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ABSTRACT
Nesting Ecology of olive ridley turtles (Lepidochelys olivacea)
on Arribada Beaches

Shaya Honarvar
James R. Spotila, Supervisor, Ph.D.

Historically, the olive ridley (Lepidochelys olivacea) arribada at Playa Nancite,
Costa Rica, was one of the largest arribadas in the eastern Pacific with 70,000 nesting
females in a year. Recently that arribada drastically declined. We hypothesized that the
decline at Playa Nancite could be due to low hatching success as a result of the high
density of nests on the beach, such that recruitment to the population was insufficient to
balance losses. To test this hypothesis, we examined density-dependent effects on
hatching success and their underlying mechanisms by experimentally manipulating nest
densities on the nesting beach. Experimental nest densities affected hatching success with
highest density having lowest hatching success. Higher nest density led to lower O, levels
and higher CO; levels in the nest, with greater changes in the latter part of the incubation.
Highest temperatures occurred in high nest density areas. Bacterial diversity and richness
were higher in the high zone of the beach on Playa Nancite. Bacterial diversity and
richness were also studied at another arribada beach, Playa La Flor in Nicaragua.
Bacterial diversity and richness were higher in the high zone of the beach on Playa La
Flor. Bacterial abundance was not different in different zones of the beach or in different
nest densities at both Playa Nancite and Playa La Flor. Bacterial diversity and richness
may be important in affecting hatching success of olive ridley eggs. Long term failure in
production of hatchlings due to historically high densities probably contributed to the

decline of arribadas on Playa Nancite. The effects of egg harvest on olive ridley sea turtle



nesting beaches have been debated for decades. In order to more effectively manage the
beach at Playa La Flor, Nicaragua, and potentially other nesting beaches, we developed
an experimental protocol to measure the impact of egg harvest on this beach.
Management strategies have traditionally involved the removal of eggs that are predicted
to have less chance of survival, despite a lack of experimental data supporting this
approach. Our findings indicate that even controlled egg harvest has a negative effect on

nest hatching success and total hatchling production.



CHAPTER 1: General Introduction

Olive ridley turtles (Lepidochelys olivacea) are one of two sea turtle species
that have massive synchronous nesting emergences called arribada (Spanish term for
arrival). During an arribada olive ridley turtles nest at night and the arribada can last
from 2 to 10 nights (Cornelius 1982). The cues responsible for this reproductive
synchrony may include winds, tidal cycle, lunar phase, rainfall patterns, temperature,
photoperiod as well as physiological cues and socially facilitated behavior (Pritchard
1969; Owens et al. 1982; Mendonca and Pritchard 1986; Cornelius and Robinson
1986). Prior to an arribada, groups of turtles are near shore in front of the beach
(Cornelius and Robinson 1986; Plotkin et al. 1991). Generally, females lay two
clutches of eggs per season, remaining near shore during the internesting period
(Plotkin et al. 1994). It has been suggested that olive ridleys are capable of retaining
oviductal eggs longer then other sea turtle species (Licht et al. 1982). They will retain
the eggs until they receive the appropriate cues to nest (Pritchard 1969; Plotkin et al.
1995). The arribada nesting strategy results in a large number of nesting turtles on the
beach at a given time and consequently a large number of hatchlings.

Arribada nesting behavior results in an increase in nest destruction when
turtles inadvertently dig up each other’s nests (Cornelius et al. 1991). Nest
destruction, therefore, is often caused by density-dependent disturbances. However,
density-dependent effects on hatching success in olive ridleys that nest in arribadas

remain largely untested.



Furthermore, the large number of eggs deposited during successive arribadas
may contribute to the buildup of pathogens in the sand, which may debilitate healthy
eggs (Cornelius et al. 1991). The physical destruction of eggs and higher pathogen
loads may negatively affect hatchling survival. Whether microorganism diversity and
abundance is higher in high nest density areas on the beach remains to be tested.

Even though high nest density has a negative effect on hatching success there
are still a number of advantages for olive ridley turtles to nest en masse. Arribada
nesters can find mates more easily and can delay nesting until environmental
conditions are suitable for nesting (Bernardo and Plotkin 2007). Olive ridley arribada
nesters have high nesting beach fidelity and stay near shore and are inactive during
the internesting period. This behavior potentially conserves energy in order to
produce larger clutches (Plotkin et al. 1991; Plotkin et al. 1995; Kalb 1999).
Producing large clutches may have a positive effect on organismal fitness (McGinley
1989). In addition it has been suggested that predators will consume a certain number
of offspring (eggs and hatchlings) regardless of the total clutch size (McGinley 1989).
A larger clutch can serve as a predator satiation device and/or social facilitation for
hatchling survival (McGinley 1989). High nest density resulting from the arribada
nesting strategy could additionally serve as a predator satiation device although this
hypothesis needs to be studied more carefully (Bernardo and Plotkin 2007; Eckrich
and Owens 1995).

Olive ridley sea turtle is classified as endangered in the IUCN red data book
(Groombridge 1994) and is also listed in Appendix I of CITES (Lyster 1985). There

are only a few nesting beaches in the world were olive ridleys still nest in arribadas



(Cornelius et al. 1991). The most important nesting beaches are in Costa Rica (Playa
Ostional and Playa Nancite), Mexico (La Escobilla), India (Orissa) and Nicaragua
(Playa Chacocente and Playa La Flor). Much smaller nesting aggregations occur
along the Atlantic coast of South America and western Africa, as well as in the
western Pacific and Indian Oceans (Groombridge 1982; Carr and Carr 1991).

Olive ridleys and their eggs are important for socio-economic reasons. For the
local communities surrounding an arribada nesting beach, the trade of turtle eggs
represents an important economic resource (Caceres 1992; Campbell 1998). Due to
the high level of poverty typical to local people near these nesting beaches, there is an
economic demand for harvesting turtles and their eggs (Campbell 1998). It is argued
that a regulated legal harvest will satisty the demand for eggs in the market so that
egg prices will decrease. Hence illegal egg harvest will not be valuable and egg
poaching will stop. This will in turn keep turtle populations viable. However, in Playa
Ostional, Costa Rica a controlled egg harvest is permitted to help the local
community and illegal egg poaching still continues (Arauz, personal communication).
Another argument in support of harvesting olive ridley eggs from the arribada
beaches is the fact that due to the high numbers of nesting turtles they end up
destroying each other’s nests. A large number of nests will be destroyed which could
lead to a high pathogen load in the sand and subsequently high levels of infection of
healthy eggs (Cornelius and Robinson 1985). It is assumed that by taking eggs early
in the arribada that the problem of nest destruction will be reduced. However, there is

not sufficient data to support this argument and until now the impact of egg harvest



on hatching success and hatchling production has not been studied (Ballestro et al.
1998).

The general aim of my dissertation is to study both natural and anthropogenic
factors that influence population dynamics of olive ridley turtles at Playa Nancite and
Playa La Flor. In Chapter 2, I analyze the effects of nest density on hatching success
and the underlying mechanisms that may be responsible for these effects. In chapter
3, I describe the impact of egg harvest on nest hatching success and hatchling
production. In chapter 4, I analyze the diversity and abundance of microorganism on
different parts on the beach and in different nest densities on two important olive
ridley nesting beaches. Finally, in chapter 5, I will reassess my findings from chapters
2 through 4 and discuss their implications for a conservation management strategy for

olive ridley arribada nesting beaches.



CHAPTER 2: Density-dependent effects on hatching success of the olive ridley
turtle, Lepidochelys olivacea.
INTRODUCTION

Density-dependent effects regulate populations in the laboratory, but
uncertainties continue as to the importance of these effects in nature (Ricklefs and
Miller 2000). “By definition, a population is regulated if it persists for many
generations with fluctuations bounded above zero with high probability” (Hixon et al.
2002). Factors such as intraspecific competition, predation, parasitism, and pathogens
all have increasingly important effects as population density increases, limiting
density increase (Gause 1934; Rasmussen 1941; Holling 1959a, Holling 1959b;
Caughley 1970; Churcher et al. 2005; Hixon and Jones 2005; Johnson 2006).
However, it is difficult to demonstrate these effects experimentally in natural
populations.

Effects of density dependence are most obvious for sessile organisms, where
space is often a limiting factor (Sousa 1984; Roughgarden et al. 1985; Possingham et
al. 1994) resulting in an increase in mortality rate when most of the space is occupied.
Motile organisms may have large impacts on other populations in a region by
perturbing an area as they move through it by activities such as predation and grazing,
as well as non-predatory behaviors (King 1977; Schaal and Leverich 1982; Tilman et
al. 1997; Kausrud et al. 2006).

Recent studies have documented density-dependent effects on population
dynamics in diverse vertebrates. Carr et al. (2002) used orthogonal manipulations of

the presence of predators and territorial competition to determine the source of



density-dependent mortality in coral-reef fish. Density of tadpoles in experimental
ponds affected survival and metamorph growth and development (Loman 2004).
Altwegg (2003) determined that density-dependent effects played a role in
development stages of pool frogs (Rana lessonae) and may have played a role in
population regulation and dynamics of these frogs.

The importance of effects of nest density on hatchling production in sea turtles
has been debated for decades. Bustard and Tognetti (1969) reported that nest density
affected hatching success of green turtles (Chelonia mydas) in Australia. Cornelius et
al. (1991) stated that the high densities of olive ridleys (Lepidochelys olivacea)
nesting on Playa Nancite and Playa Ostional caused the destruction of many nests and
reduced overall hatching success. Girondot et al. (2002), Caut et al. (2006) and
Tiwari et al. (2006) used mathematical simulations to predict the effect of nest
destruction on hatchling production and to estimate the maximum number of
hatchlings (carrying capacity of the nesting beach) that could be produced on a
leatherback (Dermochelys coriacea) nesting beach in French Guiana and a green
turtle nesting beach at Tortuguero, Costa Rica. However, nest destruction is
insufficient to explain low hatching success on olive ridley nesting beaches
(Cornelius and Robinson 1986) and there are no studies of other mechanisms
whereby high densities of nests could affect hatching success in sea turtles.

Olive ridleys nest in massive synchronous nesting emergences: a seasonal,
monthly occurrence called an “arribada”. Bernardo and Plotkin (2007) reviewed the
arribada phenomena and discussed fitness advantages for its participants. Despite

direct effects of mass nesting on adult fitness, olive ridley populations may reach



“local egg-carrying capacity in the sand” such that nest density in sand is very high
and hatchling production decreases leading to long-term population declines because
of low recruitment of hatchlings (Arauz, personal communication.).

To understand population dynamics and to design the most effective
conservation and management strategies for an endangered species it is important to
understand how density-dependent factors regulate a population and to identify the
mechanisms of regulation under natural conditions. Thus, understanding the
processes regulating nesting success is essential for improving management decisions
for the olive ridley. The population of olive ridleys at Playa Nancite has declined
sharply since 1981 (Valverde et al. 1998; Plotkin et al. 1997; Cornelius et al. 1991;
Mo and Clusella unpublished reports, Valverde, personal communication) and this
may be due to low egg survival resulting in minimal population recruitment. From
1980 to 1990 hatching success was only 0.8-10% on Playa Nancite (Cornelius et al.
1991). Overcrowding resulted in large numbers of clutches (22.5%) being destroyed
by subsequent nesting turtles when they dug up previously laid nests (Cornelius et al.
1991). High densities of nests on the beach may produce a hypoxic environment due
to low diffusive conductance of beach sand to respiratory gases and high metabolic
activity of developing sea turtle embryos (Ackerman 1977). In addition, because
temperature of an egg determines the sex of a developing sea turtle embryo (Morreale
et al. 1982), higher temperatures in crowded nests will produce more females.

In this study we have conducted an experiment under natural conditions
that successfully isolates the effects of only one variable, nest density. We

identified the density at which spatially determined interactions were important



for reproduction of olive ridleys at Playa Nancite, Costa Rica. We determined
biophysical factors responsible for low clutch survival, density-dependent effects
on hatching success and effects of clutch density on egg temperature. We also
determined these variables at Playa La Flor, Nicaragua where nest densities are
now as high as densities at Playa Nancite in 1980’s. Our objectives were to
determine: (1) How experimental nest densities in the range of natural densities
affected hatching success, (2) How O,/ CO; levels changed in high versus low
nest density areas, (3) If embryo mortality was related to O, / CO; levels, (4) How
nest and sand temperatures changed with nest density, (5) If incubation duration
changed with nest density, (6) If nest density affected development stage at which

eggs die, and (7) If density affected hatchling mass.

METHODS

We conducted this study from November 2005 — January 2006 at Playa
Nancite, Costa Rica, and from January — February 2007 at Playa La Flor, Nicaragua.
Playa Nancite is located in Santa Rosa National Park, in Guanacaste Province Costa
Rica on the Pacific Ocean. The beach is 1 km long and, in general, 15 to 20 m wide,
but unstable (its profile changes with storms). An estuary opens in either the center
and/or at the northern end of the beach due to heavy rains and this may wash away a
large number of nests. Since the 1970’s regulations prevent egg harvest at any time at
Playa Nancite. There are no significant anthropogenic impacts on nesting activity.

Playa La Flor is a 1.6 km beach located on the southwest (Pacific) coast of

Nicaragua in Rivas Province. Playa La Flor has been a Wildlife Refuge since 1996



(Hope 2002). The beach is protected and number of nesting turtles and egg harvest
are monitored by Ministerio del Ambiente y los Recursos Naturales (MARENA) and
a nongovernmental organization, Fundacion Cocibolca. Turtle egg harvest, permitted
and poached, is very high at Playa La Flor (up to 40%).

At Playa Nancite we used the upper part of the beach with the lowest risk of
clutches being washed away, for this experiment. We used a randomized, complete
block design with 5 replicates of four I m x 1 m plots, each with a different density of
nests. A control plot had no clutches and three other plots had low (2), moderate (5)
and high (9) clutch densities.

We chose experimental nest densities using data from high and low density
nesting areas on Playa La Flor, Nicaragua (Honarvar and van den Berghe, personal
observation) and historical data from Playa Nancite (Cornelius et al. 1991, Mo and
Clusella, personal communications). We marked each plot with 1.5 m long steel rods
driven 1.1 m into the sand, at the corner of each plot. Each plot was in the middle of a
2 m x 2 m area and closed off by wire mesh cage material (2 m x 2 m x 0.5 m). We
removed all eggshells and vegetation in each area to a depth of 70 cm by hand. We
placed 4 clutches in the buffer zone around each 1 m plot to limit edge effects. During
an arribada in November 2005, we collected eggs directly from the cloaca of turtles
into a sterile bag to decrease potential contamination by microorganisms and then
transported egg-filled bags to each plot. Average clutch size of olive ridleys at Playa
La Flor is 95 £11 (Honarvar and van den Berghe, personal observation) and at Playa
Nancite is 100 (Cornelius et al. 1991). Each relocated clutch contained 70 eggs to

ensure uniformity and 10 other eggs from the same clutch were weighed for initial
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egg mass (all extra excavated eggs were reburied in the beach). We relocated eggs to
experimental nests within 45 min of collection. We constructed egg chambers with
gloved hands, 50-60 cm deep with the bottom of the chamber wider then the top, in
the shape of a round bottom flask. We placed a wire mesh cage (40 cm x 40 cm x 10
cm) on top of each nest, burying all sides of the cage in the sand. All plots were
protected from other nesting turtles by wooden poles every 50 cm around the whole
area. Hourly patrols began on the first day of relocation and continued for a week to
prevent predation.

We collected gas samples from one clutch per density treatment per block and
from sand at nest depth near a nest for each density treatment in 3 blocks. We placed
a 35 mm film canister, perforated with numerous small holes, in the center of a clutch
when burying eggs. Tygon tubing (3 mm ID, 60 cm long) allowed for passage of gas
from the film canister to the surface. Shut-off valves closed the ends of tubes so that
water, air and sand could not enter the clutch. Infrared CO, analyzer and a flow
through O, sensor (Qubit Systems, Ontario, Canada) gave real-time measurements of
nest pO, and pCO,. We calibrated sensors using atmospheric air before each use and
with a standardized mixture of CO; and O, in the laboratory at the end of the
experiment. A LabPro data logger and laptop computer connected to sensors collected
and stored data. A pump drew gas from the nest, through a Drierite desiccant column,
the CO, sensor, soda lime column and finally, the O, sensor. Sample air flow rates
were 50 ml/min and the sampling duration was 2 min (Wallace et al. 2004). We used
a 30 sec calibration period between each nest sample, in which we measured

atmospheric pO, and pCO, (Wallace et al. 2004). We analyzed data using Logger Pro
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software from Qubit Systems. We measured pO, and pCO; every 5 days during early
incubation, every 4 days in the second third of incubation and every 3 days in the last
part of incubation until hatchlings emerged. The pO, and pCO; change more rapidly
during the latter part of incubation.

We recorded temperature of one clutch per density treatment (including
control plot) in 5 blocks and in surrounding sand in 3 blocks with 24-gauge Cu/Cn
thermocouples (= 0.05°C) using a hand -held digital thermometer (model HH200A,
Omega) at 7:00 am every 3 days.

To ensure that hatching turtles were not kept in cages for an excessive period
of time, hourly patrols began on the 44" night of incubation and continued through
day 55. Once hatchlings were detected in cages, we counted and released them at the
nest. The cage was repositioned over the nest so no stragglers were omitted. Ten
hatchlings per nest were randomly chosen and weighed. Five days after the first day
of hatching we excavated nests and determined developmental stages of un-hatched
embryos following the protocol of Leslie et al. (1996).

At Playa Nancite we recorded number of nesting turtles during the November
arribada in a 25 m x 50 m section on the beach with the highest density and the entire
beach. During hatching, we counted number of clutches hatched and number of
hatchlings per clutch for 10 nests. To compare O,, CO; and temperature from density
treatment plots with natural high densities on the beach, we measured these variables
at nest depth at 6 randomly chosen locations on a densely used section of the beach
near the experimental plots as described above. We also recorded air temperature and

amount of rain (via a TRU-Check rain gauge) at 7:00 am every day.
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At Playa La Flor we recorded O,, CO; and temperature in a high nest density
area (N=10) and in a low nest density area (N=5) at nest depth in sand in January
2007. This was the latter part of incubation for nests from the December 2006
arribada and the early part of incubation for nests from the January 2007 arribada. In
addition, we recorded O,, CO, and temperature from three clutches in the high
density area of the beach from both December 2006 and January 2007 arribadas. We
placed tygon tubing and thermocouples 1 cm from the clutch at 30 cm depth. Number
of nesting turtles was counted in a high nest density area 30 m X 100 m and a low
nest density area 20 m X 100 m by MARENA during the December 2006 arribada.
During hatching, number of clutches hatched in both the low and the high nest
density areas of the beach was counted by MARENA.

All statistical analyses were done using SAS 9.1. Separate two-way, mixed
model ANOVAs (SAS PROC MIXED, randomized block design) tested whether
experimentally modified nest densities affected hatching success, hatchling
production, incubation duration and whether temperature, O, and CO; levels were
significantly different in different density plots and blocks. Nest density was a fixed
factor, blocks were a random factor and the number of hatchlings/clutch,
hatchlings/m?, incubation duration, temperature, O, and CO, were response variables.
We used a Tukey-Kramer post hoc test to determine significant differences between
densities. We used the CONTRAST comparison in SAS to determine significant
differences in hatchling production. Hatching success was calculated as number of
hatchlings emerged divided by 70 (the original number of eggs). We arcsine

transformed hatching success data for analysis. An o = 0.05 level was accepted for all
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the tests preformed. We analyzed development stage of un-hatched eggs in the
different density treatments by separating them into early (stage 0 and 1) and late
(stage 2 and 3) stages and running a MANOVA with randomized block design.

We used one-way ANOVA to determine whether, O,, CO, and temperatures
in the sand were significantly different at high and low nest densities at Playa La Flor.
We also compared high and moderate density experimental plots versus high nest
density in the beach at Playa Nancite during latter part of incubation. We used a
Tukey post hoc test to determine significant differences between densities. We
calculated overall nest hatching success for the nesting beach for the November 2005
arribada at Playa Nancite (data collected in this study) and the December 2006
arribada at Playa La Flor (data collected by MARENA) using number of nests
hatched on the nesting beach divided by number of nesting turtles.

Since nest densities on the different sections of the beach were not uniform we
did a simulation to calculate the expected range of nest densities from an arribada on
Playa Nancite and on Playa La Flor (25 m x 50 m section). We located 1500 and 3000
nests using MATLAB 7.0, which randomly placed nests in each plot. We estimated
nest densities using a bivariate normal product kernel technique (Martinez and
Martinez 2002) and ran the simulation 1000 times. In addition, we simulated
percentage occurrence of nest destruction for 1500 nests randomly distributed on a 25
m x 50 m section of the beach. We used a similar simulation to model nest densities
for a 25 m X 50 m section given total number of nesting turtles for the whole nesting
season at Playa Nancite (13,000) and Playa La Flor (187,000). In addition, simulation

for Playa La Flor also predicted the number of nests/m” in 1980s at Playa Nancite.
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RESULTS
Density-dependent effects

Experimental nest density had a significant effect on hatching success.
Hatching success in high density experimental plots was significantly lower (29.5%)
than in moderate (55.9%) and low density (71.6%) plots (two-way ANOVA, F, 73 =
13.63, P <0.0001; Fig. 1). Overall hatchling production did not differ in high
(192/m?) and moderate (189/m?) density experimental plots, but was significantly
higher than in low (100/m?) density experimental plots (two-way ANOVA, Fig=
12.24, P =0.0081). Only 122 clutches from 1521 nesting turtles at Playa Nancite
hatched (8%). Overall nest hatching success of the beach was also 8%.

Density did not have a statistically significant effect on the stage of
development at death of embryos or on incubation time (46.2 —46.9 days). In
addition, stage of development did not affect embryonic mortality. There were no
statistically significant differences among density treatments in egg mass before
incubation (31.2 — 31.8 g) or in hatchling mass (15.5 — 15.6 g).

Gas exchange

Oxygen and CO; levels in clutches in all three density treatments remained
close to control values during early incubation and changed during the latter part of
incubation (Fig 2a and b). The CO, concentrations on the 40™ and 45™ day of
incubation were significantly higher in high density plots than in control and low
density treatment plots (two-way ANOVA, F3,3=91.13, P <0.0001). On both days
40 and 45, CO; concentrations were significantly higher in high density treatment

plots versus moderate and low densities. The O, concentrations on the 40™ and 45™
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day of incubation were significantly lower in high density plots than in control plots
(two-way ANOVA, F3,3=150.11, P <0.0001). On both days 40 and 45, O,
concentrations were significantly lower in high density treatment plots versus the
other plots.
Temperature

There was 25 mm of rain and air temperature was 25°C + 2.3 during the
incubation period. Temperatures in nests and nearby sand in density treatments were
close to values in control plots for the first part of incubation but differed during the
latter part of incubation (Fig. 3a). Temperatures for days 37, 40 and 47 of incubation
were significantly higher in density plots than in control plots and significantly higher
in highest density plots versus moderate and low density plots (two-way ANOVA,
F345=154.61, P <0.0001).
Gas exchange and temperature under natural conditions on Playa Nancite and Playa
La Flor

The O, and CO; levels in the sand under natural conditions on Playa Nancite
had the same pattern as in nests in density treatment plots with values close to control
values for early incubation (Fig 2c and d). Mean O, levels in the sand during latter
part of incubation were significantly different between beach and high and moderate
density treatments (one-way ANOVA, F =34.55; df = 2,45; P <0.0001). Mean CO,
levels in the sand during the latter part of incubation were significantly different
between beach and high and moderate density treatments (one-way ANOVA, F3 56 =
76.63, P <0.0001). Sand temperatures during the latter part of the incubation were

significantly lower in the beach than in high density plots (one-way ANOVA, F3 56 =
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9.30, P <0.0001; Fig. 3b). There was no statistically significant difference between
temperatures in the beach and the temperatures in sand in moderate and low density
plots.

Oxygen and CO; concentrations in sand at Playa La Flor in high and low nest
density areas were significantly different. Mean O, level during the latter part of
incubation was significantly lower in a high nest density area (18.4%) compared to a
low density area (19.1%) on the beach (one-way ANOVA, F 105 =27.70, P <
0.0001). Mean CO; level in the sand during latter part of incubation was significantly
higher in a high nest density area (4.2%) compared to a low density area (2.8%) (one-
way ANOVA, Fy 127 =67.53, P <0.0001). In nests from the December arribada (day
36 of 51 day incubation) O, was as low as 15% and CO, was as high as 10%. In nests
from the January arribada (day 18 of incubation), laid among December nests, O, was
as low as 16.5% and CO, was as high as 8%. Temperature was significantly lower in
a low nest density area (32.7°C) compared to a high density area (35.3°C) (one-way
ANOVA, F; 114 =200.56, P <0.0001). Temperatures of 6 nests incubating in a high
density area of the beach from December and January arribadas reached as high as
38°C. Nest hatching success in a high density section was 10% and in a low density
section was 16%. Overall nest hatching success was 12% for the December arribada
at Playa La Flor.

Simulation

Simulated nest density distributions for a Playa Nancite arribada (1500

nests/25 m X 50 m) and a Playa La Flor arribada (3000 nests/25 m X 50 m) (Fig. 4)

indicated that nest densities would not be uniformly distributed and that variable local
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nest densities could be explained by random processes. Simulated local nest densities
varied from zero to 4-5 nests/m” on Playa Nancite (Fig. 4b) and 5-7 nests/m” on Playa
La Flor during these arribadas (Fig. 4a). The relative frequency of nest densities was
highest for approximately 1 nest/m” at Playa Nancite and 2-3 nests/m” at Playa La
Flor (Fig. 5) for the simulated arribadas. Simulation of nest densities for the total
number of nesting turtles for the whole nesting season (2005-2006 at Playa Nancite
and 2006-2007 at Playa La Flor) indicated highs of 4-5 nests/m” for Playa Nancite
and 10-16 nests/m” for Playa La Flor. Relative frequency of nest densities was highest
for approximately 1 nest/m” at Playa Nancite and 9 nests/m” at Playa La Flor (Fig. 5).
Simulation of nest densities for the total number of nesting turtles for the 1980
nesting season at Playa Nancite indicated highs of 10-16 nests/m®. This simulation
predicted 22.7% nest destruction on Playa Nancite and 40.2% on Playa La Flor
during one arribada in a given high density section of the beach. It also predicted
87.2% nest destruction for the current nesting season on Playa La Flor and for a

nesting season in the 1980’s at Playa Nancite.

DISCUSSION
This study is the first experimental demonstration of a density-dependent
effect on hatching success in sea turtles. Here space for nests was the limiting factor
and an increase in mortality rate occurred as more of the space was occupied.
Roughgarden et al. (1985) developed a model that predicted the effect of settlement
rate on the demography of sessile marine organism. Space was the limiting factor in

recruitment success. Possingham et al. (1994) predicted that if density dependent
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predation by starfish on barnacles increased rapidly at some critical prey density, then
abundance of the prey would cycle at the same spatial scale as the predation
mechanism. Here the mechanism of the density dependent effect was physiological
and the overall effect on the population appeared to be a population cycle like that
predicted by Possingham et al. (1994) based on predation.

Unlike previous studies on sea turtles, we removed all other density dependent
and independent factors that could affect hatching success leaving only one factor, the
nest density itself (nests/m?). Nest density significantly affected hatching success in
experimental treatment plots (Fig. 1). High nest density decreased hatching success.
There was no significant difference in hatchling production between high and
moderate density experimental plots. There was no difference in embryonic stages at
which embryos died in the different density plots. To understand how limited space
can affect the decline in hatching success in high nest density treatments we measured
the gas environment and temperature in which embryos developed.

Gas exchange

Gas exchange has been shown to be important factor affecting population
dynamics of pool frogs. Frog embryos stop development or die when the pO; is very
low due to high number of metabolizing embryos in large gelatinous egg masses
(Seymour and Bradford 1995). In estuarine crocodiles and alligators, oxygen has been
shown to be a limiting factor and could cause slow growth, development and smaller
hatchling size (Booth 2000; Warburton et al. 1995).

In our study experimental nest density affected gas exchange in sea turtle eggs

and gas exchange was limited in high nest density plots. This confirmed the
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hypothesis of Ackerman (1996) that at high nest density gas exchange of nests will
affect other surrounding nests. As nest density increased O, concentration decreased
and CO; concentration increased in the nest and in the surrounding sand (Fig. 2).
This was due to increased metabolic activity (increased O, consumption) in high
density plots. Ackerman (1977) reported that by the end of incubation O, can be as
low as 12 to 14 kPa (11.8% to 13.8%) while CO, levels can be as high as 4 to 6 kPa
(3.9% to 5.9%) in green turtle and loggerhead turtle nests. Maloney et al. (1990)
measured 2 kPa to 3 kPa (2% to 2.9%) for CO; in loggerhead turtle nests in
Queensland, Australia. In our high nest density treatments O, dropped to 17.2% and
the CO; rose to 6.2% in nests on Playa Nancite. This was due to the large number of
developing clutches in high density plots. The O, demand and CO; production
increase during the second half of the incubation period in a sea turtle nest (Prange
and Ackerman 1974; Ackerman 1977; Reynolds 2000; Wallace et al. 2004). In our
study, higher production of CO; in the latter part of incubation and large number of
clutches resulted in higher CO; levels in high nest density treatments. Hatching
success decreased in our study in high density nests with an elevated CO; level
suggesting that levels of CO, approaching 4-5 % were detrimental to developing sea
turtle embryos. Levels of O, in our study were higher than those measured by
Ackerman (1977) but similar to those measured by Wallace et al. (2004) for
leatherback nests in a hatchery at nearby Playa Grande. They attributed higher than
expected O; levels to tidal pumping. The same mechanism was probably active at

Playa Nancite. Both beaches have a 3 m tidal range.
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Under natural conditions on the nesting beach O; levels in sand were
significantly lower and CO; concentrations in sand were significantly higher than the
gas concentrations found in sand from the high nest density treatments. This was
probably due to shorter distances between nests and presence of higher levels of
microorganisms in the sand on the nesting beach due to the large number of nests
destroyed by nesting turtles (Clusella Trullas and Paladino 2007).

At Playa La Flor the CO; and O; levels in sand at high nest density were 4.2%
and 18.4%, respectively. The CO, levels in nests in a high density area on the beach
reached 10% at 36 days of incubation. An important difference between Playa La Flor
and the experimental plots at Playa Nancite was the large number of nests destroyed
during large arribadas. Oxygen uptake and CO; release due to the rotting eggs from
these nests likely affected gas concentrations on the nesting beach. At Playa La Flor
there were 11 arribadas from July 2006 to January 2007. Whether the number of
arribadas has a cumulative effect on gas concentration in nests or in the beach (the
more arribadas the higher the CO, and the lower the O, of the sand) requires further
study.

Temperature

Temperatures in nests and in sand surrounding the nests were significantly
higher in high nest density treatments during the last third of incubation (Fig. 3).
However, the absolute difference was small (1°C) and did not affect incubation
duration. We found greater changes (2 to 3°C) in the sand temperature in a high

density area versus a low density area under natural conditions on Playa La Flor.
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Simulation

Simulations predict local nest densities on Playa Nancite as high as 4-5
nests/m” for 2005-2006 (Fig. 5), which was comparable to our moderate nest density
treatments. However there was a great difference between the hatching success on the
beach (8%) and in the moderate nest density treatment plots (55.9%). This was
probably due to nest destruction (22.7%), which left large numbers of broken eggs in
the sand, as well as egg predation by many species (Cornelius 1991).

In the 1980’s local nest density at Playa Nancite could have been as high as 10
to16 nests/m*/nesting season (Fig. 5). Since then the olive ridley population on Playa
Nancite has declined (Valverde et al. 1998). Our data suggest that this decline was
probably due to high nest densities in the past that resulted in high numbers of nests
destroyed by subsequent nesting turtles (87.2%) and high incubation temperature and
CO; levels in nests and surrounding sand due to high nest densities and excessive
microbial respiration.

The number of nesting turtles at Playa La Flor is increasing (46,000 turtles in
1999-2000 to 187,000 in 2006-2007 nesting season). Currently simulated nest density
at Playa La Flor is as high as 5 to 7 nests/m*/arribada and 10 to 16 nests/m”/season
(Fig. 4a and 5). Nest hatching success for the December 2006 arribada was 12%. It is
possible that due to the small population size at Playa La Flor in the past, hatching
success was higher resulting in the current high numbers of turtles. This population
may crash in the future as did the population on Playa Nancite. There may be
population cycles on these beaches similar to the classic rise and decline of the

Kaibab deer population in Arizona (Caughley 1970). Long term studies on the
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population biology of nesting turtles and hatchling production on these two beaches
are necessary to elucidate the interaction of nest density effects on recruitment and
the population dynamics of olive ridley turtles.

Density dependence and population dynamics

In general, many factors can cause density-dependent effects at different life
stages of an organism leading to regulation of population cycles. This is well known
in insects, birds and mammals (Sousa 1984; Miller 2007; Yom-Tov et al. 2007).
Many of the best recent examples of density dependent effects at multiple life stages
are in amphibians. Altwegg (2003) found that high densities reduced growth of both
aquatic larvae and terrestrial juvenile pool frogs (Rana lessonae). Loman (2004)
reported density-dependent effects on survival of Rana temporaria during the tadpole
stage in natural ponds. Harper and Semlitsch (2007) determined that density had
strong regulative effects on survival, growth and reproductive development of wood
frogs (Rana sylvatica) and American toads (Bufo americanus) in terrestrial
enclosures.

In our study we focused on one life stage (egg incubation) and showed that
when space was a limiting resource, gas exchange became an important limiting
factor leading to higher embryo mortality rates in clutches at high nest densities.
Density-dependent effects also occur in the adult stage of sea turtles. Bjorndal et al.
(2000) showed that there are density-dependent effects on growth rate in adult green
sea turtles. This density-dependent effect is due to their foraging behavior (grazing),

in which the turtles concentrate on specific grazing areas.
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Therefore, in order to understand population regulation in sea turtles it is
necessary to study all life stages of a species. For example, directed and incidental
capture of olive ridleys by fisheries has greatly impacted many populations (Frazier et
al. 2007). More then 60,000 olive ridleys were captured annually in the 1990s in
Pacific Central America (Arauz 1996; Arauz et al. 1998). The combined impact of
adult mortality and density-dependent effects on the beach reported here on reduction
of recruitment should be considered in assessing the population dynamics of this
species. This in turn is critical for developing an effective conservation strategy.
Thus, even though olive ridleys are the most abundant sea turtles, population crashes
at nesting beaches in Costa Rica and Mexico (Frazier et al. 2007; Cornelius et al.
2007) caution us to obtain a clearer understanding of population regulation at all life

stages before allowing exploitation of any life stage.
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Figure 1. Hatching success (mean = CI) measured in different experimental density
treatment plots at Playa Nancite, Costa Rica. Hatching success in high density
treatment plots was significantly lower compared to moderate and low density plots
indicated by different lowercase letters.
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Figure 2. Oxygen and CO; in nests and in sand (mean + SE) during incubation at
Playa Nancite. Oxygen in nests (a) in sand (c). Carbon dioxide levels in nests (b) and
in sand (d) in different density treatment plots (Squares = beach, triangles = high
density, circles = moderate density, diamond = low density) shown in the graph along
with control plots (X = control) which contained no nests.
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Figure 3. Temperatures in nests and in sand (mean + SE) during incubation at Playa
Nancite. Temperature in nests (a) and in sand (b) in different density treatment plots
(Squares = beach, triangles = high density, circles = moderate density, diamond =

low density) are shown in the graph along with control plots (X = control) which
contained no nests.
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one arribada at Playa La Flor (solid line) and for the entire nesting season at Playa La
Flor (dotted line).
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CHAPTER 3: Impact of egg harvest on the olive ridley, Lepidochelys olivacea,
population at Playa La Flor, Nicaragua.
INTRODUCTION

Utilization of natural resources, including wildlife, may be of significant
economic, political, social, and cultural importance to a society (Campbell 1998;
Hope 2002). The benefit derived from wildlife use can play a role in the response of
community members to conservation efforts and may significantly influence the
outcome of scientific investigations and conservation projects. Consideration of the
views of, and effects on, local communities should be addressed during the design
and implementation of conservation projects. Major threats to individual species
survival and biodiversity include habitat destruction, habitat fragmentation and
degradation, introduction of invasive species and over-harvesting of wildlife
resources (Bucher 1992; Holdaway and Jacomb 2000; Eng-Heng Chan 2006). While
long-term studies are important for studying the biology and population status of any
organism under consideration, the effects of wildlife harvest on a population should
be examined before implementing harvest management programs.

The olive ridley sea turtle, Lepidochelys olivacea, is classified as endangered
in the [UCN red data book (Groombridge 1994) and is listed in Appendix I of CITES
(Lyster 1985). To date, scientific research on the olive ridley turtles has focused
largely on biology, despite decades of debate about the viability of egg harvest on
nesting beaches (Cornelius & Robinson 1985; Ballestero et al. 1998; Mrosovsky
1997; Cornelius et al. 2007; Campbell 2007; Witherington and Frazer 2003).

Although a few studies have examined the economic benefits and socio-economic



30

influences of harvesting olive ridley eggs (Campbell 1998; Hope 2002), there have
been no definitive studies examining the effects of egg harvest on the population
dynamics of the olive ridley turtle. The impact of harvesting on olive ridley
population was studied at Playa Ostional but due to weakness of the counting
methodology no conclusions were able to be drawn (Ballestro et al. 1998).

Olive ridley turtles are the most abundant sea turtles in the world. They
exhibit a unique nesting strategy whereby large numbers of turtles emerge on nesting
beaches in a synchronous phenomenon, called an “Arribada,” (a Spanish term for
arrival). The Arribada nesting behavior by these turtles results in a density-dependent
destruction of previously laid clutches (Cornelius and Robinson 1985). Current
management strategies include egg harvest and are based on the rationale that
clutches laid early in an arribada are likely to be destroyed by turtles nesting later in
the same arribada, or in subsequent arribadas (Campbell 1998). Clutch destruction, in
conjunction with increasing microbial load throughout the nesting season (due largely
to deposition of the nutrient rich egg content from disturbed nests being deposited in
the sand) may decrease hatching success and hatchling production on the nesting
beach (Cornelius et al. 1991, Campbell 1998). To date, there have been no conclusive
studies showing the effect of nest removal on hatching success and hatchling
production.

Worldwide, few beaches remain where olive ridley turtles still nest in
arribadas (Spotila 2004). The most important nesting beaches in the Americas are
located in Costa Rica, Mexico and Nicaragua, and they benefit from varying degrees

of protection or management. In Costa Rica, Playa Ostional Wildlife Refuge was
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established in 1985. Since then a controlled egg harvest has been enforced, in which
eggs are only collected during the first 36 hours of each arribada (Campbell 1998).
Playa Nancite is located in Santa Rosa National Park, Costa Rica, and is fully
protected by geographic isolation in addition to legislation. There is no egg harvest
permitted at Playa Nancite and significant poaching is absent (Cornelius et al. 1991).
In Mexico, a nationwide ban on egg harvest has been in place since 1927. Despite this
ban, high levels of egg poaching, and land based slaughter of nesting adults,
continued through the 1990s, leaving La Escobilla, in Oaxaca, as Mexico’s only
surviving arribada beach (Trinidad & Wilson 2000, Pefaflores et al. 2001). In
Nicaragua, Playa Chococente is managed with a controlled egg harvest between July
and January of each year, while unlimited egg harvest is permitted for the rest of the
year (Stewart 2001, Hope 2002). Playa La Flor, Nicaragua, was officially declared a
wildlife refuge in 1996 (Hope 2002). A program of controlled egg harvest is in place
throughout the arribada nesting season at Playa La Flor, which extends from July to
February each year. Peak nesting activity and the largest arribadas typically occur
between August and October. Since 1992, MARENA (Ministerio del Ambiente y
Recursos Naturales), the Nicaraguan military, and local community leaders have
worked together to protect nests from July to February of each year. From 1998 until
present, Fundacion Cocibolca (a non governmental organization) has been
responsible for management of the nesting beach, beach protection and for
monitoring the egg harvest, on a contractual basis.

The trade of turtle eggs represents an important economic resource for the

population surrounding Playa La Flor (Céceres 1992). A semi-controlled egg harvest
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of 4% has occurred since 1993 (Arauz 1996, Hope 2002). Historically, in an average
year, each family from the surrounding communities would receive from 7 to 8 dozen
turtle eggs per season, which might be used for consumption or for sale (Arauz 1996).
During the nesting seasons from 2003 to 2005 the controlled egg harvest was
increased to an estimated 10% of the eggs deposited on the beach. From this 10%
harvest, approximately half was given to the surrounding communities, where each
family allotment was increased to an average 10 dozen eggs per season. The
remaining eggs were used as a payment to individual community members who
physically participated in the egg harvest (Fundacién Cocibolca reports in 2003- 2004
and 2004-2005 nesting season).

In order to more effectively manage the nesting beach at Playa La Flor, and
potentially other beaches where the same nesting strategy is employed, it is important
to develop an accurate, quantitative estimate of the impact of egg harvest on this
population of olive ridley turtles. Answers to the following questions are crucial to
the development of a more effective management strategy: 1) What is the status of
olive ridley nesting population at Playa La Flor, Nicaragua? 2) How does removal of
a newly laid clutch on destroyed nest affect overall hatching success and hatchling

production under natural conditions?

METHODS
Study site
Playa La Flor is situated on the southern Pacific coast of Nicaragua, bounded

by Punta Brasilito to the north and Punta La Flor to the south, 15 km north of the
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Costa Rican border. Playa La Flor is in the Province of Rivas, approximately 18 km
southeast of the town of San Juan del Sur. 1.6 km long, this nesting beach lies within
the 8 km” boundary of the refugio de Vida Silverster La Flor. In general, the beach
ranges from 15 to 20 m wide, and is unstable (its profile changes throughout the

season).

Clutch removal experiments

Clutch removal experiments were carried out during four consecutive
arribadas and their respective hatching periods, from August 2004 to January 2005.
Due to extremely high poaching levels, the data from the August, 2004 arribada was
omitted from this analysis. We chose a 300 m section of beach on which six pairs of a
6 m X 6 m experimental and a control plots were established, in random locations.
Each control and experimental plot was treated as a set and they were considered to
be a block during data analysis. This yielded 6 blocks total, with 2 randomized
treatment plots per block.

We recorded the number of nests deposited in each plot and applied a dab of
white paint to a scute on the carapace of each nesting turtle. Paint was only applied
after the process of covering the nest had begun, to ensure that each count
corresponded to one completed nest. If a nesting turtle excavated eggs from a
previously laid clutch (eggs can be observed lying on the surface surrounding the new
nest chamber) this nesting site was deemed to contain two clutches and was recorded
as a “double clutch” and the number of nests destroyed in this fashion was recorded.
Newly laid clutches were removed from these “double-clutch” experimental plots

immediately after nesting, while double-clutch eggs were left in control plots. The
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removed eggs were given to park rangers for distribution among community
members. We also recorded the number of nests poached from each plot. Poached
nests were defined as clutches that were observed being removed by poachers (we
filled the holes with sand immediately after this discovery) or any empty nest cavity
within either experimental or control plots that were discovered during the day.

On Playa La Flor, the incubation of olive ridley eggs takes between 44 and
55days. We initiated hourly patrols on the 43" night, which continued until 55 days
after clutch deposition. We positioned wire mesh cages over each nest before
hatching started, in order to ensure that we counted every emerged hatchling and
attributed it to the proper clutch. We recorded the total number of clutches hatched
per plot (nest hatching success) and the number of emerged hatchlings per clutch.
Data analysis

All statistical analyses utilized SAS 9.1. Three separate linear regressions
were used to evaluate the nesting trends of the olive ridley population from 1998 to
2006 (the number of turtles nesting), the number of arribadas occurring per nesting
season and the duration of each arribada (number of days for which an arribada
lasted) from 1998 to 2004.

Mixed model ANOVA’s (SAS PROC MIXED, with randomized block
design) were used to compare the number of clutches (both before and after
poaching) in control plots to experimental plots. Nest density was treated as a
dependent variable and the statistical blocks were treated as a random factor. Both
treatment of the plots (whether double clutches were removed or not) and the time of

an arribada (September, October or November) were considered fixed factors.
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We compared the number of double clutches in different treatment plots,
using mixed model ANOVAs (SAS PROC MIXED, randomized block design). The
number of double clutches in a plot was assigned as the dependent variable and the
number of clutches was a covariate. Blocks were treated as a random factor, while
treatment and the month of the arribada were considered to be fixed factors.

A generalized linear model (SAS PROC GENMOD, binomial distribution)
was used to estimate the degree of egg poaching in each block (spatially) and over the
four months that arribadas occurred (temporally). The response variable was set as
the number of clutches poached divided by the total number of clutches per plot,
Block and the time of the arribada were established as classification variables.

Nest hatching success was evaluated using SAS PROC GENMOD, binomial
distribution. The response variable was defined as the number of hatched clutches
divided by the total number of clutches per plot (double clutches were included but
poached clutches were omitted), while treatment, block and time of arribada were all
considered classification variables.

We analyzed hatchling production in different treatment plots using SAS
PROC GENMOD, poisson distribution. The response variable was defined as
hatchling production and the treatment, block and month that an arribada occurred

were considered classification variables.
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RESULTS

Utilizing historical records, it was established that there was an increasing
trend in the number of clutches laid per season, from 1998 to 2006 (Fig. 6). The
number of arribadas per nesting season and the duration of those arribadas showed no
statistically significant change over the same time period (Table 1).

In the clutch removal experiment, the nest density and the number of double
clutches (both before and after poaching) did not differ significantly between the
control plots and the experimental plots (Table 2). No significant difference was
detected between the number of clutches laid in the experimental plots without the
double clutches removed versus the control plots. A significant difference was
detected in the number of nests laid (both before and after poaching) during the three
arribadas (PROC MIXED, before poaching: F,»5=4.75, P =0.02 ; after poaching:
Fr25=3.35, P =0.05). After poaching, there were 736 nests laid during the September
arribada whereas only 461 were deposited during the October arribada.

The proportion of clutches poached did not differ significantly in control
versus experimental plots (Table 2). However, there was a significant difference in
the spatial (PROC GENMOD, y” 5.45= 28.06, P < 0.0001) and temporal (PROC
GENMOD, % * 3.45= 172.82, P < 0.0001) distribution of poaching (Table 2). Poaching
levels were the highest in blocks 1 (12.0%) and block 6 (17.5%) that were at the
distant ends of the experimental area (Table 2). In the August 2004 arribada, 45% of
all the clutches laid were poached, whereas only 2.0% of the clutches were poached

during the October 2005 arribada (Table 2).
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Nest hatching success was significantly different between the control plots
and the experimental plots (PROC GENMOD, y* 136= 18.66, P <0.0001). Nest
hatching success in the control plots was 10.7% versus 3.1% in the experimental
plots, where double clutches were removed (Table 2). Nest hatching success varied
significantly based on both spatial (PROC GENMOD, x2 s36= 166.14, P <0.0001)
and temporal (PROC GENMOD, Xz 236= 22.33, P <0.0001) parameters (Table 2).
The highest nest hatching success occurred in block 6 (32.0%) and the lowest in
block 1 (2.4%) (Table 2). Hatching success was higher in both the September (8.3%)
and October (6.7%) arribadas than in the November (3.5%) arribada (Table 2).

Mean hatchling production was significantly higher in the control plots than in
experimental plots (PROC GENMOD, y* 1 36= 31.96, P < 0.0001). Hatchling
production in the control plots was 4124 hatchlings, versus1998 in the experimental
plots (Table 2). The mean hatchling production varied significantly based on both
spatial (PROC GENMOD, x* 53¢= 153.00, P < 0.0001) and temporal (PROC
GENMOD, x* 136= 95.92, P < 0.0001) parameters (Table 2). Hatchling production
was highest in block 6 (2137 hatchlings) and lowest in block 3 (81 hatchlings) (Table
2). The September 2004 arribada had the highest hatchling production (3724

hatchlings) of the nesting season (Table 2).

DISCUSSION
Historical records indicate an increase in the number of turtles that arrived at
Playa La Flor over the 9 years from 1995 to 2004 (Fig. 6). While the trend may be

accurate, there is likely an overestimation of population size. These numbers
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represent an estimate of the number of turtles that crawled up the beach but did not
differentiate between turtles that did nest and those that did not. Furthermore, there
was no correction made to account for the fact that the same turtle might nest multiple
times during the same nesting season. More accurate counting methodologies would
improve the accuracy of the raw data and the estimates of the nesting population
(Gates et al. 1996; Valverde et al. 1998). Further analysis of the historical data
showed that there are no statistically significant differences in the number and
duration of arribadas from year to year (Table 1).

The clutch removal experiment was carried out under natural conditions with
natural nest densities. The amount of poaching and the number of double clutches
occurring in the treatment plots were not significantly different. The data shows a
decrease in nest hatching success and hatchling production linked to the removal of
double nests. In general the more turtles that nest on a beach, the more clutches are
destroyed by turtles (Cornelius and Robinson 1985; Cornelius et al. 1991). It has been
suggested that egg harvest could minimize the number of clutches destroyed by other
turtles on the nesting beach and that hatching success and hatchling production would
therefore increase (Cornelius and Robinson 1985). The data collected in this study did
not support that suggestion.

In this study, we removed the clutches that had the lowest chance of survival,
the double clutches. The hatching success of double clutches has previously been
reported to be lower (36.7 %) than in single clutches (58.5 %) at Playa La Flor (Von
Mutius 2000). In theory, this nest removal should result in more space availability for

subsequently nesting turtles. Our results show that control plots, where no



39

manipulation or disturbance occurred, produced more hatchlings and had a higher
nest hatching success than experimentally treated plots. A total of 111 double
clutches were laid in the experimental plots. Assuming that the nesting turtle destroys
the clutch that was previously laid and that we remove her clutch, a total of 222
clutches are removed from the experimental plots. Even if all 222 nests were
considered to be equally viable (an overestimation), with a 10.7% nest hatching
success (equal to that in the control plots) only 24 clutches would have hatched. The
average hatchling production per nest in the control plots was 35 hatchlings. With an
average of 35 hatchlings per nest, 24 clutches would produce 840 hatchlings. There is
a great difference between the 840 hatchlings potentially produced from the removed
nests and the 2126 hatchling disparity observed between the experimental plots and
control plots.

The data clearly indicates that there are other mechanisms affecting nest
hatching success and hatchling production in the experimental plots. We hypothesize
that this is due to disturbance of the nest environment, resulting from human
intervention during egg harvest. In most biological systems natural disturbance can
have significant effects on an individual’s physiology, behavior and/or ecology, and
may affect the fitness of certain phenotypes (Karr and Freemark 1985). In general
there are two types of disturbances, physical (i.e. fires, floods, very high tides or
waves) and biological (i.e. predation, grazing, etc.) (Sousa 1984). In our study,
discrete disturbances caused by turtles can damage clutches and kill eggs, but it may
create an opportunity for a new clutch to become established. The disturbance caused

by humans during the egg harvest appears to have a more severe detrimental effect on
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nest hatching success and on hatchling production. The harvest of double clutches
appears to disturb the nest environment in ways that other turtles do not, and lowers
hatching success and hatchling production by mechanisms that are not yet apparent.

In our study, spatial effects were identified which had significant impact on
nest hatching success and on hatchling production (Table 2). Blocks 5 and 6 had the
greatest nest hatchling success (19.1% and 32% respectively) and the highest
hatchling production (2081 and 2137 respectively). These two blocks were located
furthest away from the vegetation and closer to the high tide line than the other four
blocks. It has been shown in green turtles and in leatherback turtles that nests laid
below the high tide line or very high on the beach, too near to vegetation, have a
decreased chance of survival (Whitmore and Dutton 1985; Bjorndal and Bolten 1992;
Kamel and Mrosovsky 2004).

We observed significant temporal effects on nest hatching success and
hatchling production (Table 2). The September arribada had the highest nest hatching
success (8.3%) which resulted in the highest hatchling production (3724 hatchlings).
October and November months are the height of the rainy season in Nicaragua. It has
been hypothesized that the microbial load increases as the nesting season progresses,
due to an increase in nutrient rich egg mater on the beach (Cornelius and Robinson
1985). The rains may also exacerbate the situation by creating a moist environment
which favors microbial growth. In addition, a large number of olive ridley nests are
lost due to extremely heavy rains and to the unusually high tides experienced during

the rainy season at Playa La Flor (personal observation).
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The exact mechanisms by which human disturbance, spatial effects and
temporal effects exert force on nest hatching success and hatchling production are not
yet known. Further investigation will be needed to identify the mechanisms
negatively affecting the nest environment and represent important subjects for future
research efforts.

Our study indicates that, in contrast to dogma, human disturbance of the
nesting beaches (for any reason) is more detrimental to nest hatching success and
hatchling production than no interference at all. It was, therefore, premature to
conclude that because density-dependent effects exist on olive ridley nesting beaches
that hatching success would not be negatively affected by egg harvest or by relocation
of nests to hatcheries. It is important to consider the biological implications of
disturbance, spatial effects and temporal effects on nest hatching success and
hatchling production when designing conservation and management strategies.

The Nicaraguan people living near the ocean have utilized turtle eggs for both
consumption and as a source of income for many generations. There is considerable
pressure from surrounding communities to continue the egg harvest, as a cultural
right and as a source of income. When this pressure has not been satisfied,
uncontrolled poaching has been the consequence. Despite protection, Playa La Flor
suffers from a high level of poaching, illegal trade, corruption and occasional mass
invasion by poachers that may result in an off take of 45% or more (Personal
Observation 2003 and 2004 nesting seasons).

It is important to have hard science as a reference to help guide policy, conservation

efforts and management programs, so that these natural resources can be utilized in a
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sustainable fashion and will be available for generations to come. It is inappropriate
to continue harvesting wildlife resources without a thorough study and understanding
of the effects of harvest on the population dynamics of the organism under
consideration. Conservation efforts based on untested dogma, can end up having
detrimental effects on the very resource that we are trying to preserve. Regardless of
the intention, the effects of these efforts, such as inadvertent over-harvesting or other
unidentified negative effectors, can have potentially catastrophic effects on the

resource in question, potentially leading to population collapse or even extinction.



43

Table 1 Number and duration of arribadas at Playa La Flor,
1998-2006 (* 2005 data is not available, 2006 data was not
included in the data analysis).

Year Number of arribadas Duration of arribadas
(mean £ SE)

1998 9 3.7+ 0.3
1999 8 59+ 0.6
2000 7 7.1+ 0.7
2001 8 6.1+ 1.2
2002 9 76+ 1.5
2003 9 47+ 0.4
2004 7 53+ 1.2
2005* 2 ”

2006* 11 8.0+ 1.0
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Figure 6. Olive ridley population trend from 1998 to 2006 at Playa La Flor.
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CHAPTER 4: Microbial community structure in sand on two olive ridley
arribada nesting beaches, Playa La Flor, Nicaragua and Playa Nancite,
Costa Rica.
INTRODUCTION
Microorganisms have the potential to be important selective forces in the
evolution of oviparous organisms through their interaction on development and on
mortality, as indicated by studies in birds (Pinowski et al. 1991; Nuttall 1997; Mills et
al. 1999). For instance, presence of fungi and gram- negative bacteria on chicken
eggshells can destroy the water resistance properties of the shell leading to digestion
of the protective shell cuticle and facilitating microbial infection (Cook et al. 2005;
Board et al. 1979). Several species of bacteria and fungi have been isolated from
failed eggs and dead embryos in different bird species (Stewart et al. 2000; Mills et
al. 1999; Lombardo et al. 1996; Kozlowski et al. 1991). Analyses of egg failure in
freshwater turtles have identified Salmonella spp. as a pathogen (Ewert 1979). Using
culture-dependent methodologies the presence of microorganisms on the egg exterior
and/or in embryonic tissue has been described in several species of sea turtles
including the loggerhead turtle (Ragotzkie 1959; Wyneken et al. 1988; Peters et al.
1994; Awong-Taylor et al. 2007), the green turtle (Bustard and Greenham 1968;
Solomon and Baird 1980; Whitmore and Dutton 1985), the leatherback turtle
(Whitmore and Dutton 1985; Solomon and Tippett 1987; Eckert and Eckert 1990)
and the olive ridley turtle (Mo et al. 1990 and 1992; Acufia-Mesén 1992; Acufa et al.
1999). Despite the potential importance of microorganism diversity and its effects on
hatching success, microorganism diversity and abundance has not been explored on

natural sea turtle beaches.
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Olive ridley turtles nest in high densities, which is referred to as an “arribada”
(Spanish term for arrival). There are only a few nesting beaches in the world where
olive ridleys still nest in arribadas (Cornelius et al. 1991). The most important nesting
beaches are in Costa Rica (Playa Ostional and Playa Nancite), Mexico (La Escobilla),
India (Orissa) and Nicaragua (Playa Chacocente and Playa La Flor) (Spotila 2004).

The numbers of nesting olive ridleys seem to be increasing at Playa La Flor from
46,000 in 1999, 71,000 in 2004 to 167,000 in 2006 (data from chapter 3). Olive
ridleys deposited 340,000 clutches on Playa Nancite in 1981, 200,000 in 1982, 52,000
in 1983 and 185,000 in 1984 on the 1 km nesting beach (Cornelius et al. 1991).
Recently the number of nesting turtles has drastically declined to 13,000 clutches in
2005 and 17,000 in 2006 per nesting season (Chapter 1; Unpublished data Valverde
Pers Comm). One hypothesis for the olive ridley population decline at Playa Nancite
is low egg survival resulting in minimal population recruitment. The arribada nesting
behavior results in destruction of large number of clutches by subsequent nesting
turtles that inadvertently dig out previously laid clutches (Cornelius et al. 1985). It
has been hypothesized that due to the large numbers of nests destroyed during
arribadas, the organic content (broken eggs) in the sand would increase resulting in
high microbial build up in nests (Cornelius et al. 1985; Cornelius et al. 1991).
Microorganisms can debilitate healthy eggs through resource consumption and micro-
environmental changes that may result in decreased hatching success (Cornelius et al.
1985; Cornelius et al. 1991). Cornelius and Robinson (1985) speculated that egg
harvest may increase hatching success by reducing the number of decomposing eggs

in the beach. Since then, this speculation has been the basis of many management
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programs for olive ridley arribada nesting beaches in the world (Cornelius et al. 1991;
Campbell 1998; Hope 2002). To date, it has not been established whether microbial
diversity and abundance differ on different parts of the nesting beach and or in
different nest densities where the turtle clutches are incubated for an extensive
amount of time. Thus, in order to make accurate management decisions for these
important arribada nesting beaches, microbial studies may prove to be crucial.

Since less then 5% of microorganisms are cultivatable, in order to study
changes in microbial community structure and diversity, polymerase chain reaction
(PCR)-amplified rRNA gene based molecular techniques are necessary to avoid
limitation of culture-based studies (Head et al. 1998; Anderson and Cairney 2004;
Hackl et al. 2004). Terminal restriction fragment length polymorphism (TRF, or T-
RFLP) is a DNA-based analysis that allows rapid comparison of complex bacterial
communities. The method is based on differences in the positions of restriction sites
in specific DNA sequences from different microbes; detection and determination of
the lengths of digested fragments allow for an estimate of the number of different
microbial species found in a sample. This methodology has been used to study
changes in microbial structure, diversity and abundance in agricultural soil, grassland
forest soils and biological soil crusts (Hackl et al. 2004). The TRF methodology has
also been used to study the impact of recreation derived activities on changes in
microbial structure, diversity and abundance (Nogales et al. 2007). A possible
limitation of TRF analysis is that, each peak in a profile could represent a number of
TRF of the same size originating from different 16S rRNA genes leading to an

underestimate of microbial diversity in a sample. Regardless, TRF is still a useful
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method to assess the similarity of soil bacterial communities allowing spatial
heterogeneities and temporal changes to be detected in highly diverse bacterial
communities without the need to know the identity of every peak in every profile
(Lukow et al. 2000). In addition, this problem can be prevented by using the
appropriate number and types of restriction endonucleases, resulting in TRF profiles
that more accurately reflect the natural diversity of microbial population (Engebretson
and Moyer 2003; Osborne et al. 2006).

In this study, we used 16S rRNA gene-based TRF community analysis to
answer the following questions: 1) Are there differences in diversity and abundance
of the bacterial communities in the sand on different parts of two nesting beaches,
Playa La Flor and Playa Nancite? 2) Are there differences in diversity and abundance
of bacterial communities in sand in different nest densities on these two arribada

nesting beaches?

METHODS
Site description and sampling
We collected sand at the end of the olive ridley nesting season at Playa
Nancite, Costa Rica in January 2007 and Playa La Flor, Nicaragua in February 2007.
Playa La Flor is a 1.6 km long beach situated on the southern Pacific coast of
Nicaragua. Playa Nancite is 1.1 km long beach located on the northwest coast of
Costa Rica on the Pacific Ocean in Guanacaste Province. Both nesting beaches are 15

to 20 m wide, and unstable (their profile changes with storms).
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We collected sand from both nesting beaches at different nest densities and on
different beach zones above the tide right after hatching of the November arribada
(Table 3). Different zones on the beach were defined as follows. The width of the
beach was divided into three zones: high on the beach was the area closest to the
vegetation (0-5 m), middle was 5-10 m from vegetation and low on the beach was the
area closest to the high tide line, 10-15m from vegetation. Nest density was defined as
follows: High nest density (~ 2000 nests/100 m?), moderate nest density (~1000
nests/100 m?), low nest density (~500 nests/ 100 m”) from the latest arribada, and a
control where there were no nests present. We collected 3 samples randomly (~10m
apart) from each nest density in each zone of the beach at nest depth (30 —35 cm
depth) by digging down a nest cavity using sterile gloved hands. For each sample,
three 50 ml sub-samples of sand from each nest cavity were collected in sterile tubes
(Table 3). We transported sand samples to the laboratory and stored them at -20°C
within 24 hours of collection until analysis.

Microbial community DNA extraction

We extracted DNA from sand samples using a modified PowerMax ™ soil
DNA isolation kit (MoBio, Solana Beach, CA, USA) protocol. We took 2 g of sand
of each sub-sample from each nest cavity, mixed in a 50 ml sterile tube and extracted
DNA. To ensure high yields of genomic DNA, we added the power bead solution
from the kit to the sand samples followed by three freeze (-20°C) and thaw (60°C)
cycles. Then we used the PowerMax' ™ soil DNA isolation kit protocol for further
extraction. We modified the last step of DNA extraction to ensure clean DNA for

further analysis. Only 1.5 ml of the C6 elution buffer was used followed by
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centrifugation and collection of DNA in a sterile tube. We repeated this step three
times and each time collected DNA in a separate sterile tube. Using a
spectrophotometer (Spectronic, Genesys 2.0) we quantified the DNA in each tube and
only used DNA in tubes that had a 260/280 ratio <1.9 indicating relatively high
purity. We mixed the replicates from the same nest cavity and re-quantified the DNA.
PCR with 16S rRNA gene primers

The extracted DNA was used as template for PCR (three replicate reactions
for each sample) using the 16S rRNA primers: 8F primer labeled with 6-
carboxyfluorescein (6-FAM 5 AGAGTTTGATCCTGGCTCAG 3°) and 926R (5’
CCGTCAATTCCTTTRAGTTT3’) (Muyzer et al. 1995; Hackl et al. 2004). The PCR
mixture (50ul) contained 60 to 120 ng of extracted DNA, 1X reaction buffer, AINTP
(200uM), MgCl; (0.5 mM), primers (0.2 uM) and 0.5 units of Taq DNA polymerase
(Boehringer). The Taq polymerase used in this study had the highest resistance to
humic acid (Tebbe et al. 1993) among commercially available Taq polymerases.
Three independent PCRs were performed for each sample as follows: initial
denaturing step of 5 min at 95°C, 30 cycles of denaturing, annealing and extension
(30 s at 95°C, 1 min at 53°C and 2 min at 72°C respectively) followed by a final
extension of 10 min at 72°C. The three PCR products from the same sample were
pooled to reduce PCR bias and the products were purified with a MinElute PCR
purification kit (Qiagen, Inc., Chatsworth, Calif.) with final elution volume of 20 pl.
TRF profiles

Approximately 300 ng of fluorescently labeled PCR product was digested

with 10 units of Alul restriction enzyme (Invitrogen) (Hackel et al. 2004) and purified
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with the PowerMax kits as previously described as before. Aliquots of 5 ul were
mixed with 10 pl master mix containing 1 ml loading buffer (deionized formamide;
Fluka) and 50 pul DNA fragment length standard (ROX 500; PE Applied Biosystems
Inc., Foster City, Calif.). The fluorescently labeled TRFs were then detected using
ABI 3100 automated DNA sequencer (PE Applied Biosystems, Inc.).

Statistical analysis of TRF profiles

All TRF profiles were analyzed and normalized with GeneMapper version
4.0. We included TRFs of 50 to 500 bp in length and with peak heights of > 50
fluorescence units (Hackl et al. 2004). The TRF analysis produced two types of
output, an electropherogram and a table with numerical data. Number and height of
peaks in each electropherogram produced by the TRF analysis represented the
number and abundance of phylotypes (bacteria only defined by their 16S rRNA
sequence) (Dunbar et al. 2000). The analysis also quantified the size (bp) of each
peak, the height of each peak and the area under each peak. The size of each peak was
calculated to reference to the internal standard and the peak height was calculated by
relative amount of fluorescence detected in each sample.

We used SAS 9.1 and MATLAB 7.0 to carry out the following analysis. We
used Principal Component Analysis (PCA) to study the major variation patterns in
phylotypes in the TRF data both on Playa Nancite and Playa La Flor. Only fragments
that occurred twice or more in all samples were included in the analysis and peak
height was used as a parameter. We also computed PCA using only the 30 most
commonly occurring fragments. We used the scores of the first ten components from

the PCA in a multivariate analysis of variance (MANOVA) to compare means of the
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PCA scores from different zones on the beach and different nest densities on the two
nesting beaches.

To measure similarities between samples from different zones of the beach
and different nest densities the PCA scores (fragment heights were log transformed
and included all phylotypes) were subjected to cluster analysis using the Euclidean
distance measure. We constructed two dendograms using complete linkage clustering
(farthest neighbor clustering) and average clustering using the unweighted pair group
method with arithmetic mean (UPGMA). In addition, we converted peak heights from
TRF profiles of all samples to binary data (presence and absence of a peak). We
calculated Jaccard coefficient matrix for all samples and used this matrix in a cluster
analysis. We constructed two dendograms using farthest neighbor clustering and
UPGMA.

We calculated the Shannon-Weiner diversity index as follows: H = =) (p;)
(logapi), where p = proportion of an individual peak height relative to the sum of all
peak heights. We calculated Simpson’s diversity index using the following formula:
D= 1-[-Y(pi)*]. Evenness for Shannon-Weiner index was calculated as follows: E =
H/Hmax where Hiax = logs (S) and S = total number of distinct TRF sizes in a profile
(phylotype richness). Evenness for Simpson’s index was calculated as follows: E =
D/Dpax Where Dpax = 1-(1/S). Only fragments that occurred two or three times per
three replicate samples were considered in these analyses. We calculated both
diversity indices because Shannon-Weiner diversity index is most sensitive to
abundance of rare species and Simpson’s diversity index was more sensitive to

changes of more abundant species. Two—way ANOVA detected significant
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differences in diversity among different parts of the beach (zones) and different nest
densities at Playa La Flor and Playa Nancite. Both zones and nest density were
classification variables and Shannon-Weiner or Simpson’s diversity index were the
dependent variables. We used the Student-Newman-Keuls test (SNK) as a post-hoc
analysis.

Both species richness and abundance were calculated for all the samples
individually. Richness was defined as total number of different fragments per sample
and abundance was the sum of the total heights of different fragments per sample
(only fragments that occurred 2 or 3 times per three replicated samples were included
in the analysis). We carried out three MANOVA'’s for Playa La Flor to find out
whether there were differences in means of different samples, samples taken from
different zones on the beach and in different nest densities. Both abundance and
richness were treated as dependent variables and different samples, zones on the
beach or nest density were classification variables. We carried out two-way
MANOVA for Playa Nancite where both richness and abundance were the dependent
variables and zones on the beach and nest density were both classification variables.
We used two-way ANOVA’s together with SNK to discover where the differences
that were detected in MANOVA’s lay. Both zones on the beach and nest density were
the classification variables and richness or abundance were the dependent variables
for both Playa Nancite and Playa La Flor. To be able to run a two-way ANOVA using
the Playa La Flor data we only considered two different zones on the beach (high and

low).
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RESULTS

The PCA using all fragment heights present did not reveal any patterns.
However, the PCA of the 30 most commonly occurring fragments at Playa Nancite
showed different distribution patterns at different nest densities in different zones on
the beach (Fig 7). At Playa Nancite, TRF profiles from the control and moderate nest
density, high on the nesting beach (MH) were separated from the other TRF profiles
along the first principal component (Fig 7). The TRF profiles from moderate densities
in the middle part of the beach (MM) were separated from TRF profiles from high
nest density, middle on the beach (HM) and high nest density, low part of the beach
(HL) along the second principal component (Fig 7). At Playa La Flor the TRF profile
from low nest density, low on the beach (LL) had a different pattern both on the first
and second principal component axes compared to the other samples (Fig 8). The
MANOVA'’s on the scores of the first 10 components for both Playa Nancite and
Playa La Flor indicated that there were significant differences in means between TRF
profiles at different nest densities and zones of the beach (Table 4). Dendograms of
the cluster analysis using the PCA scores indicated that samples from the same nest
density within a zone on the beach clustered together (Fig 9a and b). The TRF
profiles from high nest density within the high zone of Playa Nancite (HH) were most
different from all other profiles. In addition, the TRF profiles from high nest density
within the high zone of Playa La Flor (LFHH) also differed from all other profiles.
The farthest neighbor analysis (Fig. 9b) indicated that TRF profile from high density
area in the low and middle zone of the beach (HL and HM) on Playa Nancite differed

from the remaining profiles.
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Dendograms of the cluster analysis using Jaccard coefficient matrix indicated
that samples from the same nest density within a zone on the beach clustered together
(Fig 10a and b). The TRF profiles from moderate nest density within middle and high
zone of Playa Nancite (MM and MH) were most different from all other profiles. The
farthest neighbor analysis (Fig. 10b) indicated that TRF profile from high nest density
within the high, middle and low zone of the beach (HH, HM and HL) on Playa
Nancite differed from the remaining profiles.

We calculated phylotype diversity for each sample by Shannon-Weiner and
Simpson’s index of diversity, both for Playa Nancite (Table 5) and Playa La Flor
(Table 6). Two-way ANOVA and post-hoc SNK tests showed that the fragment
diversity calculated using Shannon-Weiner diversity index was significantly different
between moderate (3.00) and high (3.63) nest density at Playa Nancite (Table 7).
There were no significant differences found when diversity was calculated using
Simpson’s diversity index at Playa Nancite (Table 7). There was no significant
difference detected between zones of the beach at Playa Nancite using both Shannon-
Weiner and Simpson’s diversity indexes. The interaction of zone of beach and nest
density had a significant effect on the Shannon-Weiner index at Playa Nancite (P =
0.0352) (Table 7). Similarly, Two-way ANOVA and SNK confirmed that the
phylotype diversity calculated using the Shannon-Weiner diversity index was
significantly different between samples from higher zone on the beach (4.05)
compared with samples taken from the low zone on the beach (2.72) at Playa La Flor
(Table 7). Diversity was not significantly different between the two nest densities

using Shannon-Weiner diversity index at Playa La Flor. Using Simpson’s diversity
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index, there were significant differences in samples from high (0.71) and low (0.88)
nest density and high (0.89) and low (0.69) zones on the beach at Playa La Flor
(Table 7). The interaction of beach zone and nest density was also significant at Playa
La Flor (Table 7).

At Playa Nancite two-way MANOVA confirmed that there were significant
differences in abundance and richness of the TRF fragments in different nest densities
(Table 8). Two-way ANOVA and SNK confirmed that there were significant
differences in TRF fragment richness in high (23 phylotypes) versus moderate (13
phylotypes) nest densities at Playa Nancite (Table 9; Fig 11). There were no
significant differences found in phylotype richness at different zones of the beach at
Playa Nancite (Table 9). There were no significant differences found in phylotype
abundance at Playa Nancite (Table 9; Fig 11). At Playa La Flor MANOVA confirmed
that there were significant differences in abundance and richness of the phylotype in
different samples and at different zones on the beach (Table 8). Two-way ANOVA
and SNK confirmed that there were significant differences in phylotype richness in
the high zone on the beach (28 fragments) versus the low zone on the beach (18
fragments) (Table 9; Fig 12). There were no significant differences found in
phylotype richness between different nest densities on the beach (Table 9). There
were no significant differences found in phylotype abundance at Playa La Flor (Table
9; Fig 12). The interaction of beach zone and nest density was significant at Playa La

Flor (Table 9).
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DISCUSSION

Understanding microbial community structure of soil is important in
conservation management and environmental monitoring. In the present study we
adapted a TRF methodology to rapidly assess microbial community structure,
diversity and abundance on sea turtle nesting beaches.

There were differences in TRF profiles from high nest density and moderate
nest density areas of Playa Nancite (Fig 7; 9 and 10). Phylotype richness and diversity
of bacteria changed at different nest densities at Playa Nancite and in different zones
of the beach at Playa La Flor. Phylotype abundance did not change in different zones
of the beach or in different densities at both Playa Nancite and Playa La Flor.

Phylotype diversity according to the Shannon-Weiner index and richness were
both higher in high nest density at Playa Nancite. The high diversity and richness may
have been the result of the presence of broken eggs that provided organic matter for
bacterial growth. In addition, the large number of nesting turtles may have introduced
more bacterial species to the sand at high nest densities. Cloacal bacterial species can
be introduced from nesting turtles into the nest via eggs (Wyneken et al. 1988).

Phylotype diversity according to Simpson’s index was different at different
nest densities at Playa La Flor (0.71 in high and 0.88 in low density). Simpson’s
diversity index is more sensitive to the more abundant species. This suggests that the
more abundant bacteria are less diverse at high nest density areas at Playa La Flor.

Phylotype diversity according to Shannon-Weiner index and richness was
significantly higher in the high zone on the beach compared to the low zone of the

beach at Playa La Flor. The zone closest to the high tide gets washed out completely
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during high tides. The zone closer to vegetation has less chance of being washed and
the accumulation of broken eggs in this area over time may contribute to more
bacterial diversity and richness. Bacterial diversity and richness in different zones
became important in very high nest densities especially at Playa La Flor (11
arribadas, 167,000 clutches total).

Cornelius and Robinson (1985) suggested that higher nest densities would
produce higher abundance of microorganisms on the nesting beach due to the higher
number of incubating and broken eggs. A large number of olive ridley nests are
destroyed during arribadas and the broken eggs in the sand are good media for
bacterial growth. Microbial load will increase and this may cause decreased hatching
success and hatchling production (Cornelius et al. 1991). However, in our study
bacterial abundance was not statistically different in different zones of the beach and
in different nest densities at Playa Nancite and Playa La Flor suggesting that bacterial
abundance may not be an important factor causing reduced hatching success.

High bacterial richness of cultures from un-hatched, non-viable eggs is
associated with reduced hatching success (Wyneken et al. 1988). Hatching success
was also lower in high nest densities versus low nest densities in experimental plots
on Playa Nancite (Chapter 2). In our study bacterial diversity and richness was higher
in the high density area at Playa Nancite suggesting that bacterial diversity and
richness may be important in affecting hatching success of olive ridley eggs on this
nesting beach. More studies are needed to identify different bacterial species on the

nesting beach.
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At Playa La Flor, we measured hatching success, O,, CO, and temperature
levels in high and low nest densities from the same sampling site at the same time as
we took sand samples for TRF analysis (see chapter 2). Hatching success was lower
(10%) in the high nest density part of the beach compared to the low density part of
the beach (16%). Lower hatching success correlated with lower O, level (18.4%) and
higher CO; levels (4.2%) in sand. Lower hatching success was also correlated with
higher temperatures (35.3°C). We did not observe any differences in abundance of
bacteria at Playa La Flor in different nest densities which suggest that bacteria
abundance does not effect O,, CO,, temperature and hatching success on the nesting
beach. It is unlikely that differences in richness and diversity of bacteria would affect
the levels of O, and CO, in the sand on olive ridley nesting beaches.

It is crucial to identify the bacterial species on the nesting beach in order to
determine if pathogenic species are present that could cause reduced hatching
success. It is possible that decomposition of organic material by fungi could
contribute to lower O, and higher CO; in the sand on olive ridley nesting beaches. A
number of studies have looked at the presence of fungi on turtle and alligators eggs
(Schumacher et al. 1990; Mo et al. 1990; Acufia-Mesén 1992; Phillott et al. 2001).
Fusarium oxysporum, F. solani and Pseudallescheria boydii are common soil fungi
(Rippon 1982; Burgess 1981). Fusarium solani occurs in failed olive ridley eggs
(Acuna-Mesén 1992) and F. oxysporum occurs on egg membranes of American
alligators (Schumacher et al. 1990). These three fungal species also occurred in green
and loggerhead sea turtle nests (Phillott et al. 2001). Another fungus, Monosporium

apiospermum, also occurs in olive ridley nests in Costa Rica (Acufia-Mesén 1992).
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Fungal community structure, diversity, richness and abundance at these two nesting
beaches remain to be studied.

In the present study we have looked at the impacts of high number of turtles
nesting on the beach on changes in microbial community structure, diversity and
abundance. The TRF methodology was a rapid way to assess the diversity, richness
and abundance of bacteria on turtle nesting beach. Despite differences in richness and
diversity, the role of bacteria in hatching success is still not clear. Cloning studies
together with TRF studies will be useful to identify the different bacteria species
present on the beach and potential pathogens to turtle eggs. Studies of fungal diversity

and abundance and their effects on olive ridley eggs are needed.



Table 3. Sampling sites, beach zones and nest densities.

The numbers represent the number of samples/subsamples .
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Beach Nest density
Site zone High moderate Low Control

Playa Nancite High 3/3 3/3 N/A N/A
Middle 3/3 3/3 N/A 3/3

Low 3/3 3/3 NA N/A
Playa La Flor High 3/3 N/A 3/3 N/A

Middle 3/3 N/A N/A N/A

Low 3/3 N/A 3/3 N/A
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Figure 7. Score plot from PCA of TRF profiles from Playa Nancite. High nest density, High on the
beach (square=HH); High nest density, Middle on the beach ( triangle=HM); High nest density, Low
on the beach (cross=HL); Moderate nest density, High on the beach ( X=MH); Moderate nest density,
Middle on the beach ( circle=MM); Moderate nest density, Low on the beach ( star=ML) and Control
(diamond =CC).
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Figure 8. Score plot from PCA of TRF profiles from Playa La Flor. High nest density, High on the
beach (square=LFHH); High nest density, Middle on the beach (triangle=LFHM) ; High nest density,
Low on the beach (cross=LFHL); Low nest density, High on the beach (X=LFLH); Low nest density,
Low on the beach (star=LFLL).
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Figure 9. Dendogram of TRF profile from all sand samples using data generated from PCA including all
phylotypes. The dendograms were generated using euclidean distance values, using A) UPGMA and B)
farthest neighbor methods. Playa nancite: High nest density, High on the beach (HH); High nest density,
Middle on the beach (HM) ; High nest density, Low on the beach (HL); Moderate nest density, High on the
beach (MH) and Moderate nest density, Middle on the beach (MM). Playa La Flor: High nest density, High
on the beach (LFHH); High nest density, Low on the beach (LFHL); Low nest density,Low on the beach
(LFLL).



72

o] A

LLIEA0AY

262725313233 1 2 3 7 8 9101211 4 6 5 13 14 15 19 20 22 23 16 17 18 21 24 34 35 36 28 30 29
LFLL ML CcC HL HM HH LFHH LFHL MM MH

I i

26 27 252223 1314 1519 2016 17 18 313233 1 2 3 101211 7 8 9 4 6 5 21 24 34 35 36 28 30 29
LFLL LFHH LFHL ML cC HM HL HH MM MH

Similarity coefficient

Similarity coefficient

Figure 10. Dendogram of TRF profile from all sand samples generated using Jaccard distance values,

using A) UPGMA and B) farthest neighbor methods. Playa nancite: High nest density, High on the beach (HH);
High nest density, Middle on the beach (HM) ; High nest density, Low on the beach (HL); Moderate nest density,
High on the beach (MH); Moderate nest density, Middle on the beach (MM);Moderate nest density, Low on the
beach (ML) and Control (CC). Playa La Flor: High nest density, High on the beach (LFHH); High nest density,
Low on the beach (LFHL); Low nest density, Low on the beach (LFLL).
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Figure 11. Phylotype abundance and richness at Playa Nancite. High nest density, High
zone of the beach (HH); High nest density, Middle zone of the beach (HM) ; High nest
density, Low zone of the beach (HL); Moderate nest density, High zone of the beach (MH);
Moderate nest density, Middle zone of the beach (MM); Moderate nest density, Low zone
of the beach (ML) and Control (CC). Error bars represent Standard error.
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Figure 12. Phylotype abundance and richness at Playa La Flor. High nest density,
High zone of the beach (HH); High nest density, Middle zone of the beach (HM) ;
High nest density, Low zone of the beach (HL); Low nest density, High zone of the
beach (LH); Low nest density, Low zone of the beach (LL). Error bars represent
Standard error.
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CHAPTER 5: General Conclusion, implications for conservation and
management

I have demonstrated that there is a density-dependent effect on hatching
success in olive ridley sea turtles. High nest density lowered hatching success. High
nest density also caused a decrease in O,, an increase in CO, and an increase in
temperature. The higher nest densities in the past probably had an even greater effect
on gas concentrations and may have contributed to the low hatching success reported
in the past. Bacterial abundance did not differ in different nest densities or zones of
the nesting beach but bacterial diversity and richness were both higher in high nest
densities at Playa Nancite and higher in high zones of the nesting beach at Playa La
Flor, suggesting that bacterial diversity and richness may be important in affecting
hatching success of olive ridley turtles on arribada beaches.

Since high nest density has a negative effect on hatching success, the obvious
question is: Should we thin out the density on the nesting beaches for better hatching
success? If so, from which parts of the beach and how many clutches should we
remove? What should we do with these eggs? Should eggs be harvested and used by
local people as is done at Playa Ostional, Costa Rica? Should we build hatcheries and
protect the eggs and add more hatchlings to the population? Or, should we leave
nature to deal with it? These questions all remain to be answered for each specific
beach and for each olive ridley population under consideration. It would be premature
and overly simple to conclude that because there are density-dependent effects on
hatching success we should harvest eggs or relocate nests to hatcheries. Before

implementing harvest management programs the effects of wildlife harvest on a
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population should be examined. As evident from this thesis, even harvesting eggs that
are predicted to have a lower chance of survival had a negative impact on nest
hatching success and hatchling production. To accurately estimate the impact of egg
harvest on olive ridley populations further studies are necessary. The effects of egg
harvest on both hatching success and hatchling production need to be studied in
different zones of the beach and at different nest densities at varying times during the
nesting seasons.

Further, building hatcheries large enough to accommodate the number of olive
ridley clutches that would need to be relocated is very hard, time consuming and
expensive. Additionally, we could be altering the gene pool and/or relaxing the
selection pressure against nesting in areas that lessen their chance of survival.

Clearly more research is needed before we can be confident that egg harvest
would not have unforeseen effects on the olive ridley population. Until the above
mentioned issues have been investigated the minimal benefits of egg harvest are

greatly out weighed by the harm that it could cause.
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	Historically, the olive ridley (Lepidochelys olivacea) arribada at Playa Nancite, Costa Rica, was one of the largest arribadas in the eastern Pacific with 70,000 nesting females in a year. Recently that arribada drastically declined. We hypothesized that the decline at Playa Nancite could be due to low hatching success as a result of the high density of nests on the beach, such that recruitment to the population was insufficient to balance losses. To test this hypothesis, we examined density-dependent effects on hatching success and their underlying mechanisms by experimentally manipulating nest densities on the nesting beach. Experimental nest densities affected hatching success with highest density having lowest hatching success. Higher nest density led to lower O2 levels and higher CO2 levels in the nest, with greater changes in the latter part of the incubation. Highest temperatures occurred in high nest density areas. Bacterial diversity and richness were higher in the high zone of the beach on Playa Nancite. Bacterial diversity and richness were also studied at another arribada beach, Playa La Flor in Nicaragua. Bacterial diversity and richness were higher in the high zone of the beach on Playa La Flor. Bacterial abundance was not different in different zones of the beach or in different nest densities at both Playa Nancite and Playa La Flor. Bacterial diversity and richness may be important in affecting hatching success of olive ridley eggs. Long term failure in production of hatchlings due to historically high densities probably contributed to the decline of arribadas on Playa Nancite. The effects of egg harvest on olive ridley sea turtle nesting beaches have been debated for decades. In order to more effectively manage the beach at Playa La Flor, Nicaragua, and potentially other nesting beaches, we developed an experimental protocol to measure the impact of egg harvest on this beach. Management strategies have traditionally involved the removal of eggs that are predicted to have less chance of survival, despite a lack of experimental data supporting this approach. Our findings indicate that even controlled egg harvest has a negative effect on nest hatching success and total hatchling production. 


