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Abstract: To evaluate the effects of organized turtle watches on female sea turtles and their eggs, we quanti-
fied nesting bebavior and batchling production of loggerbead turtles (Caretta caretta) in south Brevard Coun-
try, Florida, U.S.A. We compared the duration of five phases of nesting bebavior, the directness of the turtle’s
return path, rate of travel during return crawl, batching success, and batchling emergence success between
experimental and control turtles. Experimental turtles nested while observed by an organized turtle watch
group consisting of at least 15 people; control turtles were not observed by a turtle watch group. Experimental
turtles spent significantly less time camouflaging nest sites than did control turtles. The duration of the other
Jour phases of nesting bebavior were not significantly different between the two groups. Experimental turtles
also traveled less-direct paths during return crawls, although their rates of travel were not significantly differ-
ent from those of control turtles. Hatching success and batchling emergence success were not significantly dif-
Jferent between experimental and control turtle nests in either year. Although turtle watch groups influenced
nesting bebavior, they were not found to be detrimental to hatcbling production. Florida’s turtle watch pro-
gram is a means for garnering public support for sea turtle conservation through education, and it should
continue.

El efecto de observaciones organizadas sobre el comportamiento de anidacion y la produccion de crias de la tor-
tuga cahuama en Florida

Resumen: Con el propdsito de evaluar el efecto de las observaciones organizadas sobre las tortugas marinas
bembras y sus buevos, cuantificamos el comportamiento de anidacion y la produccion de crias de la tortuga
cabuama (Caretta caretta) en el Condado de Brevard, Florida, EEUU. Comparamos la duracion de cinco fases
del comportamiento de anidacion, la rectitud del camino de regreso de la tortuga, la tasa de viaje durante el
retorno, el éxito en la produccion de crias y el éxito de la emergencia de las crias en tortugas experimentales
y tortugas controles. Las tortugas experimentales anidaron mientras eran observadas por un grupo orga-
nizado de observacion de tortugas que consistia en por lo menos 15 personas. Las tortugas control no fueron
observadas por ningtin grupo. Las tortugas experimentales emplearon una cantidad de tiempo significativa-
mente menor camuflajeando sus sitios de anidacion que las tortugas control. La duracion de las otras cuatro
Jases del comportamiento de anidacion no difirié significativamente entre los dos grupos. Las tortugas expe-
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rimentales también siguieron caminos menos directos durante su viaje de retorno, pero las tasas de viaje no
Sfueron significativamente diferentes de aquellas de las tortugas control. El éxito de la produccion de crias y el
éxito en la emergencia de las crias no fueron significativamente diferentes entre los nidos de las tortugas ex-
perimentales y aquellos de las tortugas control en ninguno de los dos afios. Si bien los grupos de observacion
de tortugas influenciaron el comportamiento de anidacion, no fueron perjudiciales para la produccion de
crias. El programa de observacion de tortugas en Florida es un medio para conseguir apoyo publico para la
conservacion de las tortuga marinas a través de la educacion y debe permanecer en vigencia.

Introduction

The loggerhead (Caretta caretta) is a circumglobally dis-
tributed species of marine turtle occurring in tropical
and temperate seas (Dodd 1988). Within the Atlantic,
loggerhead nesting densities are greatest on the east
coast of Florida, U.S.A., from Brevard to Broward County
(National Research Council 1990). From May through
August loggerheads annually deposit approximately
50,000 egg clutches in the state (Florida Department of
Environmental Protection, unpublished data).

Loggerheads are an excellent target species for eco-
tourism because they are easily viewed when they come
ashore to nest; they are therefore an important eco-
nomic resource in Florida. Numerous organizations, op-
erating under permits issued by the Florida Department
of Environmental Protection (FDEP), conduct organized
turtle watches to allow the public to view the nesting
process. Thousands of tourists—both national and inter-
national—visit coastal areas each summer to attend or-
ganized turtle watches; approximately 10,000 tourists
participated during the 1993 nesting season (FDEP, un-
published data).

Loggerheads exhibit stereotypic nesting behavior
(Hailman & Elowson 1992) and take about 1.5 h to com-
plete the nesting process. Sea turtles are susceptible to
disturbance early in the nesting sequence and may be
casily frightened prior to oviposition. Once a female be-
gins to lay eggs, however, she becomes insensitive to ex-
ternal stimuli (Ehrenfeld 1989), and people may move to
within 1 m of the turtle with no visible effect. To ensure
as little disturbance as possible to nesting turtles, FDEP
has established guidelines for organized turtle watches
conducted in Florida. These guidelines define such pa-
rameters as group size, timing of approach and group
position around the turtle, use of light and flash photog-
raphy, as well as touching of eggs and the female. Previ-
ously, data were not available to evaluate the effective-
ness of these guidelines. The objectives of our study
were to evaluate FDEP turtle watch guidelines by testing
two hypotheses: (1) organized turtle watches have no
effect on the duration of various phases of loggerhead
nesting behavior, and (2) organized turtle watches have
no effect on loggerhead hatching success or hatchling
€mergence success.

Methods

Study Area

We conducted the study on a 16-km stretch of high-
energy, barrier island beach along the east coast of cen-
tral Florida in south Brevard County. The beach sand is
biogenic and is composed mostly of crushed mollusk
shell. Single-family homes, condominiums, and numer-
ous hotels have been built behind the beach; few intact
areas of undisturbed dune remain. Loggerhead turtles
utilize the study area as nesting habitat from mid-May
through August. In recent years, nesting densities have
ranged from about 150 to 250 nests/km for an entire
season (L. M. Ehrhart, unpublished data).

Nesting Behavior

Nesting behavior of loggerheads was studied from May
through August in 1993 and 1994. Each year, data were
recorded for experimental turtles, which nested while
being observed by an organized turtle watch group of at
least 15 people, and for control turtles, which were not
observed by turtle watch groups.

We quantified behavior by timing the duration of
seven phases of the nesting process (Table 1) with a dig-
ital chronograph capable of storing nine consecutive
time intervals (Micronta brand, no. 63-5012). The transi-
tion cues between phases were obvious and consistent,
which allowed for collection of repeatable data among
turtles and investigators. We found turtles by walking at
the water’s edge and encountering either tracks or sight-
ing females as they crawled from the surf. To avoid the
effects of ambient light at dusk and dawn on the dura-
tion of turtle nesting behavior, we timed only those tur-
tles initially encountered from 2100 h to 0100 h. Upon
encounter, the chronograph was started, and the investi-
gator approached the turtle by crawling along the same
path taken by the turtle. Duration data for only those tur-
tles initially sighted in emergence, body pit, or digging
behavioral phases were used in analyses.

For control turtles a single investigator was the only
human present during the nesting process. During the
entire sequence, except when measuring carapace length
(see below), the investigator remained 2-4 m behind the
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Table 1. Start and end points and description of seven phases of loggerhead turtle nesting behavior.

Bebavioral phase Description of phase and start and end points*
Emerge Female ascends beach to suitable site for initiation of body pit excavation.
Start: Turtle sighted stranded on the sand at surf’s edge.
End: First sand-sweeping motion of either a front or rear flipper, indicating initiation of body-pit preparation.
Body pit Preparation of site by sand-sweeping movements of front and rear flippers.
End: First anterior flick of a rear flipper, indicating initiation of egg chamber excavation.
Dig Digging of egg chamber with rear flippers only.
End: First egg drops from distended cloaca.
Oviposition Deposition of clutch into egg chamber.
End: Either rear flipper makes a sand-sweeping movement, indicating initiation of covering eggs.
Cover Covering clutch by sand-sweeping and sand-packing movements of rear flippers only.
End.: Either front flipper makes a sand-sweeping movement, indicating initiation of camouflaging nest site.
Camouflage Disguising nest site by sand-sweeping movements of front and rear flippers.
End: Obvious movement of a front flipper (not a sand-sweeping movement), indicating female is about to
return to the sea.
Return Descent of beach by female from nest site to surf.

End: Female 2 to 5 m from surf.

*Start point for each phase is the same as end point of preceding phase.

turtle and out of the turtle’s line of sight. The same pro-
cedure was practiced for experimental turtles, with the
exception that organized turtle watch groups ap-
proached to within 1 m after oviposition was underway.

Organized turtle watches were conducted by a local,
nonprofit organization, the Sea Turtle Preservation Soci-
ety of Melbourne Beach. During all organized watches,
turtle watch groups adhered to guidelines provided by
FDEP (Table 2). The size of each turtle watch group was
limited to 50 registered participants (Table 2). Group
size occasionally exceeded 50, however, because group
leaders, once on the beach, are supposed to invite indi-
viduals who are looking for turtles to join the organized
group. During oviposition a single egg was removed

from the nest, passed among the participants, and re-
placed before covering behavior began.

We attempted to gather data for at least one experi-
mental and one control turtle during each night in
which an organized turtle watch was conducted. Usually
the experimental turtle was found first, and then a con-
trol turtle was located. On occasion, we recorded data
for more than one control turtle, but only one experi-
mental turtle was timed each night.

Additional data were also collected for each turtle.
Curved carapace length (from nuchal notch to the long-
est projection of the pygal) was taken about halfway
through oviposition by means of a flexible tape mea-
sure. To measure carapace length the investigator

Table 2. Partial list of Florida Department of Environmental Protection guidelines regulating organized turtle watches in Florida.

* Group size shall not exceed 25 participants per guide, with the total group size not to exceed 50 individuals.

¢ Use of flashlights by participants is not permitted. The use of low-intensity flashlights is limited to the walk leader and permitted
scouts only. After approaching the turtle, the group leader or a scout may use one light to illuminate the nest cavity so that
participants can observe egg deposition. The light may not be turned on the turtle until covering is underway.

* Turtle-watch leaders and scouts are encouraged to invite people out on their own looking for turtles to join the group.

* The leader or scout must exercise great caution when exposing the nest so as not to disturb the turtle. At no time should sand be

allowed to fall into the nest chamber.

* Participants must be instructed to stay with the group and remain quiet at all times. During the entire watch the group must remain
together. The group may not approach the turtle until egg deposition is well underway. Participants, scouts, and the leader must
approach from the rear and remain behind the nesting turtle during egg deposition. At the principal permit holder’s discretion, a
single egg may be removed from the nest by the guide and passed around for the participants to touch. The egg must be returned

to the nest before egg deposition is completed.

* Contact (light touching) with the nesting female is permitted only after all eggs have been deposited. Contact must not impede nest

covering or the turtle’s return to the ocean.

* The use of flash photography and lights for filming is not permitted.
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moved close to the turtle but stayed directly behind it.
Each turtle was tagged after timing was terminated and
just before she entered the surf. A single monel metal
tag (National Band and Tag Co.) was attached to the
trailing edge of one front flipper.

Length of travel from nest site to surf was measured af-
ter the turtle entered the ocean. Length of actual path
(Fig. 1) was measured by placing a flexible surveyor’s
cord along the middle of the return crawl from the point
where plastral drag was first apparent to the location of
the posterior end of the turtle’s shell at termination of
timing. We drew a line in the sand at this point when we
stopped the chronograph, usually 2-5 m above the surf.

Differences in beach width at various locations
throughout the study area made absolute length of re-
turn path a poor indicator of disturbance to turtles dur-
ing the return crawl. To evaluate disturbance during re-
turn, we also measured the most direct path the turtle
could have traveled (Fig. 1). Direct path was measured
from the initial point of the actual path directly to the
surf, ending even with the end point line of the actual
path. Each measurement was recorded to the nearest
5 cm. An index of directness of return crawl was calcu-
lated for each turtle (length of actual path divided by
length of direct path; Fig. 1). The closer this value is to
1.0, the more direct the return crawl. Rate of travel
(m/min) during return phase was calculated by dividing

of return crawl was calculated by
dividing length of the actual path
by length of the direct path.

length of actual path by duration of return phase for
each turtle.

Hatchling Production

To quantify hatchling production, we evaluated hatch-
ing success and hatchling emergence success of clutches
deposited by experimental and control turtles. Hatching
success is the percentage of yolked eggs in each clutch
from which turtles hatched. Hatchling emergence suc-
cess is the percentage of yolked eggs in each clutch that
resulted in hatchlings that emerged from the nest. A nest
produced hatchlings if at least one turtle emerged from
that nest.

The location of each clutch was marked by placing
two numbered, wooden stakes a measured distance
from each clutch. One stake was placed conspicuously
at the edge of dune vegetation, and the other was hid-
den within vegetation. A written site description was
also recorded. This method proved effective for relocat-
ing clutches, except in a few cases in which stakes were
removed by people.

During incubation, nests were periodically observed
for signs of predation or disturbance. After all viable
hatchlings had emerged from the sand, the contents of
each nest were exhumed and examined. We recorded
clutch size, number of hatched and unhatched eggs,
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number of pipped eggs containing dead turtles, and
number of dead or moribund hatchlings unable to free
themselves from the sand. All intact eggs were opened
and examined with the unaided eye. The number of
eggs apparently influenced by plant roots or predators
was also quantified. All eggs were examined and clutch
sizes estimated by S. A. Johnson.

Data Analysis and Statistics

Duration of behavioral phases, index of directness of re-
turn path, and rate of travel during return crawl were
compared between experimental and control turtles to
determine if organized turtle watches influenced logger-
head nesting behavior. Because the duration of all
phases of nesting behavior did not differ significantly be-
tween years for control turtles, we combined both years
of duration data for control turtles; the same was done
for the duration data of experimental turtles. Statistical
comparisons were conducted between the combined
data sets.

To determine if organized turtle watches influenced
hatchling production, we compared hatching success
and hatchling emergence success between nests of ex-
perimental and control turtles. Because of numerous en-
vironmental factors, success of loggerhead nests within
the study area may vary dramatically among nesting
seasons (L. M. Ehrhart, unpublished data). For this rea-
son nest success data from each year were analyzed sep-
arately.

Frequency distributions of duration data did not ap-
proximate a Gaussian distribution, and, as a result, as-
sumptions of parametric statistical tests were not met
(SAS Institute 1982; Zar 1984). Carapace length and
clutch size data did not violate these same assumptions,
however. Therefore, we analyzed duration data with
nonparametric tests (Siegel & Castellan 1988) and body
size and clutch size data with parametric tests (SAS Insti-
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tute 1982; Zar 1984). The rejection level for all statistical
tests was set a priori at a« = 0.05.

Results

Nesting Behavior

The duration of body pit, dig, oviposition, cover, and
camouflage behavioral phases were not significantly dif-
ferent between control turtles in 1993 and 1994 (Mann-
Whitney tests, p > 0.1). Spearman’s correlation tests re-
vealed no correlations between the curved carapace
length of control turtles and the duration of emergence
ry = 0.02, p > 0.9), body pit (r, = —0.16, p > 0.4), dig
(ry = —0.09, p > 0.6), oviposition (r; = 0.24, p > 0.07),
cover (r, = — 0.11, p > 0.4), or camouflage phases @, =
—0.06, p > 0.6). Curved carapace length and estimated
clutch size of control turtles did not differ between
years (¢ tests, p > 0.3).

The duration of body pit, dig, oviposition, and cover
phases did not vary significantly between experimental
and control turtles (Mann-Whitney tests, p > 0.3; Table
3). Duration of the camouflage phase, however, was sig-
nificantly shorter for experimental turtles (Mann-Whit-
ney test, p = 0.015). Experimental turtles also traveled
significantly less-direct paths during their return crawls
(Mann-Whitney test, p < 0.0001; Table 3). No significant
differences were found between experimental and con-
trol turtles for rate of travel during return crawl (Mann-
Whitney test, p > 0.1; Table 3) or curved carapace
length (¢ test, p > 0.2; Table 3).

The number of people present during each organized
turtle watch ranged from 16 to 65 and averaged 29.3 (SD =
9.06, n = 63 watches). No correlation (Spearman’s cor-
relation tests) was observed between duration of ovipo-
sition (r; = —0.03, p > 0.8), cover (r, = 0.17, p > 0.1),
or camouflage phases (r; = 0.10, p > 0.4) and the number

Table 3. Summary statistics for duration (min) of six phases of nesting behavior and four other parameters of experimental and control

loggerhead turtles in 1993 and 1994.

Experimental turtles

Control turtles

Phase or parameter n Mean SD Minimum  Maximum n Mean SD Minimum  Maximum
Emerge 21 9.06 2.77 2.62 13.68 19 9.84 6.01 4.25 29.50
Body pit 30 3.93 1.59 1.67 7.47 22 4.09 1.76 1.57 7.17
Dig 42 18.26 4.64 12.37 37.40 33 18.11 3.55 12.38 28.13
Oviposition 63 1783 4.15 6.42 29.30 60 17.16 3.53 10.75 24.40
Cover 63 13.21 4.53 2.95 29.45 60 13.34 3.77 6.53 22,55
Camouflage® 63 1216 5.24 0.00 23.52 60  15.68 7.74 2.48 46.02
Total® 30 63.06 11.07 46.45 82.06 22 68.28 12.89 48.08 94.73
Index of directness® 61 1.29 0.58 1.02 4.67 57 1.06 0.08 1.00 1.35
Travel rate (m/min) 61 7.01 3.92 0.99 16.40 57 5.76 2.54 2.56 15.00
Carapace length (cm) 63 983 4.2 88.8 106.6 59 993 6.0 83.9 1125

“Significant difference observed (Mann-Whitney test, p = 0.015).
b Includes duration of body pit through camouflage only.
“Significant difference observed (Mann-Whitney test, p < 0.0001).
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of people around the turtle. The number of people around
the turtle was also not correlated with the rate of travel
by the turtle during the return crawl (; = —0.07, p > 0.5)
or the directness of return crawl (#; = 0.05, p > 0.6).

Clutch Size and Hatchling Production

Mean estimated clutch size was 116 eggs for both exper-
imental nests (SD = 19.4, n = 30) and control nests (SD =
18.1, n = 34) in 1993. In 1994, mean estimated clutch
size was 110 eggs for experimental nests (SD = 26.2,
n = 27) and 119 eggs for control nests (SD = 25.4,
n = 25). No significant differences in clutch size were
found between experimental and control nests in 1993
or 1994 (¢ tests, p > 0.2). Furthermore, clutch size was
not significantly different between years for either ex-
perimental or control turtles (¢ tests, p > 0.3). Clutch
size was correlated with curved carapace length for
both groups of turtles (Pearson’s correlation tests, p <
0.0001).

The fate of experimental and control turtle nests, as
well as the fate of individual eggs within those nests,
were similar in 1993 and 1994 for both groups (Tables 4
and 5). Hatching success and hatchling emergence suc-
cess of experimental nests were not significantly differ-
ent from control nests during either year (Mann-Whitney
tests, p > 0.3; Table 6). Although the values for both
measures of success were lower for control turtle nests
in 1994 than for control nests in 1993, these differences
were not significant (Mann-Whitney tests, p > 0.1).
Hatching success of experimental nests, although also
lower in 1994 than in 1993, was not significantly differ-
ent between years (Mann-Whitney test, p > 0.06). How-
ever, hatchling emergence success was significantly
lower in 1994 than in 1993 for experimental nests
(Mann-Whitney test, p < 0.05).
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Relationships between hatching success and hatchling
emergence success and duration of cover and camou-
flage phases were not significant (Spearman’s correla-
tion tests, p > 0.05) for either group in 1993 or 1994. Es-
timated clutch size was not correlated with hatchling
emergence success (Spearman’s correlation tests, p > 0.1).

Discussion

Our results indicate that organized turtle watches, con-
ducted under FDEP guidelines, affect loggerhead nesting
behavior. We found a significant difference between the
amount of time experimental and control turtles spent
camouflaging nest sites (Table 3). This suggests that
nesting females were aware of and disturbed by the
presence of people and, as a result, did not spend as
much time camouflaging nests sites as they would have
if the group had not been present. Furthermore, during
their return to the surf, almost all experimental turtles
were influenced by the group of people. Turtles usually
moved in a path toward the surf but away from the
group. This was obvious to the investigators present and
can be seen in the fact that the mean index of directness
value was significantly larger for experimental turtles
than for controls (Table 3).

The effect of the disturbance caused by turtle watch
groups on the subsequent behavior and reproduction of
loggerhead females is unknown. Does the presence of
the group influence nest-site fidelity or possibly clutch
frequency? Moreover, did the group have any influence
on other turtles attempting to nest within the area?
These questions should be addressed in future studies. A
more immediate concern, however, is the potential ef-
fect of the turtle watch group on loggerhead hatchling
production. Does the reduction in the amount of time

Table 4. Fate of experimental and control loggerhead turtle nests evaluated in 1993 and 1994.

1994
Experimental Control Experimental Control
Fate m = 30) m = 34) m=27) n = 25)
Undisturbed®
Produced hatchlings 16 20 7 10
Did not produce hatchlings 1 1 2 2
Disturbed®
Produced hatchlings
Affected by crabs only 10 11 10 7
Affected by roots and crabs 0 0 2 0
Affected by tidal inundation 0 1 0 0
Did not produce hatchlings
Affected by crabs only 2 1 4 2
Affected by tidal inundation only 0 0 2 2
Affected by crabs and inundation 1 0 0 0
Affected by raccoons 0 0 0 2

“ Undisturbed nests are those that were not apparently influenced by predation, inundation, or plant roots.
b Disturbed nests were influenced by either predation, inundation, or plant roots.
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Number of eggs

Table 5. Fate of eggs within experimental and control loggerhead turtle nests evaluated in 1993 and 1994.
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that experimental turtles spent camouflaging nest sites
result in lower hatching success and hatchling emer-
gence success?

During the 2-month incubation period, numerous bi-
otic and abiotic factors influence the hatching success of
sea turtle eggs. Included among the abiotic factors are
tidal inundation, beach erosion and accretion, and rain-
fall (Ragotzkie 1959; Kraemer & Bell 1980; Witherington
1980; Peters et al. 1994). Predation may account for the
loss of a large percentage of a season’s eggs (Fowler
1979; Stancyk 1982; Cornelius 1986). Bacteria and fungi
(Cornelius 1986; Wyneken et al. 1988), fertility of eggs
(Miller 1985), and plant roots (Witherington 1986) have
also been shown to influence hatching success.

Identified or suspected sources of egg mortality in our
study were predation by crabs and raccoons, tidal inun-
dation, and plant roots. Other unidentified biotic and
abiotic factors undoubtedly influenced hatching success
and hatchling emergence success in nests we evaluated.
These biotic and abiotic influences dictated the success
or failure of nests in our study. The presence of turtle
watch groups around nesting loggerheads had no effect
on hatchling production.

Even though no significant difference was found for
hatching success between experimental and control
nests, a note of caution is warranted. Because experi-
mental turtles spent less time camouflaging nest sites
than did control turtles, experimental turtles may have
thrown less sand over their eggs. This may increase ol-
factory cues available to nest predators. Along our study
area, predation by raccoons was insignificant. But be-
cause the intensity of predation on sea turtle nests dif-
fers throughout Florida and among different nesting
rookeries, our results should be interpreted with the
above caveat in mind.

Although viewing of nesting loggerheads by organized
turtle watch groups following FDEP guidelines was
found to influence nesting behavior, hatchling produc-
tion was not compromised. Because turtle watch groups
did not have a detrimental effect on hatchling produc-
tion, we recommend that the program continue. Flor-
ida’s organized turtle watch program is a mechanism for
garnering support for sea turtle conservation through
education and should be expanded to accommodate the
high public demand for participation.

Recently, ecotourism on nesting beaches of sea turtles
has been viewed as a means to boost local economies
and promote sea turtle conservation. Some authors have
expressed concern that such activities be conducted in a
manner not detrimental to sea turtle reproduction (Ari-
anoutsou 1988; Agardy 1992; Jacobson & Lopez 1994;
Johnson et al. 1994; Whitmore 1994). Despite these con-
cerns, few studies have investigated the possible effects
of tourists on sea turtle behavior and hatchling produc-
tion. Studies similar to ours and those of Campbell
(1994) and Jacobson and Lopez (1994) should be con-
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Table 6. Hatching success and hatchling emergence success for experimental and control loggerhead turtle nests in 1993 and 1994.

; 0,
Year and condition Hatching success (%)

Hatchling emergence success (%)

of nests n Mean SD Minimum Maximum n Mean SD Minimum Maximum
1993
Experimental 30 66.7 31.7 0.0 96.8 30 63.6 33.8 0.0 96.0
Control 34 70.3 30.0 0.0 99.0 34 69.1 29.7 0.0 99.0
1994
Experimental 27 51.1 36.7 0.0 95.4 27 44.7 38.2 0.0 95.4
Control 25 59.5 40.2 0.0 97.5 25 53.1 40.6 0.0 96.7

ducted with other sea turtle species and at other nesting
beaches before it is assumed that tourists are not jeopar-
dizing the resource they have come to enjoy.

Acknowledgments

We are grateful to our field assistants D. Brager, C. Diez,
D. Johnson, and E. Stolen for help in collecting data each
season. We appreciate the assistance of all members of
the Sea Turtle Preservation Society of Melbourne Beach,
Florida. We also thank all the members of our technical
advisory team for constructive comments and sugges-
tions on various aspects of the study. The University of
Central Florida Marine Turtle Research Group provided
housing during the 1993 season. This article was devel-
oped under the auspices of the Florida Sea Grant College
Program, with support from the National Oceanic and
Atmospheric Administration, Office of Sea Grant, U.S.
Department of Commerce, Grant No. R/C-P-20 to KAB
and AAB. All research was in full compliance with guide-
lines of the Institutional Animal Care and Use Committee
of the University of Florida and was conducted under a
permit from the Florida Department of Environmental
Protection.

Literature Cited

Agardy, M. T. 1992. Conserving sea turtles while building an ecotourism
industry in Guinea Bissau, West Africa. Pages 3-5 in M. Salmon and
J. Wyneken, compilers. Proceedings of the 11th Annual Workshop on
Sea Turtle Biology and Conservation. Technical memorandum NMFS-
SEFSC-302. National Technical Information Service, U.S. National
Oceanic and Atmospheric Administration, Springfield, Virginia.

Arianoutsou, M. 1988. Assessing the impacts of human activities on
nesting of loggerhead sea-turtles (Caretta caretta L.) on Zakynthos
Island, Western Greece. Environmental Conservation 15:327-334.

Campbell, C. 1994. Effects of flash photography on nesting behavior of
green turtles (Chelonia mydas) at Tortuguero, Costa Rica. M.S.
thesis. University of Florida, Gainesville.

Cornelius, S. E. 1986. The sea turtles of Santa Rosa National Park. Fun-
dacion de Parques Nacionales, San José, Costa Rica.

Dodd, C. K., Jr. 1988. Synopsis of the biological data on the loggerhead
sea turtle Caretta caretta (Linnacus 1758). Biological report 88
(14). U.S. Fish and Wildlife Service, Washington, D.C.

Ehrenfeld, D. W. 1989. Behavior associated with nesting. Pages 417~
434 in M. Harless and H. Morlock, editors. Turtles: perspectives
and research. Robert E. Krieger Publishing, Malabar, Florida.

Fowler, L. E. 1979. Hatching success and nest predation in the green
sea turtle, Chelonia mydas, at Tortuguero, Costa Rica. Ecology 60:
946-955.

Hailman, J. P., and A. M. Elowson. 1992. Ethogram of the nesting fe-
male loggerhead (Caretta caretta). Herpetologica 48:1-30.

Jacobson, $.K., and A. F. Lopez. 1994. Biological impacts of ecotour-
ism: Tourists and nesting turtles in Tortuguero National Park, Costa
Rica. Wildlife Society Bulletin 22:414-419.

Johnson, S. A., K. A. Bjorndal, and A. B. Bolten. 1994. Influence of or-
ganized turtle watches on loggerhead nesting behavior and
hatchling production. Page 65 in K. A. Bjorndal, A. B. Bolten, D. A.
Johnson, and P. J. Eliazar, compilers. Proceedings of the 14th An-
nual Symposium on Sea Turtle Biology and Conservation. Techni-
cal memorandum NMFS-SEFSC-351. National Technical Informa-
tion Service, United States National Oceanic and Atmospheric
Administration, Springfield, Virginia.

Kraemer, J. E,, and R. Bell. 1980. Rain-induced mortality of eggs and
hatchlings of loggerhead sea turtles (Caretta caretta) on the Geor-
gia coast. Herpetologica 36:72-77.

Miller, J. D. 1985. Embryology of marine turtles. Pages 269-328 in C.
Gans, F. Billet, and P. F. A. Maderson, editors. Biology of the rep-
tilia, vol. 14, development A. John Wiley and Sons, New York.

National Research Council. 1990. Decline of the sea turtles: causes and
prevention. National Academy Press, Washington, D.C.

Peters, A., K. J. F. Verhoeven, and H. Strijbosch. 1994. Hatching and
emergence in the Turkish Mediterranean loggerhead turtle,
Caretta caretta: natural causes for egg and hatchling failure. Her-
petologica 50:369-373. )

Ragotzkie, R. A. 1959. Mortality of loggerhead eggs from excessive
rainfall. Ecology. 40:303-305.

SAS Insititute, Inc. 1982. SAS user’s guide: statistics. Cary, North Carolina.

Siegel, S., and N. J. Castellan. 1988. Nonparametric statistics. McGraw-
Hill, New York.

Stancyk, S. E. 1982. Non-human predators of sea turtles and their con-
trol. Pages 139-152 in K. A. Bjorndal, editor. Biology and conserva-
tion of sea turtles. Smithsonian Institution Press, Washington, D. C.

Whitmore, C. 1994. Mitigation of the negative impact of tourism on
nesting beaches and turtles in Turkey. Pages 190-191 in B. A.
Schroeder and B. E. Witherington, compilers. Proceedings of the
13th Annual Symposium on Sea Turtle Biology and Conservation.
Technical Memorandum NMFS-SEFSC-341. National Technical In-
formation Service, U.S. National Oceanic and Atmospheric Admin-
istration, Springfield, Virginia.

Witherington, B. E. 1986. Human and natural causes of marine turtle
clutch and hatchling mortality and their relationship to hatchling
production on an important Florida nesting beach. M.S. thesis. Uni-
versity of Central Florida, Orlando.

Wyneken, J., T. J. Burke, M. Salmon, and D. K. Pedersen. 1988. Egg fail-
ure in natural and relocated sea turtle nests. Journal of Herpetology
22:88-90.

Zar, J. H. 1984. Biostatistical analysis, 2nd edition. Prentice-Hall, Engle-
wood Cliffs, New Jersey.

Conservation Biology
Volume 10, No. 2, April 1996





