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INTRODUCTION

Since 1978, the Broward County Department of Natural Resource
Protection (DNRFP) has provided for the conservation of endangered and
threatened sea turtle species within its area of responsibility. Broward
County is within the normal nesting areas of three species of sea turtles:
Caretia caretta (the loggerhead sea turtle], Chelonia mydas (the green sea
turtle) and Dermochelys coriacea (the leatherback sea turtle). C. caretta is
listed as a threatened species, while C. mydas and D. cortacea are listed as
endangered under the U.S. Endangered Species Act, 1973, and Chapter
370, F.5.

Since these statutes strictly forbid any disturbance of sea turtles
and their nests, conservation activities involving the relocation of nests
from hazardous locations (especially necessary along heavily developed
coasts) require permitting by the U,S. Fish and Wildlife Service (USFWS),
In Florida, this permit is issued to the Florida Department of Environ-
mental Protection (FDEP), which subsequently issues permits to individ-
uals, universities and local government agencies. This project was admin-
istered by the DNRF and conducted by the Nova Southeastern University
Oceanographic Center under Marine Turtle Permit #108, issued to the
DNRP by the FDEP Institute of Marine Research, St. Petersburg. Florida.
The DNRP is especially concerned with any environmental effects of
intermittent beach renourishment projects on shorelines and the offshore
reefs. As part of this concern, the DNRP has maintained the sea turtle
conservation program in non-renourishment years Lo provide a continuous
data base.



Operation of the program is issued based on a review of submitted
bids. Nova Southeastern University was awarded the contract to conduct
the 1996 program.

In addition to fulfilling statutory requirements, the purposes of the
project were:

1) to relocate eggs from nests deposited in sites threatened

by mnatural processes or human activities and thus
maximize hatchling recruitment,

2) to accurately survey sea turtle nesting patterns to
determine any historical trends and assess natural and

anthropogenic factors affecting nesting patterns and
densities,

3) to assess the success of sea turtle recruitment and of
hatchery operations in terms of nesting success, hatching
success and total hatchlings released,

4] to dispose of turtle carcasses, respond to strandings
and other emergencies and maintain a hot-line for
reporting of turtle incidents, and

5) to inform and educate the public about sea turtles and

their conscrvation.



MATERIALS AND METHODS

Beach Survey

Daily beach surveys commenced at sunrise or 6:00 AM (whichever
came first), except at Fort Lauderdale where early beach cleaning required
a slightly carlier start. For survey purposes the County was divided as
follows:

BEACH DEP
BEACH LENGTH BOUNDARIES SURVEY
(km) MARKER #
Hillsboro-Deerfield Beach 7.0 Palm Beach Co, line to 1-24
Hillsboro Inlet
Pompano Beach 7.7 Hillsboro Inlet to 25-50
Commmnercial Bhvd.
Fort Lauderdale 10.6 Commercial Blvd. to 51-84
Port Everglades Inlet
John U. Lloyd Park 3.9 Fort Everglades Inlet to 86-97
Dania Beach fence
Hollywood-Hallandale 9.4 Dania Beach fence to 98-128
Dade Co. line

Daily surveys of Hillsboro-Deerfield, Pompano. Fort Lauderdale and
Hollywood-Hallandale beaches commenced on March 1, 1996. All surveys
continued through September 15th. The beach at John U. Lloyd State
Park was patrolled by park personnel who provided the data for that area.
Except in Lloyd Park, nest locations were referenced to FDEP beach
survey bench marks numbered consecutively from 1 to 128 (N to S).
Marker numbers corresponding to each beach area are listed above. Each



nest was initially located relative to the nearest building, street, or other

landmark. These locations were later cross referenced to the nearest

survey marker.

In John Lloyd Park, four 1 ki zones (zone 1 farthest north) were
used for recording nest locations, due to the relative lack of beach

landmarks. This was also done to provide continuity with the data
collected in Lloyd Park during previous years.

Surveyors used four-wheeled all-terrain vehicles which can ecarry up
to five turtle nests per trip in plastic buckets. The usual method was to
mark and record nests and false crawls on the first pass along the beach
and then dig and transport nests in danger of negative impacts on the
return pass. Due to early beach cleaning in Fort Lauderdale, two workers
picked up the nests on the first pass. Nests were transferred, at
prearranged meeting sites, to a third person who transported them to their
destination by car. Nests were often transported to fenced beach
hatcheries directly on the all-terrain vehicles. When there were many nests
requiring relocation, additional trips were occasionally necessary. After

measuring the flipper-to-flipper track width (as an index of turtle size),

crawl marks were obliterated to avoid duplication.

Nests in danger of negative impacts were defined as follows:
1) a nest located within 20 feet of the previous evening wrack line,

2) a nest located near a highway or artificially lighted area defined
as a beach area where a worker can see his shadow on a clear

night,

3] a nest located in an area subject to beach renourishment,



Especially due to definition 2. all of the discovered nests at
Pompano and Hollywood-Hallandale, and Fort Lauderdale beaches
were considered to be in danger of negative impact and therefore were
relocated to fenced beach hatcheries or to one of six unfenced beach
locations at Hillsbore Beach. Two of these open beach hatchery
locations had been utilized in previous years. These were designated
HB1 located at the Hillsboro Club, immediately north of the Hillsboro
Inlet, and HB3 near the Ocean Crest condominiums at 1189 A1A Last
year's site designated HB2 at the Mc Millan property, 1125 AlA, was
not used this year. Instead, three hatchery sites were established near
0923, 925 and 969 AlA. These locations were designated HB923,
HB925, and HB969, respectively. At the peak of the nesting season,
the HB923 and HB925 sites enlarged until they effectively merged. The
relocation area between these sites was designated HB923/5. Nests
deposited in Hillsboro Beach, which were in danger of negative
impacts, were relocated to less hazardous nearby locations on that
beach (HB), not necessarily to the hatchery areas listed above,

Nests to be relocated were carefully dug by hand, and
transported in buckets containing sand from the natural nest
chamber. The depths of the natural egg chambers were measured. The
eggs were then transferred to hand-dug artificlal egg chambers of
similar dimensions, which were lined with sand from the natural nest.
Care was taken to maintain the natural orientation of each cgg.

Those nests not in danger on Hillsboro Beach and Lloyd Park
beaches, were marked and left in site After hatching, 192 of these
nests at Hillsboro Beach were excavated for post emergence
examination. At Lloyd Park, 176 in sifu nests were evaluated by Park



personnel and are included in this report. An additional 34 nests from
Pompano Beach, Fort Lauderdale and Hollywood-Hallandale beaches
were missed during the initial surveys but were discovered on the
morning after (or night of) hatching. These nests were also investigated
for hatching success and are included in the totals. Hatching success
was defined as the total number of shells minus the number of
hatchlings found dead in the nest [DIN), dead piped eggs (PIP). and
eggs with visible (VD) or no visible development (NVD). The number of
hatchlings found alive in the nest (LIN) were also counted so that the
percent of hatchlings naturally emerging from nests could be
calculated. All live hatchlings found in nests were released and are
included as hatchlings released.

Hatchery Operations

As in previous years, early nests were transferred to one of three
chain-link fenced hatcheries located at Pompano beach near Atlantic
Blvd., at the South Beach municipal parking lot in Fort Lauderdale, or
at North Beach Park in Hollywood. After hatching, all hatchery nests
were dug, and countsa of spent shells, live hatchlings, dead hatchlings,
piped eggs and eggs with arrested or no visible development were
made.

Hatchery nests displaying a depression over the egg chamber,
indicating eminent hatchling emergence. were covered with a
bottomless plastic bucket to retain hatchlings, although the turtles
sometimes escaped these enclosures by digging around them.
Hatching success was defined as the percentage of relocated eggs
resulting in live released turtles, the same as for in situ nests. After
hatching commenced, the hatcheries were checked twice each night.

&



once between 9:00 PM and midnight and again just prior to 5:00 AM.
Hatchlings were released that same night in dark sections of Fort
Lauderdale, Hillsboro Beach, Hollywood or Lloyd Park beaches by
allowing them to crawl through the intertidal zone into the surf
Hatchlings discovered in the morning in the hatcheries were collected
and held indoors in dry Styrofoam boxes in a cool, dark place wuntil
that night, when they were released as above.

Because of the high nesting density early in the season and the
high percentage of relocated nests, the Pompano and Fort Lauderdale
hatcheries were filled by mid May. After filling the hatcheries, Fort
Lauderdale and Pompano nests were relocated to Hillsboro Beach.
The fenced hatcheries were again used for nest relocation between July
8 and July 11, after the first nests hatched. All subsequent relocated
Fort Lauderdale and Pompano nests were taken to Hillsboro Beach.
Hatched nests in the hatcheries were completely dug out along with
the surrounding sand and replaced with fresh sand. The sand from the
old nests was spread outside the hatchery. Fresh sand was obtained
from elsewhere on the beach.

Data analvsis

The data were compiled, analyzed and plotted primarily with
Quattro Pro, version 5 (Borland Intermational Inc.) and Statistica,
release 4.2 (StatSoft, Inc.) software for Windows. County-wide yearly
nesting densities from 1981 to 1996 for C. caretta, C. mydas, and
D. coriacea were plotted and trends were assessed by linear regression
and correlation analyses. Seasonal nesting patterns for C. caretta and

C. mydas were plotted for each of the five beaches. Nesting densities
were calculated for each beach [nests per km) and the data (except for



D. coriacea) were compared using 1-way repeated measures analysis of
variance (ANOVA) and Newman-Keuls (NK) tests (at the .05
gignificance level). The total number of nests deposited by each species
in the beach segments corresponding to each FDEP survey marker was
tabulated and plotted. Total nesting success (nests/total crawls) for
each species at each beach was computed and the mean daily nesting
successes of C. caretta and C. mydas at each beach was compared by
repeated measures ANOVA and NEK analyses. The total nesting
success in each beach segment for each species, was plotted versus its
FDEP survey number.

The total numbers of eggs for each species which were relocated
or left in situ at each beach or relocation site were tabulated. as well as
the overall hatching successes of relocated and evaluated in situ eggs
of all species. The overall hatching success of all eggs from relocated
and in situ nests were plotted from 1981 through 1996. Hatching
successes of C. caretta and C. mydas nests were plotted versus

deposition date, and the patterns were analyzed with linear regression
and correlation analyses. The mean hatching percentages and
proportions of the post-hatching egg categories (LIN, DIN, PIP, VD and
NVD) were tabulated from nests of each species deposited or relocated
at each of the individual beaches or relocation sites. The hatching
success of in situ and relocated C. caretia nests at Hillshoro Beach
were compared by one way ANOVA and NK analyses. The proportions
of all post-hatching nest evaluation categories from in situ and
relocated C. caretta nests at Hillsboro Beach were compared using a
large-sample hypothesis test of population proportions (percent test)
(Weiss and Hassett, 1991).



RESULTS

Figure 1 shows the historical trend in the total number of sea
turtle nests deposited in Broward County since 1981. A total of 2810
nests were counted in 1996, exceeding the previous year's record by
6.7 percent. The mean nest count of 2386 for the last seven years
remains very significantly greater than the average of 1412 nests for
the first nine years of the project (t test; t = 8.2, p<<.0001). This year
also marks the third consecutive yearly inerease in total nest counts.

SEA TURTLE NESTING HISTORY
ALL SPECIES COMBINED

000

NESTS PER YEAR
g

_;,..l"" |

T EEEEEE E EEE L
YEAR

Figure 1: The historical pattern of total sea turtle

nesting in Broward County since full surveys

commenced in 1981,




Figure 2 shows the yearly nesting trends of loggerhead. green
and leatherback sea turtles. The mean C. earetta count for the last two
vears is significantly greater than the average from 1990 through 1994
(t test; t = 5.45, p = .0028). The overall historical trend in loggerhead
nesting remains strongly positive, This year's count continued the
positive trend, which was stagnant from 1990 through 1994. C. mydas
nesting continued the alternate high-low pattern of the last seven
years. This year was the third most heavily nested year since 1981,
but this year's count was not significantly different than the mean of
the three previous high nesting vears (t-test: p=0.19). Only two D.
coriacea nests were deposited this year. This represented a decline
from the counts of the last three years, but such fluctuations have
occurred previously. Figure 3 shows the seasonal pattern of daily C.
caretta nesting. Table 1 and Figure 4 give the total C. caretta nesting
densities and seasonal patterns for the five beaches, respectively. A
Newman-Keuls test showed significant differences between all the
beaches, except between Lloyd Park and Fort Lauderdale.

The County-wide seasonal nesting patterna of C. mydas and D.
coriacea are shown in Figure 5 and for the individual beaches in Figure
6. The first D. coriacea and C. mydas nests were deposited on May 8th
and May 31st, respectively. on Hillsboro Beach. The first C. caretia
nest was deposited on April 23, also at Hillsboro Beach. Nesting
counts and densities for C. mydas are shown in Table 2. As in past
years, Hillsboro Beach and Lloyd Park beaches had the highest nesting

densities. Table 3 gives the nesting densities of D, coriacea on the five
beaches.
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and leatherback sea turtles in Broward County since 1981.
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Table 1: Total C.caretta nests and nesting densities expressed as nests-per-
kilometer for the 1996 season. Vertical lines at the right overlap groups
where means were not distinguishable in a Newman-Keuls test (alpha = .05)

of mean daily nesting per km.

BEACH TOTAL BEACH Nests per MEAN DAILY
NESTS LENGTH km NESTS/km
(km)
Hollywood 89 9.4 9.47 054 |
Park 206 3.9 52.82 314
Ft. Lauderdale 652 10.6 61.51 316
Pompano Beach B48 Th 110.13 639 |
Hillsboro Beach 901 7.0 128.71 765 |

OVERALL 2696 38.6 59.84
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Table 2: Total C. mydas nests and nesting densities expressed as nests-per-
kilometer for the 1996 season. Vertical lines at the right overlap groups
whose means were not distinguishable in a Newman-Keuls test (o« =.05) of
mean daily nesting per km.

BEACH TOTAL BEACH Nests per MEAN DAILY
NESTS LENGTH km NESTS/km
[k}
Hollywood 3 0.4 0.32 002
Ft. Lauderdale 9 10.6 0.85 005
Pompano Beach 10 7.7 1.30 008
Lloyd Park 18 3.9 4.62 027
Hillsboro Beach 72 7.0 10.29 062 |

OVERALL 112 38.6 2.90
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Table 3: Total D. coriacea nests and nesting densities
expressed as nests-per-kilometer for the 1996 season.
Data were too few for reliable statistical comparison of

mean daily nesting densities.
BEACH TOTAL BEACH Nests per
NESTS LENGTH km
(kam)

Hollywood 0 9.4 0

Lloyd Park 0 3.9 0

Ft. Lauderdale 0 10.6 0
Pompano Beach 1 7.7 0.13
Hillsboro Beach 1 7.0 0.14
OVERALL 2 38.6 0.05

Figure 7 shows the distribution of C. caretta, C. mydas and D.
coriacea nesting in each 1000 foot zone of Broward County beach (1 km
zones in Lloyd Park) during 1996. The general features of this pattern have
remained recognizable since the project’'s inception. This year, there was
unusually dense nesting in zone 8 in northern Hillsboro Beach.

Figure 8 and Table 4 present the County-wide distribution of
nesting success for the three species. C. careffa nesting success was

significantly lower on Hollywood-Hallandale and Lloyd Park beaches than
at the more northerly beaches, which were not statistically different from
each other. The nesting success of C. mydas was not significantly different
throughout the County, and the data for D. coriacea was too low for
analysis. Table 5 gives the total number of nests for each species that
were relocated to Hillsboro Beach or to fenced hatcheries, as well as the

18
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Table 4: Total nests, false crawls (FC) and percent nesting success (NS] for three
sea turtle species on each of five Broward County beaches during 1996. Vertical
lines for C. caretia overlap means which were not distinguishable in a Newman-
Keuls (N-K) test. ANOVA showed no significant differences in C. mydas nesting
success and D. coriacea nesting was too sparse {or analysis.

BEACH C. caretta C. mydas D. coriacea

Nests FC NS nxk Nests FC NS Nests FC NS

Hollywood 89 154 36.6 3 6 33.3 0 0 -

Lloyd Park 206 293 41.3 18 45 28.6 0 0 -

FL. Lauderdale 652 715 47.7 9 13 409 0 0 -
Pompano Beach 848 907 483 10 16 385 1 0 100
Hillsboro Beach 901 B68 50.9 2 63 533 1 0 100
OVERALL 2606 2937 47.9 112 143 439 2 0 100

21



Table 5: Total Number of C.caretta, C. mydas

and D. coriacea nests relocated to Hillsboro
beach or fenced hatcheries, or left in sifis

RELOCATED

Open Beach

Hillsboro Beach'
EH
BHI1
BH923
BHS25
BH923 /925
BH969
BH3

Lloyd Park

Hatcheries
FPompano

Ft. Lauderdale
Hollywood
Discovery Center

TOTALS
IN SITU

Hillsboro Beach

Pompano Beach
Ft. Lauderdale

Lloyd Park
Hollywood
TOTALS

GRAND TOTALS

C. caretia C. mydas

166 3]
769 15
34 0
317 2
77 1
81 0
79 0
47 1
62 1
48 0
86 3
1 0
1767 29
735 o6
23 )
8 0
159 17
3 0
928 83

22

D, coriacea

oo OO0 0O=D

e B B B

—_



numbers and locations of nests left in sitw Table 6 lists the total
number of eggs and emerged hatchlings from evaluated in situ and
relocated nests. The numbers of predated nests and nests which were
unevaluated due to stake removal are also listed. The hatching success
of relocated C. caretta nests declined by 4 percentage points from the
1995 value while the in situ C. caretta hatching success rate improved
by 0.5 percentage points compared to last year. The difference
between the hatching rates of in situ and relocated C. caretta
increased from 4.5 percent in 1995 to 9.0 percent in 1996. This was
approximately the same difference as in 1994. The success of relocated
C. mydas nests improved from 55.6 to 64.3 percent from 1995 to
1996, but in the single relocated D. coriacea nest, all 81 eggs failed to
hatch and showed no visible development. For in sifu nests, the
hatching success of C. mydas increased by 8.2 percent. The single in
situ D. corincea nest showed no signs of hatching and was not
investigated for hatching success.

Figure 9 illustrates the seasonal patterns of the hatching
success of in situ and relocated C. caretta nests, As observed in past

vears (except 1994) there was a slight, but very significant (r = .211, p
<< .0001) decline in hatching success for relocated C. caretia nests

over the course of the season. This was not observed for in situ nests,
where the slope of the trend line was not significantly less than zero.
Figure 10 shows the same information for relocated and in situ C.
mydas nests. Both the relocated and in situ nests showed significant
increases (r=.481, p=.010 and r=.347, p=.044 respectively) in hatching
success, This was also observed in 1994, but not in 1995, Figure 11
illustrates the hatching success distributions for in situ and relocated
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Table 6: Total egg counts, released hatchlings and overall
hatching successes for in situ and relocated nests of C.caretta,
C.mydas and D.coriacea in 1996,

SPECIES NUMBER n* HATCHLINGS HATCHING
OF RELEASED SUCCESS
EGGS (%)
In situ Nests
C. caretta 35549 374 27466 77.3
C. mydas 3195 27 2692 84.3
D. coriacea 0 0 - -
Total 38744 401 30158 77.8
Relocated Nests
C. caretta 175206 1624 119630 68.3
C. mydas 2758 23 1774 64.3
D. coriacea 91 1 0 0
Total 178055 1648 121404 68.2
Owverall
C. caretta 210755 1998 147096 69.8
C, mydas 5953 50 4466 74.8
D, coriacea 91 1 0 0
Taotal 216799 2049 151562 69.9

* n = The number of nests actually investigated for hatching
success percent.

There were 10585 eggs from 87 predated C. caretta nests and 271
eggs from 2 predated C. mydas nests which were not included in
the totals. In addition, there were 5737 eggs from 53 C. caretta
nests and 428 eggs from 4 C. mydas nests which were not
evaluated due to marker removal.
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Figure 9: Comparison of seasonal hatching success
trends for relocated and in situ loggerhead nests

during 1996
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loggerhead nests, 1996

C. caretia nests. Figure 12 shows the historical patterns of the yearly
hatching success of all species combined, since 1981,

Table 7 gives the post-hatching nest evaluation data for all in
situ and relocated C. caretta nests for all beaches. Table 8 and 9 show

the same data for C. mydas and D. corlaceq, respectively. Table 10
compares the means of all the individual hatching success rates for all
C. caretia nests either laid or relocated on Hillsboro Beach. Hatching
successes at the new hatchery sites BH923, BH923/5 and BH925
were not statistically different from each other, but were significantly
lower than at the older BH1 and BH3 locations as well as for in situ
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Figure 12: The historical patterns of yearly hatching success for

all evaluated in sifu and relocated sea turtle nests, since 1981.
and relocated nests which incubated on Hillsboro Beach outside the
designated hatchery areas.

Hatching success at the main relocation site (BH1) was not
statistically different than for in situ or non-hatchery relocated nests,
while success at the BH3 relocation site was the highest of all the
Hillsboro locations.

Table 11 compares hatching success and the post-hatching nest
evaluation categories for relocated and in situ C. carefia nests at
Hillsboro Beach. As in previous years, the difference in the hatching
success of relocated nests was significantly lower than for in situ nests.
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Table 7: Accounting of the status of all hatched and unhatched

eggs in investigated in situ and relocated C. caretta nests during
1996.

Location
Total Hatched LIN DIN PIP VD NVD
Eggs Eges (%) (6 (%) (%) (%) (%)
In situ Nests
Hillsboro Beach 18639 734 33 24 60 57 125
Pompanc Beach 2416 B4.7 53 34 20 25 73
Ft. Lauderdale 952 81.7 59 37 20 18 108

Llovd Park 13202 81.2 6.7 0Or 4.7 = 15.5

Hollywood 340 71.8 9 62 26 65 129
Relocated Nests
Hillsboro Beach

BH 9827 73.2 57 16 7.1 3.7 1l4a4

BH1 78563 69.1 85 16 12.7 36 129

BH 923 3419 62.9 69 1.7 227 42 8BS

BH 925 33399 57.9 99 12 147 68 193

BH 923/5 8234 58.9 108 1.5 165 6.0 16.9

BH 969 7847 64.3 142 16 188 7.1 11.6

BH 3 7126 82.9 62 15 67 19 7.0

Pompano Beach 6861 68.8 60 11 48 65 18.7

Ft. Lauderdale 5595 83.8 26 06 39 09 108

Lloyd Park 4607 77.9 1.5 18 58 - 14.5

Hollywood 9728 80.6 4.1

o
~

4.7 16 122

Hatched Eggs - The percentage of empty shells found in the nest
DIN - Hatchlings found dead in the nest when it was excavated
LIN - Hatchlings found alive in the nest when It was excavated
PIP - Dead hatchlings which only partially emerged from their eggs.
VD - Unhatched eggs with signs of visible embryo development when
opened
NVD - Unhatched eggs with no signs of embryo development

* - Unreported category; all unhatched eggs listed as NVD
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Table 8: Accounting of the status of all hatched and unhatched

eggs in investigated in situ and relocated C. mydas nests during
1996. Abbreviations as in Table 7.

Location Total Hatched LIN DIN FIP VD NVD
Eggs Eggs (%) (%0 (G0 (G0 (G0 (90
In situ Nests
Hillsboro Beach 1185 87.3 1.8 0.5 1.4 26 8.2
Lloyd Park 2010 825 1.0 09 32 - 13.4
Relocated Nests
Hillsboro Beach
BH 137 39.4 13.1 1.5 226 7.3 292
BH1 1666 68.8 10.1 06 6.1 3.7 20.8
BH 925 258 42.2 143 1.6 151 252 15.9
BH 923/5 66 25.8 227 746 BHBB.1 1.5 9.1
Pompano Beach 125 13.6 96 00 7.2 592 200
Lloyd Park 142 88.0 7.7 00 0.0 " 12.0
Hollywood 364 84.1 41 00 08 03 14.8

Table 9: Accounting of the status of all hatched and unhatched
eggs in investigated in situ and relocated D. coriacea nests
during 1996. The single in sifu nest showed no signs of hatching
and was not evaluated. Abbreviations as in Table 7.

Location
Total Hatched LIN DIN PIF VD NVD

Eggs Eggs (%) (%) (36 (36) (30) (30)
Relocated Nests

Hillsboro Beach
BH1 91 0.0 0.0 0.0 0.0 0.0 100
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Table 10: Comparison of the mean hatching
successes of relocated and in situ C. carefta nests

on Hillsboro Beach. Vertical lies at right overlap
means which were not statistically different in a

Newman-Keuls test [a=.05).

NESTS MEAN HATCHING
LOCATION EVALUATED SUCCESS (%)
BH 925 317 59.3
BH 923/5 76 60.0
BH 923 31 63.2
BH 969 71 65.0
BH 1 734 70.3
BH In sifu 182 74.1
BH Relocated 88 74.3
BH 3 64 B2 4

Table 11: Comparison of hatching success, and all categories
of falled eggs from investigated in situ and relocated C. caretta
nests at Hillsboro Beach, using the large-sample hypothesis
test of two population proportions (percent test). Percentages
in each category are given in parentheses. Abbreviations as in
Table 7.

IN SITU RELOCATED

EGGS 35549 175206 Z P
RELEASED
HATCHLINGS 27466 (77.3) 119630 (68.3) 37.2 <<.0001
LIN 904 (2.5) 14256 (8.1) 37.2 <<.0001
DIN 684 (1.9 2531 (1.4) 6.7 <.0001
FIP 1544 (4.3) 20670 (11.8) 41.7 <<.0001
VD 1164 (3.3) 7438 14.2) 8.4 <.0001

NVD 4691 (13.2) 24871 (14.2) 4.9 <.0001
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This was primarily due to higher proportions of piped eggs in
relocated nests. LIN hatchlings were released and are included in the
live hatchling total and the hatching percent. The nine percent
difference in the percentage of live hatchlings released from in sifu and

relocated nests is small, but very statistically significant.

DISCUSSION

This year marked the second consecutive record number of sea
turtle nests recorded in Broward County since 1981, to continue an
upward trend which started in 1994 (Figure 1). This continues to
suggest that either the female population has increased or that
individual loggerheads are nesting more frequently (fewer non-nesting
years) or depositing more clutches per female in nesting seasons. The
consistently higher nest counts continue to argue against the
hypothesis that increased nesting has resulted from a chance
coincidental nesting of an unusually large proportion of the female

population in the same year. If this were true, there should also be
vears when an unusually large proportion of the females refrain from
nesting. Because at least one non-nesting vear usually follows a
nesting year for each female (Ehrhart, 1981), such synchronized
nesting would cause large variations in nest counts, which has not
been observed for C. caretta. It is also encouraging that this year's
loggerhead count (Figure 2] has continued the upward inclination,

which began last year, breaking the unchanging nesting trend of
1990 through 1994,
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C. mydas continued its trend of alternating high and low nesting
years [Fig 2). Three such cycles have been completed since 1989, and a
fourth cycle may have started this year. This pattern is consistent with
a synchronized two year nesting interval, with 1989, 1991, 1993 and
1995 being predominately non-nesting years. If 1995 was such a year,
it is encouraging that this year’s count was the highest of all the low-
nested years. This may be a tenuous indication that there has been
recruitment to the nesting population, or that the nesting synchrony is
breaking. If the trend continues, C. mydas nest counts in 1997 would
be intermediate between the 1995 and 1996 numbers.

D. coriacea nest counts (Fig. 2) declined from 15 nests in 1995 to
only 2 in 1996. Such large percentage fluctuations are not
unprecedented in Broward County, and the long-term outlook for D.
corincea nesting remains unclear.

The seasonal pattern of C. caretta nesting in Broward County
(Figs. 3) conformed to historical expectations, showing a relatively
symmetrical bell-shaped trend with the first nest in late April and mid
season in late June. The apparently anomalous pattern of 1994
(Burney and Margolis, 1994), when nesting Increased unusually
rapidly during the early season and then declined abnormally quickly,
showed no signs of reoccurring this year. Seasonal patterns at the
individual beaches were also historically normal.

The rank order of C. caretta nesting densities on the five beaches
(Table 1) was similar to previous years, except that Hillsboro Beach
again assumed its usual position as the most heavily nested region of
Broward County. Higher nesting densities in Pompano Beach during
1994 and 1995 were thought to be due to worsening beach erosion at

i3



Hillsboro Beach (Burney and Margolis, 1994; 1995). This hypothesis
was apparently erroneous because this vear's nesting at Hillsboro
Beach increased by 42 percent from 1995, with no obvious
improvement in the state of erosion.

The seasonal patterms of C. mydas nesting (Figure 5-8) was
typical of a high nesting year (Burmney and Margolis, 1994, Burney and
Mattison, 1992, 1990}, with maximum nesting cccurring in mid to late
July. The first D. coriacea nest, deposited on May 8, was guite late
when compared to previous years in which nesting has begun in
March (Burney and Margolis, 1994). The beginnings and ends of the
nesting seasons for all three sea turtle species were within historical
limits for Broward County (Meylan, Schroeder and Mosier, 1995). C.
mydas continued to prefer Hillsboro Beach and Lloyd Park beaches
over other areas (Table 2; Figs. 6 and 7), probably because of their
seclusion and relative lack of mocturnal illumination. This year, D.
coriacea nested once at Hillsboro Beach and once at Pompano Beach
(Table 3; Fig. 6).

The distribution of C. caretta nesting along the Broward County
coast (Fig. 7) retains features which have been identifiable since the
project’s inception. As in the past, beaches near piers, inlets, the Fort
Lauderdale strip and throughout Dania, Hollywood and Hallandale
were lightly nested. This pattern and its apparent causes have been
discussed (Burney and Mattison, 1992; Mattison, Burney and Fisher,
1993). Patterns for 1994 and 1995 differed from past years because of
the reduction in nesting densities at Hillsboro Beach (Burmey and
Margolis, 1994; 1995). This year's pattern is more similar to the
historical norm, with higher nesting on Hillsboro Beach [Mattison,
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Burney and Fisher, 1993). The cause of the unusually high namber of
nests deposited in zone 8 on northern Hillsboro Beach is unknown,
but this area was very attractive to nesting females and received 75
percent more nests than last year. As scen in past years, the nesting
density pattern showed no correlation with the nesting success pattern
(Fig. 8). This continues to suggest that the selection of nesting sites is
primarily determined prior to the female’s emergence from the sea and
that the factors which influence nesting success (cause false crawls)
such as disturbance, unfavorable sand conditions, etc. do not
primarily control the nesting distribution throughout the County.

The nesting success of C. caretta (Fig. 8; Table 4) was not
statistically different on Fort Lauderdale, Pompano and Hillsboro
beaches, but it was significantly lower at Hollywood and Lloyd Park.
This is unlike the pattern of the last three years, when Lloyd Park
alone had significantly lower nesting success than the rest of the
County. This has been attributed to the rapid beach erosion in
northern Lloyd Park due to blockage of longshore sand transport by
the Port Everglades inlet and jetty. This year, €. carefta nesting
success on Hollywood-Hallandale beach declined by a very significant
13.5 percentage points (percent test; Z=3.22; P<.001)., making It
statistically indistinguishable from Lloyd Park. This decline, which far
exceeded the County-wide 4.5 percentage point reduction in nesting
success, indicated that Hollywood-Hallandale beach appeared to be a
much less hospitable nesting location than it was last year. This could
be due to the worsening erosion on parts of this beach, but erosion is
probably not the only factor involved, because the state of erosion at
Hillsboro Beach is currently much worse that at Hollywood-Hallandale.
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The nesting success of C. mydas was not statistically different
throughout the County (Table 4). Compared to last year, there was a
very large decline in nesting success at Lloyd Park (66.7 to 28.6
percent) and a large increase at Hillsboro Beach (26.0 to 53.3 percent).

As for every year since 1991, the percentage of eggs producing
live hatchlings (including LIN) was significantly lower for relocated C.
caretta and C. mydas nests than in nests left in situ (Table 6). This was
also true for all species combined (Figure 12). Lower hatching success
in relocated nests can be caused by less suitable incubation conditions
at the relocation sites or the relocation process itself. As in past years,
we have analyzed the data in an attempt to better understand the
source of the reduced success of relocated nests.

Figure 9 shows a slight, but significant reduction in the hatching
success of relocated C. caretta as the season progressed. This has been
found in all but one (1994) of the past 8 years and may be related to
increased incubation temperature or the increased likelihood of
seawater inundation due to the higher Fall tides and stormier
conditions later in the season. The lack of a significant decline in the
hatching success of in sifu nests this year (Figure 9} suggests against
temperature or other large-scale environmental factors as the cause of
the reduced success of relocated nests, but does not rule out
differences in nest inundation, because in situ nests were those which
were deposited higher on the beach. The fact that the hatching success
of C. mydas nests increased significantly over the season (Figure 10) in
both relocated and in situ nests suggests that the relocation process

was nol the cause of the decline in C. carefta hatching success,
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because both species were relocated by the same group of workers
using the same technique.

Figure 11 shows that the difference in the overall hatching
success of relocated and in situ C. caretta nests was caused by a
higher proportion of relocated nests with intermediate haiching
success [ca. 45 to B0 percent) and a higher proportion of high-success
fca 85 to 100 percent) In in situ nests. Relocation did not cause
increased proportions of low-hatching nests (<40 percent).

The differences in hatching success of relocated and in situ
nests may be partially related to differences in the suitability of the
relocation sites. Table 7 shows differences in hatching success at the
various locations. The new relocation sites (BH923-BH969) were
especially low. with higher proportions of dead piped eggs. This can be
seen. to a lesser extent for C. mydas relocated to BH925 and
BH923/5 (Table B), except that the number of eggs s much lower.

To further evaluate the hypothesis that differences in hatching
success were primarily caused by differences in the suitability of the
relocation sites, a separate analysis limited to Hillsboro Beach was
performed, because nests were relocated to all the various Hillsboro
Beach locations by the same group of workers. Table 10 shows that
hatching success at sites BH923, BH923/5, BH925 and BH969 was
statistically equivalent and lower than the other Hillsboro Beach areas,
although there was some statistical overlap between site BH969 and
the other locations, except BH3. Hatchery locations BH923 and BH925
were located on adjacent properties, spanning a distance of only about
100  yards, with site BH923/5 between. The statistically

indistinguishable hatching successes from these sites suggests that
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they were less suitable for the incubation of sea turtle nests. Hatching
success at the main relocation site (BH1) which has been used since
1989, was not statistically different than for in situ nests (BH-In Situ)
or those relocated to other areas of Hillsboro Beach (BH-Relocated).
Hatching success at BH3 was higher and statistically distinct from all
other areas, but it received nests for only one week in early May. Early
season nests have characteristically higher hatching success rates
which can be seen in Figure 9. The lack of a significant difference in
hatching success between in situ nests and those relocated to BHI or
non hatchery areas of Hillsboro beach suggests that the lower hatching
success at BH923-925 was site specific and did not result from the
relocation process itself.

Comparison of hatching success and the proportions of the post-
hatching nest evaluation categories (Table 11) for all in sifu and
relocated nests at Hillsboro Beach shows very significant differences in
all categories. The percentage of dead piped eggs (PIP) was the most
significant category contributing to the difference in the percentage of
live hatchlings. This was also the case in 1995 (Burney and Margolis,
1995). Table 7 shows that the percent piped was higher at the new
relocations sites (BH923 through BH969] than at the other Hillsboro
Beach areas, and far higher than for in sifu nests. It appears that the
factors responsible for the higher proportion of piped eggs in relocated
nests may also be site specific (for the same reasons presented above)
however, there was no obvious differences in the beach characteristics
which might account for this effect. There was also an extremely
significant difference in the proportion of live-in-nest [LIN) hatchlings
in relocated and in situ nests. Although these hatchlings are included
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in the released hatchling totals and do not contribute to the lower
hatching or released hatchling percentages in relocated nests,
relocation does seem to increase the number of hatchlings which do
not naturally escape the nests, For Hillsboro Beach nests, this effect
does not appear to be as site specific as for piped eggs (Table 7). Sites
BH925, BH923/5 and BH969 has significantly higher percent LIN
than BHI, but BH923 was lower. Differences in the other egg
categories, although statistically significant, were small.

The use of mass egg relocation as a sea turtle management tool
is far from a perfect conservation technigue. Such an invasive
procedure employed on such a large scale may inherently result in
slightly reduced hatching success. There is also speculation that
relocated hatchlings may experience reduced survivability after they
enter the sca. Clearly, it would be preferable, and much less costly, to
leave far more nests in situ, but we are forced to relocate most nests
primarily to avold hatchling take due to misorientation by coastal
artificial lighting,
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APPENDIX 1: Summary of sea turtle hot-line and other calls.

SUBJECT HOT-LINE NOVA
EMERGENCIES

Nesting 3 0

Hatchlings 28 0
NEST LOCATIONS 56 3
STRANDINGS 31 2
POACHING 4 0
VOLUNTEERS 12 10
OTHER NUMEROUS NUMEROUS
OVERALL > 134 > 15

** Including calls from the media, residents concerned
about land turtles in pools, all-terrain vehicle breakdowns and
repairs, and all other unclassified, requests for information, and
multi reason calls.
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APPENDIX 2: Summary of Educational/Public Information
Activities

Flyers were distributed along the beach, mostly to people
who approached workers with questions and at the night turtle
releases at Pompano and Fort Lauderdale, which usually
attracted crowds. Flyers were also placed in beach-front
business establishments and some were distributed to people
touring the Oceanographic Center or requesting information by
phone or mail.

Public education talks were conducted each Sunday
evening from July 7 to Sept. 1 and Wednesdays from August 19-
28 at the Anne Kolb Nature Center. These slide show
presentations were followed by hatchling releases at Greene St.
Hollywood. Special presentations were conducted at the NSU
Oceanographic Center on Sept. 28, for students of Cooper City
High School and on Oct. 4 for students of Hillsboro Christian

Academy. These presentations were followed by hatchling
releases in Lloyd Park.

Public talks and slide shows (without hatchling releases)
were given for the Sheridan Hills Elementary School (twice),
Dania Elementary School, the Fort Lauderdale Beach Rotary
Club, the Dania Beach Rotary Club, the Wilton Manors Business
Association, the Hallandale Beach Rotary Club, Broward
Community College (twice), the West Lake Park summer camp
program and the Anne Kolb Nature Center's Brown Bag Lunch
Series.
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FLORI ZPARTMENT OF ENVIRONMENTAL FR( -CTION
MARINE TURTLE NESTING SUMMARY QUESTIONNAIRE FOR 1996

instructions: Please type or pant legibly in k. Please be suwe compisted form is Signed by the principal permitl holder,
Artach sdditional gheets i necessary.

1. PRINCIPAL PERMIT HOLDER INFORMATION

Principal Permit Holder: | ., o = S HE R Permit #: | >,
| O garagation: Browvard ST e T - o - Pratection
Address: 218 SW | Avenue

Ft. Lauderdale, FL 33301

Broward County

Day Telephone finclude area codel: (954) 519- ghi Telephone inchude area codsl:

Beach Name: 2RO RRD (o By o

2. GEMERAL SURVEY INFORMATION e At = L |
Survey Bourdary Information: Pleass describe survey boundardes geographicaly, hmﬂmmmmu o

foand on & map or include  marked mapl, For sxemple « Morth Boundary: 1.5 milas south of the Marin/S1, Luels County Lina; South
| Boundary: 81, Lucks Inlei.

| Nor Survey Boundary:  t Bi 'L'if_'l-\ LG IhE

South Survey Boundary: wRnE (o LIWE

Beach Length: 3B.6 @Mlmhmﬂ is beach length ESTIMATED or/ MEASURED

Was this the saeact same n.nhﬂ' area as your 1994 gurvey areal fcurcle onej: @ [ 1n ]
i NO, please axplain the specihic differences:

Start Date of Survey (include mnng'lr.!"mlﬂ doyl: March 1 | End Date of Survey (nclude month AND dayl: Sept, 15
Time of Doy Sutveyed: START 6:00 Eh‘l J PM (gwrcle gnel; FINISH 9:00 TAMY PAd (circle one)
j T—

Number of Days Per Week Surveyed:__| il you did not survey seven (7] days ped weoek, describe how nests are
couwnbed on the dayls) surveys are resumed:

Was there any variation n (he sumber of days Surveyed of wiid [he entiré beach surveyed the same number of
| Urmies evely week of the nestng season? loWcle onel SAME JWVATRIABLE
U VARIABLE, please explain the specilic vanation gnd g 1o1al aumber of diys surviyed during the nesling Season;

Were all non-nesting crawls {1slse crawlsl countad during your survey? [circle unu@ HOD
Howe mary pke wiare imvolved o Survd ylnn thie nesting beach during 19895 i Lﬂ] l

COMPLETE THE BACK OF THIS FORM ALSD
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3. NESTING BEACH MANAGEMENT 5. ORMATION i ' I

Pease respond to ol of the foflowing Questions reganding management lechnigues (SEE ATTACHED NEST SUCCESS
REPORTING FORM FOR SPECIFIC DEFINITIONS OF IN 5ITU RESTS, RELOCATED HE.'EEI EI'E

(il o ledve npgts do oiful (circls onel: /Y NO

Did you cover in gif nests with flat screen? (circle onel:  YES [ NO _/MN/A (not applicablel

Did you cover in BTy nests with an above-greund cage inot a haicheryl? [circle onel: \"'EI- H/A
if YES, was the cags SELF-RELEASING of PESTRAINING T {circle ond]

Did you relocate nests (not to a hajchen iele o '@' MO
W YES, did you ralocate nests INDIVIDUALLY (5.9, simply %diww lndward of the o site location o

ot B8 maintaining natural nekt-spacing] or reburied them in & 43 ith other beach relocated nests? (circls ong) BAUL]
e
1M you did relocate nests, please give reasons: | egt located within 20 A E  pe s s

il ol [} ih=ts [ i L= ablEe . S al il 4 5 gk o

U PSSRy )

Mmmnmmwsmhmmelm:mmllmmn YES @HM
'ES e cage SELF-RELEASING or RESTRAAINING 7 [cwche one

Did you use a hatchery? (circe onel @
Il ¥ES, was the hatchery SELF-AELEASTH AESTRAIMINGY ? (eircle onel

if & hatchary was used, please give reasons:
1} Mest located within 20 feet of previous evening wrack line.

2) Megt located near & highway or other artif b
H a hate was used, please give specific location: Pompano Beach at Atlantic Roulevard.
Ft. Lauderdale, at South Beach su oal parking lo o1 Lyyond wo—rb Baach

Il predatgr coniral methoeds other than the scraening/cagng described above wars gmployed, pléase describe:
¢

Lizt sl non-humen gradators documenied depradating nests in 19395

| cartity the brmaTon 1o be e accurale 1o the best of my knowledge.
% g e il g A / /"? e
P e A
5|uﬁ?‘1uru Princigal Permit Holder Date °

I PR P 5 TN R e 10000 e ETE0E AUl
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FLORID#« DEPARTMENT OF ENVIRONMENTAL PROTECTION
NESTING SURVEY REPORTING FORM FOR 1996

e

Principal Permit Holder:  Loao S T ySee i Permit Number: | &
Beach Nama: RO BB Lo WS
T — — = =
C. caretta C. mydas 0. coriaces
{Loggerhead) (Green Tintie} {Leatherback)
Total # of Nests 2696 112 2
Total # of Non-Nesting Emergences (False Crawls) 2917 141 0
Date (month and day) of First Documented Nest 5423 5/1] 548
Date {munth and daﬂ of LEEI: anmantad Mesl e 9/7 g/11 6/3
2 e '\;m _- : ? Q.h. . M e "': 3
..... ‘. B o
0 gﬂ'u Nast Data: sﬁﬁmm aca tohare oo Hivts deposited the dut&ﬁ nwhrrm y be lef wg@.qgm
I -additional’ pmlmﬁcmf:‘ﬁa‘%mﬁ hlﬁa’[ﬁﬁhrﬂﬂaﬁmtaen; or covered with loas ﬁf‘}mﬁjrwg .
ground cages. Record the number of nests by :a.tagg‘qr*h species. For each species, rows a + h"i'l- c+d ual
‘the total # of nests FEHW?H‘UMEHHE‘E qha-:m make sure thg. ls'.jhecase il

Total # of Mestz Leftinsfufa+ b+ e+ d)

(&) # of in situ Nests without Additional Protection 929 83 1

(b} # of in situ Nests with Sell-Releasing Flat Screen 0 o

{c) # of in sifu Nests with Self-Releasing Cage

(o B | e R )

{d) # of in situ Nests with Restraining Cage 0 i1

Relocated Nest Data: Relocated nests are those where the clutch is removed from its original site of deposition and
reburied at another site. These nests may be relocated to individual sites or as a group to a hatchery (a permanent or
sami-parmanant lenced or caged area where many nests are re-buried as a group). As with in sifu nests, relocated
nests may be lefl without additional protection, covered with a self-releasing flat sereen, or covered with self-releasing or
restraining above-ground cages. Halcheries may be self-releasing (hatchlings escape unaided) or restraining
(hatchlings cannot escape unaided). Record the number of nests by category and species. For each species, rowsa +
b+ ¢ +d+ e+ [ should equal the total # of relocated nests, Please check o make sure this is the case,

Tolal # of Helocated Nests{fa+b+c+d+a+fi
{a) # of Relocated Mests without Additional Protection {570 2% L
§__ (b) # of Relocated Nests with Sell-Releasing Flal Screen ] ] 0
I {c) # of Relocated Mests with Sell-Relsasing Cage a 0 0
(d} # of Relocated Mests with Restraining Cage 0 0 ]
(@) # of Relocated to Sali-Releasing Hatlchery il ] 0
(N # of Relocated to Reslraining Halchery i 197 & 1]
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