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Introduction:

Juvenile sea turtles occur in coastal bays and estuaries along the U.S. Atlantic coast from
Massachusettes to Florida. In the southern portion of this range, where water temperatures are
relatively warm throughout the year, sea turtles may remain resident in inshore areas. However,
in the northern part of the range, where water temperatures vary seasonally, sea turtles migrate to
and occupy inshore areas only during the Summer and early Fall. In recent years the inshore
waters have been shown to be important “developmental habitats™ for juvenile turtles, providing
food and shelter for several species.

The Delaware Bay is an important sea turtle “developmental habitat”, however it has yet
to be recognized as such despite the fact that it provides important habitat for threatened
loggerhead sea turtles (Caretta caretta) and Kemp’s ridley sea turtles (Lepidochelys kempii).
Juvenile sea turtles are known to occur in Delaware Bay annually between June and October
where they presumably forage on the rich abundance of crabs as well as other marine
invertebrates that occupy these waters. Until recently, nothing was known about the origins of
Delaware Bay loggerhead turtles. Researchers conducting genetic studies have found that
loggerheads stranded along the northeastern U.S. coast (Massachusettes through Maryland) are
derived from nesting populations located in Mexico, Florida, Georgia, and South Carolina
(Rankin-Baransky 1997). More recently, Plotkin and Spotila (unpublished data) tracked three
post-nesting adult loggerhead turtles (using satellite transmitters) from their nesting beach in
northern Georgia (Wassaw Island) to the mouth of the Delaware Bay, the eastern shore of
Maryland, and to Chesapeake Bay respectively. These results demonstrate for the first time that
northeastern U.S. coastal waters are not just “developmental habitat” for juvenile turtles, but that
these coastal waters are also important for reproductively active adults.

We conducted the first systematic study of sea turtles in Delaware Bay from June 1997 to
September 1997 to determine their distribution and abundance. We used three approaches to
obtain data for this study. First, we conducted monthly aerial surveys of the Delaware Bay from
June through August 1997 to determine locations of turtles and to estimate their abundance.
Second, we conducted weekly in-water surveys from June through September 1997 using tangle
nets to capture sea turtles in the areas where they were observed during aerial surveys. Last, we
conducted a sea turtle sighting survey of the public users of Delaware Bay and placed posters and

sea turtle sighting response cards at strategic locations along the New Jersey and Delaware sides



of the Bay .

Methods:
Aerial Surveys:

We conducted aerial surveys of Delaware Bay from a Cessna 172 flown at speeds ranging
from 100 mph to 224 mph and at an altitude between 300 — 500 ft above sea level. Surveys were
conducted along four transect lines that ran east-west in the lower Delaware Bay (Fig. 1). Two
observers were seated on the left and right sides of the plane and a third person acted as a
designated data recorder during the flights. Observers were capable of documenting sea turtles
from the transect line out to a distance of 150 m in either direction from the transect line.
Therefore, the strip transect we surveyed was approximately 300 m wide. Data recorded during
aerial surveys included the locations of turtles sighted, species of turtles sighted, and the time
that turtles were sighted. We used strip transect estimates of density (Epperly et al. 1995) to
estimate the density of turtles per 100 km® .

In-Water Captures:

Tangle nets were used for in-water captures of sea turtles at various locations in Delaware
Bay. Netting locations were chosen based on the locations of turtles sighted during our aerial
surveys and from sea turtle sighting records obtained from public users of Delaware Bay. We
used 2 different sized nets for turtle captures:100 yd x 8 ft deep x 10 in mesh and 100 yd x 30 ft
deep x 6 in mesh. Tangle nets were equipped with a foam core float line and a lead core sink line.
Large surface bullet floats were attached to the float line approximately every 10 ft to facilitate
visual detection of animals entangled in the net. Net deployment was conducted by boat during
daylight hours with at least one boat monitoring the floats on the nets at all times. Nets were
retrieved and checked for sea turtles and other organisms every 30 minutes. Turtles captured in
nets were removed and brought onboard the vessel for processing. Processing included standard
measurements (curved and straight-line carapace length and width, weight, etc.), visual
evaluation of the condition of the turtle, photography, PIT tag injection and flipper tag

application

Public Sea Turtle Sighting Survey:



Figure 1. Delaware Bay and location

of aerial surveys



We placed sea turtle sighting posters (Fig. 2) and postage-paid response cards (Fig. 3) at
marinas, piers, and docks along the New Jersey and Delaware coasts to educate the public about
sea turtles and to encourage them to report sea turtle sightings and strandings. The posters
provided general information about sea turtles and their protected status, contact information for
reports of stranded turtles, and line drawings of sea turtles. The postcards were attached to the
posters and provided detailed information about each of the 5 sea turtle species that occur in the
region as well as line drawings to facilitate the identification of each species. Specific
information requested on the postcards included: date of the turtle sighting, location of sighting,
species sighted, comments, and name and address of respondent. Comments requested from the
sightings included: size, color and shape of the turtle; behavior and appearance of turtle; if the

turtle was captured incidental to other activities and if so, the method of capture.
Results:

Aerial Surveys:

We conducted 3 aerial surveys on 20 June 1997, 31 July 1997, and 15 August 1997. The
four transects flown during each survey were 31.1 km, 43.1 km, 45.7 km, and 20.6 km in length
(Table 1). The total area surveyed per survey was approximately 42.15 km®. We sighted 10
turtles during the first survey, 9 turtles during the second survey and 14 turtles during the third
survey. A total of 33 loggerhead turtles were sighted during all three surveys (Figs. 4 and 5).
Most of the loggerhead turtles were large adults and perhaps sub-adult as well. We estimate that
there were 23.72 turtles/100 km” during the first survey, 21.35 turtles/100 km? during the second
survey and 33.22 turtles/100 km? during the third survey (Table 1).

The estimated density of turtles in Delaware Bay based on our aerial survey data was
comparable to or greater than density estimates (also based on aerial survey data) reported from
areas along the southeastern U.S. (Table 2). For example, our sea turtle density estimates were
greater than those reported for sea turtles in Pamlico Sound and Core Sound, North Carolina
(Epperly et al. 1995).

In-Water Captures:

We deployed tangle nets at various locations of Lower Delaware Bay from June through



Table 1. Number of sea turtles sighted on the surface of Delaware Bay during aerial surveys and estimated densities: June — August

1997.
Survey Date Transect # Turtles Total distance Total area Turtle’km®>  Turtle/100 km?
sighted surveyed (km) surveyed (km?)
20 June 1997 1 0 51.1 9.33
2 7 43.1 12.93
3 3 45.7 13.71
4 0 20.6 _6.18
42.15 0.237 23.72
31 July 1997 1 6 31.1 9.33
2 2 43.1 1293
3 1 45.7 13.71
4 0 20.6 _6.18
42.15 0.2135 21.35
15 August 1997 1 5 31.1 933
2 J 43.1 12.93
3 1 45.7 131
4 1 20.6 £.18
42.15 0.3322 33.22
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Service and Drexel University are conducting a study to determine
what turtle species inhabit Delaware Bay waters and where they
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sight a live turtle, fill out the card as best as you can and drop it
in the mail. If you sight a dead turtle, call Delaware Division of o &
Fish and Wildlife at (302) 739-3441 or in New Jersey the Marine
Mammal Stranding Center (609) 266-0538.
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® Heart-shaped shell
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comments saction, note behavior and appearanca of turtle, if the turtle was captured incidentally, and
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sightings. If you see a dead sea turtie, contact Marine Mammal Stranding Center (609) 266-0638 in

New Jersay, or Delaware Division of Fish and Wildlife at (302) 739-3441 in Delaware.
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Table 2. Sea turtle density estimates based on aerial surveys conducted in U.S. Atlantic
coastal waters (strip transect estimates).

Estimated Density
Location of Turtles/100 km® Reference
Delaware Bay 21.35-33.22 This report
Lower Chesapeake Bay 0-574 Keinath et al. 1987
Mid Chesapeake Bay 0-8S5 Keinath et al. 1987
Pamlico Sound 0-6.53 _ Epperly et al. 1995
Core Sound 0-30.48 Epperly et al. 1995

Southern Georgia 0-62.02 Braun and Epperly 1996




Figures 4 and 5. Detailed maps of Delaware Bay showing the locations of sea turtles sighted
during aerial surveys (red dots=20 June; yellow dots=31 July;blue dots=15 August)
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early September 1997. Most of the netting locations overlapped with areas where we had
observed turtles during our aerial surveys. We deployed 2 nets on 21 different days for a total of
103 hours and 3 minutes (Table 3). During our in-water survey we observed 10 loggerhead
turtles, captured 2 live male loggerheads, and found one half of a dead loggerhead floating in the
water (Appendix I). The two live turtles captured in the nets were 90 cm and 108.2 cm curved
carapace length and could not be lifted onboard the boat because of their weight. We attached
NMEFS flipper tags to both turtles and PIT-tagged one of the turtles. Turtles were released
unharmed after they were tagged.

Public Sea Turtle Sighting Survey:

We received 60 postcard responses from public users of Delaware Bay (Table 4). Most
respondents were recreational fishermen who were fishing in the lower Delaware Bay. A few
sightings were reported by people travelling on the Ferry from Cape May, New Jersey to Lewes,
Delaware. A total of 64 turtles were sighted and reported by the public. Loggerhead turtles were
the most common species sighted (N=52), followed by hawksbill turtles (Eretmochelys
imbricata) (N=4), and green turtles (Chelonia mydas) (N=2). Two turtles were not identified to
species. We suspect that all of the hawksbill and green turtles reported by the public were
actually loggerhead turtles because these species are uncommon in Delaware Bay. Second, the
size and behavioral observations reported for some of the hawksbill and green turtles were not
descriptive of either species (e.g. turtle was observed eating crabs, turtle weighed 300 Ibs, “turtle
spit out bait and hissed”).

Recreational fishermen reported the incidental capture of 12 loggerhead turtles of the 64
turtles sighted (18.8 %). All turtles were captured on hook and line. Some of the hooks were
baited with squid, minnow, crab, and bloodworm. Turtles captured were hooked in the flipper
(N=1) and presumably in the mouth (N=11) although this information was not specified on the
response cards. Responses to the fate of the hooked turtles included: hook not removed (N=1);
hook came loose at surface (N=1); line cut (N=1); turtle released unharmed (N=4); and no
response provided (N=5).



Table 3. In Water Netting Survey of Delaware Bay June - September 1997.

Date Time Latitude Longitude Duration Sea Turtles
Observed captured

25 Jun 8:21 39°08.44' 75°12.04' 3h 54min 1 0
25 Jun 13:15 39°09.07" 75°11.21 4h 23min 5 0
26 Jun 9:15 39°08.69' 75°11.46' 5h 45min 0 0
1 Jul 9:10 39°08.86° 75°11.38' 1h 50min 0 0
1 Jul 11:30 39°12.26° 75°14.67' 2h 15min 0 0
2 Jul 8:30 39°12.72' 75°14.91' 7h 1min 0 0
3 Jul 8:45 39°13.19° 75°15.52' 3h 15min 0 0
8 Jul 9:10 39°05.58' 75°09.70 1h 20min 2 1
8 Jul 12:15 39°08.32" 75°11.31’ 1h 1min 1 1
8 Jul 14:45 39°08.66' 75°11.16’ 1h 15min 0 0
9 Jul 9:35 39°12.69° 75°14.76 1h 29 min 0 0
9 Jul 11.36 39°10.44' 75°14.80’ 2h 12min- 0 0
10 Jul 9:05 39°10.71" 75°09.38’ 2h 43min 0 0
10 Jul 12:19 39°07.91" 75°10.51 2h 41min 0 0
15 Jul 9:34 39°01.20' 75°02.06’ Oh 13min 0 0
15 Jul 11:44 39°59.10’ 75°01.85 1h 50min 0 0
15 Jul 14:34 39°06.36' 75°15.38 2h 6min 0 0
16 Jul 8:38 39°11.05 75°15.30 2h 3min 0 0
16 Jul 11:05 39°09.62" 75°12.36' 3h 6min 0 0
17 Jul 9:38 39°06.89' 75°18.66’ 4h 32min 0 0
29 Jul 9:27 39°08.88° 75°17.95’ 2h 53min 0 0
29 Jul 13:37 39°18.63° 75°20.67 1h 33min 0 0
30 Jul 9:00 39°11.91" 75°10.44’ 2h 57min 0 0
30 Jul 12:26 39°05.60' 75°17.52' 5h 2min 1 (dead) 1 (dead)
floating cut in half

5 Aug 14:15 39°08.10' 75°05.64 2h 46min 0 0
6 Aug 9:38 38°59.25' 75°06.62 5h 50min 0 0
6 Aug 15:53 38°59.73' 75°04.08’ 2h 47min 0 0
7 Aug 9:29 39°04.11' 75°15.28' 2h 3min 0 0
7 Aug 11:44 39°00.26' 75°16.24' 3h 10 min 0 0
7 Aug 11:57 39°00.48' 75°16.38' 3h 51min 0 0
8 Aug 8:52 39°07.42' 75°09.56 1h 50min 0 0
8 Aug 11:26 38°59.00' 75°09.98' 2h 42min 0 0
19 Aug 11:32 39°07.42' 75°11.56' 2h17min 0 0
19 Aug 13:59 39°06.65' 75°09.97 1h 6min 0 0
19 Aug 16:00 39°08.77° 75°10.70° 1h 9min 0 0
21 Aug 9:00 blown off water by storm

22 Aug 10:01 38°59.58' 75°04.54' 1h 36min 0 0
22 Aug 12:23 38°59.09' 75°06.02' 1h 12min 0 0
5 Sep 11:40 39°26.54' 75°30.38' 1h 20min 0 0
5 Sep 14:05 39°26.03' 75°27.69 2h 5min 0 0
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Conclusions:

Our results from aerial surveys, in-water netting, and the public users survey demonstrate
that from June through September the lower Delaware Bay provides important habitat for a large
number of loggerhead turtles. We were surprised at the numbers of turtles sighted during aerial
surveys and especially at the density estimates we derived from these data. Delaware Bay turtle
density estimates are similar to the densities reported for Virginia, North Carolina and Georgia
where turtles are presumably significantly more abundant.

Although we did not catch juvenile turtles during this study, we did observe 2 juvenile
loggerheads (about 50 cm curved carapace length) while we were netting. We believe that most
of the juvenile turtles went undetected by us because they were too small to observe during aerial
surveys and because our netting efforts were concentrated in the deeper waters where the adult
turtles appeared to be most abundant. Prior reports of juvenile Kemp’s ridleys and loggerheads
in Delaware Bay had already established this area as a potentially important “developmental
habitat” for sea turtles. These juvenile loggerhead turtles are derived from nesting populations
located in Mexico, SE Florida and Georgia-SC-Northern Florida (Rankin-Baransky 1997).

Our findings, in addition to the results from Plotkin and Spotila (unpublished data) who
tracked three post-nesting loggerhead turtles from Wassaw Island, Georgia to the Delmarva
Peninsula, demonstrate for the first time that northeastern U.S. coastal waters are inhabited
seasonally by reproductively active loggerhead turtles. Furthermore, these results suggest that in
order to recover the genetically distinct Georgia-SC-NFLA loggerhead nesting populations, we
need to extend research, management and conservation efforts to areas as far north as Delaware
Bay.

There are numerous documented and potential anthropogenic threats to sea turtles in
Delaware Bay. First, results from this study demonstrate that a significant number of sea turtles
are incidentally captured on hook and line by recreational fishermen and these turtles are injured
or killed during this interaction. Second, because many of the turtles we sighted during aerial
surveys were swimming in or near the ship channel, there is a potential for interaction between
sea turtles and any channel dredging that may take place in the Delaware Bay. Third, collision
with boats and their propellors may be a significant threat to Delaware Bay turtles, particularly
because of the large amount of vessel traffic in and around the Delaware Ship Channel. We

found the front half of a loggerhead turtle that appeared to have been cut in half by a ship or



boat’s propellar blade (Appendix I). Fourth, the horseshoe crab (Limulus polyphemus) fishery in
Delaware Bay has recently started using benthic trawls to harvest large numbers of crabs. These
trawlers have been unregulated and have the potential to incidentally capture and kill sea turtles.
Finally, the recent precipitous decline of horseshoe crabs in Delaware Bay, due to overcollecting
of crabs on their nesting beaches and to overfishing in the Bay, probably threatens sea turtles by

removing one of their important food sources.
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