerheads was 66.7
cm compared to a median straight carapace length of 71.5 cm found for loggerheads captured
in the KWNWR. Loggerheads are a long lived species that pass through multiple
developmental habitats before reaching maturity (Witherington et. al., 2007). During this study
we have learned through numerous observations and captures that the KWNWR serves as one
of these important developmental habitats for large subadult loggerheads that are approaching
maturity. This has been documented at the Florida Bay study site and evidence from the
KWNWR demonstrates that the refuge provides valuable habitat for large subadult and adult
loggerheads.
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Figure 5. Size frequencies of loggerheads captured in the Key West National Wildlife
Refuge, December 2005 – September 2008.

Recaptures

During this report period we recaptured 29 loggerheads 39 times. Days at large
between capture events ranged from 52 – 1854 with a mean of 577 days. All loggerheads
recaptured in the refuge were found within one kilometer of there initial capture location,
many of which were recaptured within 500 meters of there original capture location. This
emphasizes the seemingly small home range loggerheads maintain while in the refuge. Small



home ranges for foraging loggerheads have also been observed in Florida Bay (Schroeder pers.
com.).  This indicates the habitat in the refuge provides abundant forage for loggerheads which
allows them to maintain small home ranges and still find an adequate quantity of prey items.

Four loggerheads were captured during this report period that had originally been
tagged by other researchers. These strange tags (not from this project) identified loggerheads
that had undertaken some remarkable long distance migrations. On January 7, 2007 we
captured a small subadult loggerhead in the refuge that had originally been tagged off the
Azores Islands in 2004; a distance of over 3000 kilometers.  This turtle had been outfitted with
a satellite tag that had stopped transmitting after several months, halfway across the Atlantic.
We observed seasonal and reproductive migrations during this report period as well.  On
October 16, 2007 we captured an adult female loggerhead that had been observed nesting at
Melbourne Beach on the east coast of Florida during the previous summer. This is evidence
that the refuge provides important habitat for adult turtles during remigration periods that
typically last from one to four years.

Some juvenile and subadult loggerheads make extensive seasonal migrations during
the spring and fall months. These turtles move from Florida waters to areas along the east
coast of the U.S. (Witherington, et. al. 2007). One loggerhead captured in the refuge exhibited
a similar migration. This turtle was originally captured at Mooney Harbor (inside the
Marquesas Keys) on September 9, 2003 and was later captured at the St. Lucie power plant on
July 18, 2005.  What’s notable is that we captured this turtle again in January and August 2007
in Mooney Harbor and within 500 meters from the original capture site.

Growth rates

Growth rates for loggerheads captured in the Key West National Wildlife Refuge can
be calculated from 29 animals recaptured during this report period. A much larger sample size
is needed to adequately describe loggerhead growth rates in the refuge, but data presented here
provide a preliminary baseline for future studies.  Recaptured loggerheads ranged in size from
60.4 – 93.7 cm SCL and were strongly subadult size biased.  Subadult size loggerheads (60.0 –
84.9 cm SCL) captured in the refuge grew an average 0.64 cm SCL annually. There was high
level of variation between individuals, but this is similar to loggerhead growth rates found at
other study sites along the Atlantic coast of the U.S. (Parham and Zug, 1997; Bjorndal et al.,
2000).  Adult size loggerheads (>85.0 cm SCL) captured in the refuge grew at an average
annual rate of 0.06 cm SCL. This slow growth rate for larger, presumably mature animals is
typical for marine turtle species.  Generally, growth is fastest in small loggerheads, slower in
large subadults and is negligible at the size of sexual maturity (Witherington et al., 2007). This
mirrors the preliminary growth data for loggerheads found in the refuge.

Sex ratio
,

Of the 30 loggerheads captured in the Key West National Wildlife Refuge that were
large enough to determine sex (>84.9 cm SCL), 17 were determined to be adult females and 13
were considered adult males; a 1.3:1 female to male ratio.  Results from testosterone
radioimmunoassays for all other loggerheads captured in the refuge were unavailable at the
time of this report, but will be provided to your office when the analysis have been completed.



Genetics

During this report period samples from 67 loggerheads captured in the Key West
National Wildlife Refuge were analyzed to determine genetic origin. The results presented
here are broad as the latest sequencing of haplotypes does not clearly define origin to a specific
country or region. Geneticists believe that because loggerheads have only recently, in
evolutionary terms, recruited to many nesting beaches, differences in haplotypes are difficult
to detect. However, we can state that most of the loggerheads captured in the refuge come
from several rookeries including the southeastern U.S., Cuba, Mexico and Florida.  There is
some evidence that the Cape Verde and Mediterranean haplotypes can be excluded from our
samples. Our geneticist tells us “We can use frequencies to help us out a little, but with these
turtles potentially coming from all over, there is a lot of uncertainty in assignments. The longer
reads at least do rule out the Cape Verde and Mediterranean as sources”. Currently more
samples are being analyzed and we will provide your office with additional results as they
become available.

Haplotype
Percent of

loggerheads Potential Origin

A1 40.3% Southeastern U.S., Cuba, Cape Verde

A2 46.3% Cuba, Mexico, Florida, Mediterranean

A3 5.0% Florida, Mexico, Mediterranean

A10 2.0% Mexico, Florida, Cuba

A14 2.0% Mexico, Florida, Cuba

Table 1. Genetic analysis results for loggerheads captured in the Key West National
Wildlife Refuge December 2005 – September 2008.



Green Turtles in the Refuge

Sightings

Between December 2005 and September 2008, 707 green turtles were sighted on
1,112.2 kilometers of transects conducted in the refuge using the H.U.N.T method. This total
included 191 adult, 263 subadult and 249 juvenile size animals as well as four other green
turtles that were not identified to life stage (Appendix 1, Figures 6, 7 & 8). An additional 360
green turtles were sighted during 217.0 kilometers of transects at the Eastern Quicksands west
of the Marquesas Keys (Figure 7). This total included 180 adult, 167 subadult and two juvenile
sized animals, as well as six other green turtles that were not identified to life stage.

Figure 6. Green turtle sightings during HUNT transects in the Central region of the
Key West National Wildlife Refuge, December 2005 – September 2008.

During this report period 113 juvenile green turtles were sighted in the Central region
of the refuge on 535.5 kilometers of transects (Figure 6.). Sightings per unit effort were
calculated at 0.21 green turtles per kilometer of transect. While effort was distributed
throughout the Central region of the refuge there were certain areas where green turtles were
more abundant. South of Archer Key where extensive seagrass and hardbottom habitat exist in
shallow water is an area where we have consistently observed a relatively high density of
juvenile green turtles in the refuge. Habitats found around Barracoutta Key also support a
moderate density of juvenile green turtles. These mixed habitats, where sponge and
hardbottom communities exist near robust seagrass pastures are areas where we have sighted
and captured most of the juvenile green turtles in this study. It is likely that juvenile green
turtles use sponge/hardbottom habitat for refuge between foraging excursions. We have
observed green turtles resting under loggerhead and vase sponges in these types of habitats.



Transects were conducted around Boca Grande (not shown) as well, but no green turtle
sightings were recorded.

Figure 7. Green turtle sightings during HUNT transects in the Marquesas region and
surrounding waters, Key West National Wildlife Refuge, December 2005 – September
2008.

The Marquesas region supports the highest density of green turtles in the entire refuge.
Juvenile green turtles use the shallow water habitat in Mooney Harbor as foraging grounds and
larger green turtles (adult and subadult animals) use the relatively deeper habitats of the
Eastern Quicksands for the same purpose. During this report period 583 green turtles were
sighted during 521.0 kilometers of transects conducted in the Marquesas region (Figure 7).
Green turtles were partitioned by size class with only juvenile green turtles found in Mooney
Harbor and predominately larger green turtles (191 adult, 263 subadult and only two juvenile
size ) sighted west of the Marquesas. Green turtle sightings per unit effort in the Marquesas
region was calculated at 1.12 turtles per kilometer of transect. An additional 349 green turtles
were sighted during 217.0 kilometers of transects while using the grid method west of the
Marquesas. This area has one of the densest aggregations of green turtles recorded in Florida
waters.  Sightings per unit effort for green turtles at the Eastern Quicksand’s site, during grid
transects was calculated at 1.61 green turtles per kilometer of transect. Several transects were
conducted to the north and south of the Marquesas Keys, but because relatively fewer sea
turtles were found at these sights effort was focused in Mooney Harbor and west of islands.



Figure 8. Green turtle sightings during HUNT transects in the North region of the Key
West National Wildlife Refuge, December 2005 – September 2008.

Transect effort in the North region of the refuge was focused mainly around Cottrell
Key as most of the areas around the Mullet Keys and Lavina Bank (west of the Mullet Keys)
are not navigable due extensive shallow water flats.  Because of this, the North region of the
refuge received the least amount of effort. Between December 2005 and September 2008,
seven green turtles were observed during 55.6 kilometers of transects and sighting per unit
effort was calculated at 0.13 turtles per kilometer for this region of the refuge.

Off-Transect Sightings

Green turtles were sighted while conducting transects, but we also recorded sightings
of turtles during times when we were in transit from one site to another or while we were at
anchor working up captured turtles.  A total of 360 green turtles were observed off transect
during this report period, including 109 adults, 164 subadult and 62 juvenile sized animals. An
additional 25 green turtles were observed that were not identified to life stage. Although these
sightings are not linked to any effort value, we present them here to further aid in identifying
areas in the refuge that support high densities of sea turtles. As with the transect data presented
here subadult and adult sized green turtles sighted off transect were found exclusively at the
Eastern Quicksands site. Location data for green turtles sighted off transect are presented in
Appendix 2.



Captures

Between December 2005 and September 2008, 118 green turtles were captured in the
Key West National Wildlife Refuge and surrounding waters. This total included eight
recapture events. Straight carapace lengths (SCL) of green turtles captured in the refuge ranged
from 24.0 – 108.5 cm SCL with a mean of 55.3 cm (Sd = 23.1).  Seventeen green turtles
captured in the refuge were considered adult animals (> 89.9 cm SCL), 17 were in the subadult
size class (65.0 – 89.9 cm SCL) and 84 were juvenile animals.
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Green turtles at the eastern Quicksands

Figure 9. Size frequencies of green turtles captured in the Key West National Wildlife
Refuge, December 2005 - September 2008.

Green turtles observed within the boundaries of the refuge were all juvenile animals
found in shallow water habitats. Juvenile green turtles are well known to forage within shallow
bays, lagoons and on nearshore reefs, where they compose the most common life stage found
in the southeastern U.S. (Witherington et al. 2006). Green turtles captured at other in-water
study sites throughout Florida have similar size frequency distributions with very few reports
of subadult or adult turtles outside the summer nesting season (Bresette et al. 1998; Bresette et
al. 2000; Ehrhart et al. 2007; Makowski et al. 2006; Schmid 1998). Green turtles found at the
eastern Quicksands, just west of the Marquesas Keys represent these rare size classes.
Subadult and adult green turtles are found at this site in dense aggregations throughout the year
and are actively maintaining foraging plots in numbers that have not been documented in
recent times. Small, juvenile green turtles and large subadult/adult green turtles in the
Marquesas region are only separated by a few kilometers with very little mixing between
groups. This may be the first time that size class partitioning of habitat has ever been recorded



for green turtles in the Atlantic. More information on this topic is provided in a later section of
this report.

Recaptures and Growth rates

During this report period we recaptured eight green turtles in the KWNWR. Time at
large ranged from 48 to 519 days. All recaptured green turtles were juvenile animals and
ranged in size from 31.0 – 45.0 cm SCL at initial capture. Green turtles recaptured during this
report period were all recaptured within a kilometer of their original capture location with four
recaptured near Archer Key, three near Barracoutta Key and one at Mooney Harbor in the
Marquesas. Mean growth calculated for these eight turtles was 9.2 cm SCL per year. The rate
at which juvenile green turtles grew during this report period was remarkable, but these data
are preliminary and many more samples are needed to accurately describe growth among
green turtles in the refuge.  These initial growth data are similar to growth rates reported for
juvenile green turtles at Union Creek in the Bahamas (Bjorndal et al., 2003). There, juvenile
green turtles grew rapidly in habitat similar to that found in the KWNWR. Growth rates
among green turtles in the Bahamas were greatest for small juveniles and decreased for larger
juvenile and subadult size green turtles. This mirrors what we observed among small juvenile
green turtles in the refuge. Growth rates for juvenile green turtles in the Key West National
Wildlife Refuge are likely affected by the abundance of sea grass, water temperature and low
competition for resources.

There were no recapture events recorded for the 34 large green turtles captured at the
eastern Quicksands, but two adult female green turtles originally tagged at this site made long
reproductive migrations to nesting beaches in Mexico. One, captured at the eastern Quicksands
during June 2006 was later found nesting on a Yucatan Peninsula beach in Quintana Roo,
Mexico on July 27, 2007. The second turtle was tagged and released at the eastern Quicksands
in July 2006 and two years later successfully nested at a Yucatan beach on July 9, 2008. These
tag return data suggest that a significant proportion of the adult green turtles from the foraging
aggregation at the eastern Quicksands come from rookeries in Mexico. During our last
sampling trip in September 2008 we also captured an adult female green turtle that had
originally been tagged by other researchers as it nested on a Costa Rican Beach. This turtle had
originally been  tagged at Tortuguero (the largest green turtle rookery in the Caribbean) in
August of 2005. We can not overstate the importance of this foraging ground to green turtle
rookeries in the Caribbean Basin and would support any efforts to enhance protection of the
habitat west of the Marquesas Keys.

Sex ratio

Of the 22 green turtles captured in the Key West National Wildlife Refuge that were
large enough to determine sex (>84.9 cm SCL), 14 were determined to be adult females and
eight were considered adult males; a 1.8:1 female to male ratio.  Results from testosterone
radioimmunoassays for all other green turtles captured in the refuge were unavailable at the
time of this report, but will be provided to your office when the analysis have been completed.



Genetics

During this report period samples from 43 green turtles captured in the Key West
National Wildlife Refuge were analyzed to determine genetic origin. The results presented
here are broad as the latest sequencing of haplotypes does not clearly define origin to a specific
country or region. We can state that a majority of green turtles found in the refuge come from
rookeries in Florida, Mexico and Costa Rica. Through tag return data we can verify that at
least two green turtles were from the Mexico rookery and a third was from the Costa Rican
rookery at Tourtuguero. It is likely that as haplotype sequencing becomes more advanced we
will find green turtles endemic to Florida and other rookeries in the Caribbean Basin.
Currently, more samples are being analyzed and we will provide your office with additional
results as they become available.

Haplotype
Percent of

green turtles Potential Origin

A1 32.6 % Florida, Mexico

A3 48.8% Florida, Mexico, Costa Rica

A5 4.7% Mexico, Costa Rica, Surinam, Aves Isl.

A13 2.3% Florida, Mediterranean

A16 4.7% Mexico, Florida (rare)

A17 2.3% Mexico

A18 2.3% Mexico

A27 2.3% Mexico

Table 2. Genetic analysis results for green turtles captured in the Key West National
Wildlife Refuge December 2005 - September 2008.

Grid transect Sightings; evidence of herding and size class partitioning

Six repeatable linear transects were conducted two kilometers west of the Marquesas
on six sampling events during this report period. Transects spanned from east to west, were six
kilometers long and were each separated by one kilometer. A total of 217.0 kilometers of
transects were conducted at this site.  Transects were conducted on 19 July 2006, 8 January
2007, 26 August 2007, 17 October 2007, 8 February 2008 and 28 September 2008. These
repeatable transects were designed to allow temporal and spatial analysis of adult and subadult
green turtles on an important foraging ground west of the Marquesas Keys at the eastern
Quicksands. We used three comparable sampling events where weather conditions were
similar and transects were completed in one day to test two principal hypotheses: 1) that green
turtles of different sizes are partitioned by different foraging habitats, and 2) that green turtles
in the densest aggregation have a clumped spatio-temporal distribution (i.e., move in herds).
This is part of a manuscript that we are in the process of finalizing and submitting to
Endangered Species Research. Your office will be sent a copy of this manuscript once it is
accepted for publication. Excerpts are presented in this report (below) to emphasize how
important the Marquesas region is to green turtles in Florida and the Caribbean Basin.



Results

Observations per unit effort during HUNTs

We made 560 observations of green turtles using the HUNT method between July 2002
and October 2007. During this period, our HUNT effort totaled 575.9 km. We observed 370
green turtles on 266.7 kilometers of transects at the eastern Quicksands and 190 green turtles
on 309.2 kilometers of transects in Mooney Harbor.

Figure 2. Haphazard unmarked non-linear transects (H.U.N.T.s) and green turtle
(Chelonia mydas) observations at Mooney Harbor, Marquesas Keys, Florida, U.S.A.,
July 2002 – October 2007. Represents 190 juvenile-size green turtle observations
(black dots) during 309.2 kilometers of transects (grey shading).

Figure 3. Haphazard unmarked non-linear transects (H.U.N.T.S) and green turtle
(Chelonia mydas) sightings at Eastern Quicksands, Marquesas Keys, Florida, U.S.A.,
July 2002 – October 2007. Represents 153 adult-size, 216 subadult-size and one
juvenile-size green turtle observations (black dots) during 266.7 kilometers of transects
(grey shading).



Based on measurements of captured green turtles and on size estimates of observed
turtles not captured at the eastern Quicksands site, we recorded 153 adult-size turtles, 216
subadult-size turtles, and one juvenile-size turtle. Sighting frequency of all green turtles at the
eastern Quicksands was 1.39 turtles per transect kilometer. Respective sighting frequencies of
adult-size, subadult-size, and juvenile-size turtles were 0.72, 0.88, and 0.004 turtles per
transect kilometer. From 27 green turtles at the eastern Quicksands site that were assigned size
estimates at initial observation and were later captured, we found that 74.1% of initial size-
class assignments matched those made using actual measurements. Of seven turtles initially
assigned an incorrect size class, four were adults initially identified as subadults and three
were subadults initially called adults.

All green turtles sighted using the HUNT method in Mooney Harbor were juvenile size
animals (<65.0 cm SCL). Sighting frequency of green turtles in Mooney Harbor was 0.61
turtles per transect kilometer. No adult or subadult size green turtles were sighted in Mooney
Harbor. We calculated an observer error rate of 5.4% when making life stage determinations at
this site. Of 37 green turtles that were assigned size estimates at initial observation and later
captured, we verified 35 correct initial observations after measurements were taken. The two
incorrect size designations were both juvenile green turtles that were initially identified as
subadults.

Seasonality and nearest neighbor analyses from linear repeated transects

The linear, repeated transects conducted within the 6 x 6 km area at the Eastern
Quicksands totaled 108.5 km for the three, one-day transect efforts performed in July 2006,
January 2007, and October 2007. During these transects we observed 238 green turtles with
estimated sizes corresponding to 134 adult-size turtles, 99 subadult-size turtles, one juvenile-
size turtle, and four green turtles estimated to be either subadult or adult animals. Sighting
frequency of all green turtles observed during linear, repeatable transects at the eastern
Quicksands was 2.19 turtles per transect kilometer. Respective sighting frequencies of adult-
size, subadult-size, and juvenile-size turtles were 1.24, 0.91, and 0.01 turtles per transect
kilometer.

In July, 2006 the sighting frequency was calculated at 2.67 green turtles per kilometer
of transect.  Respective sighting frequencies of adult-size, subadult-size and juvenile-size
green turtles were 1.00, 1.64, and 0.03 turtles per transect kilometer. The ratio of adult size to
subadult size animals sighted during these transects was 1:1.6. In January, 2007 sighting
frequency was calculated at 1.42 green turtles per kilometer of transect.  Respective sighting
frequencies of adult-size and subadult-size green turtles were 1.09 and 0.30 turtles per transect
kilometer. The ratio of adult to subadult animals sighted during these transects was 3.3:1.
During transects conducted in October, 2007 green turtle frequency was 2.38 sighted per
kilometer of transect. Respective sighting frequencies of adult-size and subadult-size green
turtles were 1.61 and 0.76 turtles per transect kilometer. The ratio of adult to subadult animals
sighted during these transects was 2.1:1.
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Figure 4.  Size class ratio of green turtles (Chelonia mydas) observed at the Eastern
Quicksands west of the Marquesas Keys, Florida, U.S.A, on grid transects during
nesting season (July 2006, n=100), non nesting season (January 2007, n=50) and
transitional month (October 2007, n=87).

We calculated nearest neighbor distances along one-dimensional transects for 237
green turtles observed during three seasonal surveys of the 6 x 6 km area at the Eastern
Quicksands. Approximately 46% of green turtles were sighted within 100 m of their nearest
neighbor. On each of the three linear-transect survey dates, the distribution of nearest neighbor
distances was significantly different from a Poisson distribution modeled using mean nearest-
neighbor distances (Chi-square goodness of fit, bins < 5 observations collapsed, df=5, 3, and 4
respectively for the three dates, for each date p<0.0001). Median nearest-neighbor distances
for July 2006, January 2007, and October 2007 were 49 m, 126 m, and 29 m respectively.
Nearest-neighbor distances predominantly shorter than expected from a random distribution
suggested a high degree of clumping in the dispersion of green turtles at the eastern
Quicksands site (Figures. 5, 6 & 7).



Figure 8.  Adult-size and subadult-size green turtle observations at Eastern Quicksands
(black dots), west of the Marquesas Keys, Florida, U.S.A., during grid transects on 19
July 2006 (n=99), 8 January 2007 (n=50) and 17 October 2007 (n=87).

This clumping is visually apparent when looking at sighting data from each grid
sampling event (Figure 8). The spatial distribution of green turtles during the three transect
periods were compared within a GIS using minimum convex polygons that included 25 and
50% of all sightings. Clumped sightings were evident during each sampling event, however
the centers of distribution differed between periods (Figure. 9).



Figure 9. Minimum Convex Polygons including 25 and 50% of all sightings with mean
center distribution points during grid transect conducted on 19 July, 2006, 8 January,
2007 and 17 October, 2007 at the eastern Quicksands, Marquesas Keys, FL. U.S.A..

Turtle size and diet comparisons between sites

During this study, 31 green turtles were captured at the eastern Quicksands site and 41
green turtles were captured at the Mooney Harbor site. Green turtles at the eastern Quicksands
ranged in size from 69.3 cm to 108.5 cm SCL with a mean of 88.4 cm (SD=10.6, Fig. 10).
Fifteen adult-size (>90.0 cm SCL) and 16 subadult-size (65.0-90.0 cm SCL) green turtles were
captured at the eastern Quicksands site including 10 likely females (adult-size with short tails),
five likely males (adult-size with long tails), two likely maturing males (nearly adult-size with
medium-long tails), and 14 subadults not identifiable from secondary sexual characteristics.
Green turtles captured at the Mooney Harbor site were all within the juvenile size class, 27.0
cm to 59.3 cm SCL with a mean of 44.0 cm (SD=7.8, Fig. 10). A t-test revealed that the mean
SCL of green turtles captured at the eastern Quicksands was significantly greater than green
turtles captured at the Mooney Harbor study site (P<0.05, DF=53). There was also no overlap
in size ranges for captured green turtles between the two sites.

Preliminary diet analysis came from lavage samples collected from four green turtles at
the eastern Quicksands site and 15 green turtles at the Mooney Harbor site.  Green turtles
lavaged at the Mooney Harbor site ranged in size from 31.6 cm to 54.3 cm SCL with a mean
of 46.4 cm (SD=5.9) and green turtles lavaged at the eastern Quicksands ranged in size from
69.3 cm to 84.5 cm SCL with a mean of 78.0 cm (SD=7.34). The major foraging items found
in samples from turtles at the Eastern Quicksands site consisted of a combined percent volume
of 52.7% Syringodium filiforme, 28.1% Halodule wrightii, 9.9% Thallasia testudinum and
6.3% Gracilaria sp. Samples collected from turtles at the Mooney Harbor site consisted of a



combined percent volume of 56.8% Thallasia testudinum, 19.3% Halodule wrightii, 16.9%
Gracilaria sp and 0.9% Syringodium filiforme.
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Figure 10. Size frequencies of green turtles captured at the Eastern Quicksands (n=31)
and Mooney Harbor (n=41), Marquesas Keys, Florida, U.S.A. (2002 - 2007).

Discussion

Green turtle partitioning by size and habitat

We have shown the Marquesas Keys region provides foraging habitats where green
turtles are partitioned by size. The two assemblages of green turtles in this region had little or
no overlap in size structure, yet they were separated by only a few kilometers. Habitats
occupied by the two assemblages were distinct but had only slight differences in bathymetry.
We found juvenile size green turtles exclusively on shallow (< 2 m) seagrass pastures in
Mooney Harbor, and subadult and adult size turtles predominately on seagrass beds in the
deeper waters (3-5 m) of the eastern Quicksands. Although juvenile green turtles within
Mooney Harbor had a size distribution similar to foraging assemblages found throughout the
southeastern U.S., the subadult and adult-size green turtles we observed at the eastern
Quicksands were of a size rarely seen in Florida waters or northward along the U.S. Atlantic
coast.

Size class partitioning of green turtles between adjacent habitats has rarely been
reported, which may indicate that size-dependent habitat needs often dictate extensive
geographic separation. These differing habitat requirements are believed to bring about
extensive developmental migrations in green turtles (Meylan et al. 2000, Bjorndal et al. 2003).
As an example, juvenile green turtles from the shallow Indian River Lagoon System of
Florida’s Atlantic coast have been tagged and recovered as subadult or adult-size turtles from
foraging grounds in the northern and western Caribbean (Ehrhart et al. 2007, Moncada et al.
2006, Ehrhart, unpublished data). Size-distribution differences between juvenile green turtles
from shallow Florida lagoons (Ehrhart et al. 2007) and subadult/adult green turtles from
deeper seagrass pastures off Nicaragua (Campbell and Lagueux 2005) are similar to



differences we observed in green turtles from habitats in the Marquesas Keys region that are
only separated by a few kilometers.

Similar size distribution differences between east Pacific green turtles (black turtles) in
the coastal waters of Baja California Sur, Mexico appear to be related to habitat differences
and water depth. There, Koch et al. (2007) noted size differences between green turtles
captured on the Pacific coast at Bahia Magdelena and those captured at study sites in the Gulf
of California (Seminoff et al. 2003). Green turtles captured at Bahia Magdelena were mostly
juveniles found in shallow, protected coastal lagoons, whereas turtles captured at sites in the
Gulf of California were mostly large juveniles and adults from deeper water. The only
definitive report of size-class partitioning between adjacent habitats we found came from
Shark Bay, Australia. There, Heithaus et al. (2005) found that large green turtles were most
often captured in moderately deep water (3-5 m) whereas juveniles were more likely to be
found in shallower water (0.5-1.5 m), near shore and in areas lined with mangroves. This
description mirrors how we observed green turtles to use similar habitats near the Marquesas
Keys.

We hypothesize that the size-partitioning of green turtles between habitats is a result of
size-specific habitat requirements and predation risk. The juvenile-size turtles in this study are
likely to be more vulnerable to predation by sharks than larger subadult- and adult-size turtles.
The shallow water habitat within Mooney Harbor likely reduces a juvenile green turtle’s risk
of predation by limiting access to large sharks. In a study of lemon shark (Negaprion
brevirostris) habitat preference, Morrissey and Gruber (1993) found that juvenile lemon sharks
selected shallow, warm-water habitats as a hypothesized tactic to avoid predation by larger
sharks. Juvenile green turtles in Mooney Harbor may benefit from a similar habitat preference
for waters where large sharks risk exposure and have difficulty maneuvering.

During low tide in Mooney Harbor, much of the shallow seagrass pastures become
partially exposed leaving only a few basins and channels with water depths of more than a
meter.  However, within the expanses of shallow seagrass flats there are several sand-bottomed
depressions that hold 2-3 meters of water which are surrounded by exposed seagrass beds
during the lowest tides. On an ebbing tide we have observed green turtles actively seeking out
these areas to avoid being stranded on the exposed flats. We have recorded high densities of
green turtles in these areas, with as many as 30 turtles observed within a single 2.1 ha
depression. Sightings of juvenile green turtles pushing wakes through water roughly equal to
their own body depth to reach these depressions is not uncommon in Mooney Harbor.

Because these depressions are mostly bare with little recognizable forage, we
hypothesize that they are occupied principally as a refuge from tidal exposure and predation.
At low tide these sandy holes would be inaccessible to large sharks and would serve as refuge
for several hours during the day. We reason that at low tide the depressions do not provide
adequate habitat for large sharks, which would suffer more severe consequences from
accidental exposure if they failed to reach the depression, and which may have difficulty
surviving high water temperatures (during summer) and low dissolved oxygen levels within
the isolated depressions. During high tide juvenile green turtles forage throughout the harbor
in water depths as deep as two meters, but are in close proximity to surrounding flats that are
less than half a meter deep.  At high tide large sharks could navigate these waters in search of
small green turtles, but would have difficulty pursuing them as they fled to the safety of the
shallow water flats.



At low tides we have observed high densities of juvenile green turtles in the isolated
depressions in Mooney Harbor, yet we have recorded relatively few green turtles in nearby
open-ended channels of similar depth. Because we have several observations of large sharks in
these channels, we propose that juvenile green turtles limit there use to reduce their risk of
predation. The channels that exit Mooney Harbor lead to deeper, open waters surrounding the
Marquesas Keys where there are extensive seagrass beds but few  reefs or tidal flats where
juvenile turtles could avoid large sharks. Heithaus et al. (2005) hypothesized that shallow
water habitats in Shark Bay, Australia provided juvenile green turtles with refuge from
predation by tiger sharks (Galeocerdo cuvier). This same species is found in the waters
surrounding the Marquesas Keys and is believed to specialize in feeding on sea turtles (Witzell
1987). In 2002, we observed a tiger shark approximately three meters in length feeding on the
fresh carcass of a subadult green turtle just offshore of the Marquesas Keys.

The size distribution of green turtles found at the eastern Quicksands site constitutes a
marked contrast to green turtles found in Mooney Harbor.  Size frequencies of green turtles at
this site represent sub-adult size (65.0-90.0 cm) and adult size (>90.0cm) animals.  Subadult
green turtles are not commonly observed at any other study site in Florida and adult animals
are rarely documented in Florida waters outside of the nesting season, so the several hundred
observations of animals in these life stages at the eastern Quicksands represents an important
finding from this study. We point out the unique nature of the habitat at the eastern Quicksands
site and stress its importance in providing for a dense assemblage of foraging green turtles of
life stages only rarely observed elsewhere along the Atlantic coast of the US.

In our examination of diet items from esophageal lavage, we found that green turtles at
both study sites near the Marquesas Keys had fed mainly on seagrass species. Juvenile green
turtles in Mooney Harbor fed most commonly on Thalassia testudinum and Halodule wrightii,
which are both prevalent in the area. The diet of juvenile green turtles at the Mooney Harbor
site differed from that of similar size juvenile green turtles found in the Indian River Lagoon
and nearshore reefs on the east coast of Florida, where algae composed most of their diet
(Holloway-Adkins, 2001). This difference in diet may have resulted from differences in
availability rather than preference; Thalassia and other seagrasses appear vastly more
abundant than algal species in Mooney Harbor. Diet analysis from four subadult-size turtles
from the eastern Quicksands suggests that these turtles had fed most commonly on
Syringodium filiforme and Halodule wrightii.  Clearly, more samples are needed to accurately
describe the diet of green turtles in the Marquesas Keys, but because we retrieved diet items
from all of the green turtles given esophageal lavage, we conclude that foraging was the
principal activity at each study area. Other evidence from the eastern Quicksands suggests that
green turtles are important grazers at this site as we have observed numerous clearly defined,
closely-cropped grazing plots (Bjorndal 1980) and floating green turtle dung throughout the
study area.

Evidence for herding

We observed that green turtles foraging on the seagrass pastures of the eastern
Quicksands were not randomly distributed (Figs. 5-7). Our analysis of nearest-neighbor
distances revealed a clumped distribution for each of three seasonal sampling episodes.
Because the spatial distributions between sampling periods had different geographic centers
(Figure. 9), we propose that the clumped distributions were a result of turtles grouping with



each other rather than within patchy habitat. Although we do not have adequate spatial
descriptions of the seagrass habitat at the site, the seagrass was easily visible and we did not
notice any large changes in seagrass coverage between the three sampling episodes, which
took place within a relatively short period (15 months). In addition to the clumped distribution
indicated from nearest-neighbor distances, we also recorded numerous observations of green
turtles foraging in groups of up to six individuals simultaneously visible to the transect
observers and in close proximity to other small groups. Because even large subsurface animals
are difficult to see, we believe that the groups we observed were likely much larger than we
could record.

We propose that the green turtles at the eastern Quicksands site move in foraging
herds. Although herding in large herbivorous vertebrates has been commonly observed and
widely studied, we believe that this is the first confirmation of herding in an assemblage of
foraging sea turtles. Benefits of herding for foraging green turtles are likely to be similar to
those reasoned for and demonstrated in other large herbivores (Hamilton 1971). One
straightforward benefit to members of a herd is dilution of predation risk (Morton et al., 1994).
But additional survival benefits may come from enhanced group vigilance for predators. Herd
vigilance may be more important for the large subadult- and adult-size green turtles in this
study because habitat at the eastern Quicksands has no significant reef structure that would
provide refuge from predators.

As individuals, large green turtles are strong swimmers, protected by a tough carapace,
and are larger than the mouths of even the largest sharks. Nonetheless, large sharks are clearly
able to remove limbs and occasionally kill large sea turtles (Witzell 1987). Avoiding this
predation may hinge on avoiding surprise attacks. As in other large animals threatened by
predators, green turtles may take part in anti-predator behaviors brought about both by direct
detection of predators and by the startle responses of fellow herd members. Additionally, due
to behavioral time-budget considerations, predator vigilance that is subsidized by other
members of a herd is likely to result in additional opportunities to forage. Kildaw (1994)
reported that the largest groups of black-tailed prairie dogs (Cynomys budovicianus) spent the
least time scanning for predators and devoted the most time to feeding. Kildaw also found that
prairie dogs in large groups tended to forage in riskier locations than individuals in small
groups. We believe the eastern Quicksands is a risky foraging location for green turtles, but by
forming herds green turtles mitigate predation risk while benefiting from increased foraging
opportunities.

Green turtles within a herd may also benefit from increased foraging success brought
about by the foraging actions of other herd members. In this respect, green turtles may differ
markedly from terrestrial grazers in the effects that each has on their source of forage. Whereas
most terrestrial grazers such as ungulates tread on their forage and deliver effects beyond
removing the vegetation they eat, green turtles glide over their forage and, except for feeding,
have only minor contact with the seagrass. In feeding, green turtles are adept at cropping
seagrass blades without significant damage to the remaining plant (Bjorndal 1980). The new
growth from cropped seagrasses has been shown to be higher in nutrition and easier to digest
than older, uncropped seagrass blades (Bjorndal 1985, Moran and Bjorndal 2007). This
nutritional benefit is believed to favor green turtles that maintain and selectively feed within
grazing plots (Bjorndal 1985). At the eastern Quicksands site, we commonly observed groups
of green turtles within well defined grazing plots. We hypothesize that these green turtles
benefit not only from their own grazing maintenance, but also from the grazing maintenance of



others in their herd. A similar foraging benefit to individuals in a group was seen for brent
geese (Branta bernicla) flocks feeding on the new growth of sea plantain (Plantago maritime)
(Prinss et al. 1980).

Adult green turtle foraging grounds in the western Atlantic have been identified mainly
through tracking females from nesting beaches using satellite telemetry, yet few data exist
detailing relative abundance, size class frequency and habitat usage at these sites. This is likely
due to the difficulty of conducting in-water studies in remote, open water habitats.  For
example, off the Caribbean coast of Nicaragua where an important foraging ground exists, data
is gathered from green turtles brought in by local sea turtle fishermen (Campbell and Lageuex,
2005). However, the harvest of adult and subadult green turtles at this site is typically
conducted at known resting areas at night and the foraging grounds remain unknown to the
fishery (Laguex, pers. comm.). Foraging grounds off the coasts of Honduras, Nicaragua, Costa
Rica, Panama and Cuba have also been identified through satellite tracking and tag returns of
adult green turtles from the largest rookery in the Atlantic at Tortuguero, Costa Rica (Troeng
et al. 2005). To our knowledge there are very few data, if any describing green turtles on these
foraging grounds.  Future research effort at these sites may reveal that the size class
partitioning and herding behavior we observed in the Marquesas Key’s is not unique. The only
reference we did find of green turtles forming foraging groups comes from the Western Indian
Ocean at Mayotte Island. During snorkeling surveys, large green turtles (86% were adult-size)
were observed in shallow water (<5m) and “were generally found in small groups of 4 or 5
individuals” (Roos et al. 2005). This is similar to what we observed on the foraging grounds
off the Marquesas Keys.

Seasonality and reproductive movements

In the Marquesas region we observed green turtles of all size classes throughout the
year. However, we observed seasonal differences in the ratio of adult to subadult size turtles
sighted during repeated linear transects at the eastern Quicksands. Results from observations
made during these transects revealed a shift in the size class ratio of green turtles during three
sampling periods. In July 2006, during nesting season, the ratio was biased towards subadult
size animals (fig.4) as we presume many of the adult-size green turtles had left the foraging
grounds on reproductive migrations. In January (non-nesting season) 2007, the ratio had a
strong adult-size green turtle bias (fig.4), indicating that mature green turtles had returned to
the eastern Quicksand’s to forage during reproductive remigration intervals. In October 2007,
the ratio remained adult-size biased (fig.4), but not as strongly as we observed in January.  We
believe that green turtles were in the process of returning to the foraging grounds after
reproductive migrations and that October represents a transitional month for size class
distribution at the eastern Quicksands.

Florida beaches may be an important destination for nesting females from this foraging
ground given that 10 of 11 green turtles tracked from Florida’s central Atlantic beaches
migrated to and established residency in foraging areas in the Florida Keys (Schroeder pers.
comm.). Evidence from the eastern Quicksands site indicates that this area may be an
important foraging ground for rookeries in the Caribbean Basin as well. Of the ten adult-sized
green turtles captured at this site that were presumed mature females, two were later found
nesting on beaches on the Yucatan Peninsula in Quintana Roo, Mexico. One, captured at the
eastern Quicksands during June 2006 was later found nesting in the Yucatan during July 2007.



The second turtle was tagged and released at the eastern Quicksands in July 2006 and was
found nesting on a Yucatan beach in July 2008. Additionally, a green turtle captured at the
eastern Quicksands during September 2008, had originally been tagged while nesting at
Tortuguero, Costa Rica in August 2005 (Harrison pers. Comm.).  From these recaptures it is
clear that the green turtle aggregation at the eastern Quicksands is comprised of adult turtles
from several rookeries in the western Atlantic. Green turtles from these rookeries may benefit
from selecting a foraging ground where no recreational, artisanal or commercial green turtle
fishery exists. This underscores the importance of the habitat at the eastern Quicksands and
provides new conservation opportunities for green turtle stocks in the western Atlantic.

Conclusions

Green turtles forage on seagrass pastures near the Marquesas Keys and are partitioned
by size between shallow (2 m) and slightly deeper (3-5 m) water habitat. There was little or no
overlap in size structure of green turtles in these adjacent habitats, with juvenile turtles
exclusively found in the shallow water habitat (Mooney Harbor) and subadult- and adult- size
turtles predominantly found in the deeper habitat (eastern Quicksands). The subadult- and
adult-size green turtles at the eastern Quicksands are of a size rarely observed along the U.S.
Atlantic coast. We hypothesize that the size-partitioning of green turtles between habitats
corresponds to size-specific habitat requirements and predation risk. We propose that juveniles
at Mooney Harbor seek to avoid predation by occupying waters that are too shallow for large
sharks and at the eastern Quicksands site, subadult- and adult-size turtles may limit predation
in part by foraging in herds. We observed herding in green turtles at the eastern Quicksands
that showed different spatial distributions between separate sampling episodes. The foraging
herds at the eastern Quicksands include adult turtles that take part in reproductive migrations
north to Florida’s Atlantic coast and southwest to the Yucatan Peninsula and Costa Rica.



Hawksbill Turtles in the Refuge

Sightings

Between December 2005 and September 2008, 23 hawksbill turtles were sighted on
1,112.2 kilometers of transects conducted in the refuge using the H.U.N.T method. This total
included 2 subadult and 20 juvenile size animals as well as one other hawksbill that was not
identified to life stage (Appendix 1, Figures 10, 11 & 12). The Key West National Wildlife
Refuge provides important developmental habitat for this critically endangered species. It is
one of only two study sites in Florida where hawksbill turtles are observed with any frequency.

Figure 10. Hawksbill sightings during HUNT transects in the Central region of the Key
West National Wildlife Refuge, December 2005 – September 2008.

During this report period seven hawksbills were sighted in the Central region of the
refuge on 535.5 kilometers of transects (Figure 10.).  Sightings per unit effort were calculated
at 0.01 hawksbills per kilometer of transect.  While effort was distributed throughout the
Central region of the refuge there were certain areas where hawksbills were more abundant.
West of Baracoutta Key, where mixed hardbottom habitat exist in relatively shallow water (< 2
m) is an area where we have consistently observed and captured hawksbills in the refuge.
Sponges associated with these hardbottom communities provide important refuge and forage
for juvenile hawksbills in the refuge.



Figure 11. Hawksbill sightings during HUNT transects in the Marquesas region and
surrounding waters, Key West National Wildlife Refuge, December 2005 – September
2008.

As with loggerhead and green turtles, habitat in the Marquesas region provides
important habitat for juvenile hawksbill turtles. During this report period 13 hawksbills were
sighted on 521.0 kilometers of transects (Figure 11). Hawksbill sightings per unit effort in the
Marquesas region was calculated at 0.02 turtles per kilometer of transect.  Juvenile hawksbills
were most commonly observed in Mooney Harbor. The shallow waters of the harbor provide
important developmental habitat for young hawksbill turtles. It’s likely they use this habitat in
the same way as juvenile green turtles; for foraging and limiting predation risk. Many of the
juvenile hawksbills observed in Mooney Harbor were found resting or foraging under sponges
and in close proximity to juvenile green turtles. Sponge habitat in Mooney Harbor and
throughout the refuge provide juvenile hawksbill and green turtles with important resting spots
and harbor prey items for loggerhead turtles. We can’t overstate the importance of these
habitats to sea turtles in the Key West National Wildlife Refuge and we are troubled by the
increase in the commercial sponge harvest. We have seen the sponge fishery expand from just
two or three boats in 2002 to as many as a dozen during this past year. The amount of sponge
habitat that is being removed from the refuge is alarming. Spongers have recently been
prohibited from Everglades National Park and other areas around the Keys which has put
added, and in our opinion unsustainable pressure on hardbottom habitats in the refuge.



Figure 12. Hawksbill sightings during HUNT transects in the North region of the Key
West National Wildlife Refuge, December 2005 – September 2008.

Transect effort in the North region of the refuge was focused mainly around Cottrell
Key as most of the areas around the Mullet Keys and Lavina Bank (west of the Mullet Keys)
are not navigable due extensive shallow water flats.  Because of this, the North region of the
refuge received the least amount of effort. Between December 2005 and September 2008, 6
hawksbill turtles were observed during 55.6 kilometers of transects and sighting per unit effort
was calculated at 0.11 turtles per kilometer for this region of the refuge. This area provides
habitat for the densest aggregation of hawksbills in the Key West National Wildlife Refuge. It
was only during the last two sampling trips that we realized how important this area was to
hawksbill turtles. Before those trips we had sporadically observed hawksbills near the reef
offshore of Cottrell Key, but during the last two sampling events we found a one kilometer
long, submerged breakwater called the West Jetty where we found a high density of
hawksbills. In one day at this site we captured four hawksbills while snorkeling and observed
at least eight others in less than an hour. We are still trying to develop a way to measure effort
during these snorkeling events, but it’s clear from our observations that the West Jetty likely
holds the highest density of hawksbills documented in the refuge and possibly the state of
Florida.

Off-Transect Sightings

In addition to hawksbills sighted while conducting transects, we also recorded
sightings of turtles during times while we were in transit from one site to another or while we
were at anchor working up captured turtles. A total of 15 hawksbills were observed off transect



during this report period, most of which were either found in Mooney Harbor or the West
Jetty. Of the 15 hawksbills observed 12 were considered juvenile animals, 2 were subadult size
and 1 was not identified to lifestage. Data from hawksbill turtles sighted off transect are
presented in Appendix 2.

Captures

Between December 2005 and September 2008, 17 hawksbill turtles were captured in
the Key West National Wildlife Refuge and surrounding waters.  This total included four
recapture events. Straight carapace lengths (SCL) of hawksbill turtles captured in the refuge
ranged from 26.4 – 69.0 cm SCL with a mean of 42.0 cm (Sd =11.6).  Two of the hawksbills
captured during this study were considered subadult animals (55.0 – 69.9 cm SCL) and 15
were juvenile animals (<55.0 cm SCL).
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Results from testosterone radioimmunoassays for hawksbills captured in the refuge were
unavailable at the time of this report, but will be provided to your office when the analysis
have been completed.

Recaptures and Growth rates

During this report period we recaptured four hawksbill turtles in the KWNWR. Time at
large ranged from 98 to 327 days. All recaptured hawksbills were juvenile animals and ranged
in size from 29.5 – 46.4 cm SCL at initial capture. Based on an admitably small sample size,
hawksbills appear to have the smallest home range of any other sea turtle species in the refuge.
One hawksbill was captured approximately eight meters away from its original capture
location in Mooney Harbor after 98 days at large and the other three turtles recaptured in the
refuge were all captured within 200 meters of their original capture locations. Mean growth
calculated for these eight turtles was 10.1 cm SCL per year.  The rate at which juvenile
hawksbill turtles grew during this report period was remarkable, but these data are preliminary



and more samples are needed to accurately describe growth among hawksbill turtles in the
refuge.

Genetics

During this report period samples from 13 hawksbills captured in the Key West
National Wildlife Refuge were analyzed to determine genetic origin.  The results presented
here are broad as the latest sequencing of haplotypes does not clearly define origin to a specific
country or region. No Florida haplotypes were found in these samples, mainly because nesting
is rare in the state, but the refuge does provide developmental habitat for hawksbills from
Mexico, Puerto Rico and Cuba. More samples are needed to validate these initial findings.

Haplotype

Percent of
hawksbill

turtles Potential Origin

A01 23.1% Puerto Rico, Cuba

A11 23.1% Puerto Rico

A23 30.1% Mexico

A41 15.4% Mexico

A43 7.7% Mexico, Puerto Rico
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