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Abstract:

 

The green turtle (

 

Chelonia mydas

 

) population that nests at Tortuguero, Costa Rica, is the largest in
the Atlantic by at least an order of magnitude. Surveys to monitor the nesting activity on the northern 18 km
of the 36-km beach were initiated in 1971 and extended to the entire beach in 1986. From the survey data,
we estimated the total number of nesting emergences on the northern 18 km for each year from 1971
through 1996. Evaluation of the trend in nesting emergences indicated a relatively consistent increase from
1971 to the mid-1980s, constant or perhaps decreasing nesting during the late 1980s, and then resumption of
an upward trend in the 1990s. Evaluation of trends in sea turtle nesting populations requires many years of
data because of the large degree of annual variation in nesting numbers. The trends reported in this study
must be evaluated with caution for several reasons. First, if the mean number of nests deposited by each fe-
male each year (clutch frequency) varies significantly among years, changes in the number of nesting emer-
gences among years could reflect changes in the number of nesting females, clutch frequency, or both. Second,
we only assessed the trend in one segment of the population (mature females), which may or may not repre-
sent the trend of the entire green turtle population and which, because of late maturity, may not reflect
changes in juvenile mortality for many years. Third, survey frequency, and thus confidence in annual esti-
mates, varied among years. The upward population trend must be assessed from the perspective of the cata-
strophic decline that the Caribbean green turtle populations have experienced since the arrival of Europeans.
If careful management is continued in Costa Rica and adopted throughout the region, the collapse of the Car-
ibbean green turtle populations—which seemed imminent in the 1950s—can be avoided.

 

Veintiséis Años de Nidación de la Tortuga Verde en Tortuguero, Costa Rica: Una Tendencia Alentador

 

Resumen:

 

La población de tortuga verde (

 

Chelonia mydas

 

) que anida en Tortuguero, Costa Rica, es la más
grande del Atlántico en por lo menos un orden de magnitud. Muestreos para monitorear la actividad de
nidada en 18 km al norte de un total de 36 km de la playa fueron iniciados en 1971 y extendidos para toda
la playa en 1986. De los datos de muestreos estimamos que el número total de salidas para anidar indican
un incremento relativamente consistente de 1971 hasta mediados de los 1980s y la reaparición de una ten-
dencia de incremento en los 1990s. Evaluaciones de tendencias en poblaciones de tortugas anidando re-
quieren de muchos años de datos debido al alto grado de variación anual en los números de nidaciones. Las
tendencias reportadas en este estudio deben ser evaluadas con precaución por diversas razones. Primero, si
el promedio de nidos depositados por cada hembra cada año ( frecuencia de nidada) varía significativa-
mente entre años, cambios en el número de salidas para anidar entre años pueden reflejar cambios en el
número de hembras anidando, en la frecuencia de nidada o ambos. Segundo, únicamente evaluamos las ten-
dencias en un segmento de la población y la cual, puede o no, representar las tendencias de toda la población
de tortuga verde, la cual a su vez, podría no reflejar cambios en la mortalidad de juveniles por muchos años
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debido a una madurez tardía. Tercero, los muestreos de frecuencias y por lo tanto la confianza en las estima-
ciones anuales varían entre años. La tendencia creciente de la población deberá ser evaluada desde la pers-
pectiva de una disminución catastrófica que las tortugas verdes del Caribe han experimentado desde el arribo
de los Europeos. Si el manejo cuidadoso continúa en Costa Rica y es adoptado en toda la región, el colapso de

 

las poblaciones de tortuga verde del Caribe—que parecía inminente en los 1950s—puede ser evitado.

 

Introduction

 

The population of green turtles (

 

Chelonia mydas

 

) that
nests at Tortuguero, Costa Rica, is the largest in the At-
lantic by at least an order of magnitude (Lahanas et al.
1998). Turtles from this population disperse throughout
the Greater Caribbean, as indicated by recaptures of
adult females tagged at Tortuguero (Carr et al. 1978) and
by evaluation of genetic markers in juvenile green turtle
populations (Lahanas et al. 1998). The status of green
turtle populations on foraging pastures in many nations
throughout the Greater Caribbean depends on the status
of the Tortuguero nesting population.

In 1954 Archie Carr wrote about the “passing of the
fleet” and reported his fears for the future of the Carib-
bean green turtle (Carr 1954). In those years nearly ev-
ery female green turtle that came ashore to nest on Tor-
tuguero Beach was intercepted by 

 

veladores

 

 (“stayers
awake”) and shipped to market. The conservation out-
look for the Caribbean green turtle appeared so bleak
that from 1959 to 1968 Carr conducted “Operation
Green Turtle” in which, with the help of the U.S. Navy,
he distributed green turtle hatchlings from Tortuguero
to other, diminished green turtle rookeries throughout
the Caribbean in the hope of forestalling the collapse of
the Caribbean green turtle populations (Eliazar et al., in
press).

The Tortuguero green turtle population survived this
period of intense exploitation, probably in large part be-
cause the large number of age classes in the subadult por-
tion of the population continued to supply recruits to
the breeding population, even after years of complete
harvest on the nesting beach (Bjorndal 1985). Although
it buffers the population against extinction during peri-
ods of heavy harvest, the long interval to sexual maturity
also slows the rate of recovery. Thus, positive responses
to management actions on the nesting beach—in the
form of increased numbers of nesting females—may
take many years to appear.

This lag time in response to changes in management,
either increasing or decreasing population productivity,
is characteristic of long-lived species (Congdon et al.
1993, 1994; Heppell et al. 1996

 

a

 

). The difficulty of
assessing the effects of management actions is com-
pounded in species that are difficult to census, such as
wide-ranging marine organisms. These obstacles to as-

sessing population change are among the major chal-
lenges in the conservation of long-lived marine species
(Norse 1993; Dayton et al. 1995).

In 1971 Archie Carr initiated surveys of the numbers
of nesting emergences at Tortuguero. We estimated the
total number of nesting emergences at Tortuguero Beach
each year from 1971 through 1996 in the northern 18
km of beach and assessed trends in annual nesting emer-
gences over those 26 years. Also, to evaluate survey
methods, we examined the relationship between survey
frequency and the precision of the total emergence esti-
mate.

 

Methods

 

Surveys 

 

Green turtles emerge from the ocean at night to nest,
and evidence of their emergences persists in the form of
tracks and body pits—craters about 0.5 m deep that the
turtles create during the nesting process. These emer-
gences do not always result in a nest; for a variety of rea-
sons, green turtles will return to the ocean without de-
positing a clutch. Surveys were conducted on foot, early
in the morning, by an individual experienced in distin-
guishing between nesting emergences and non-nesting
emergences. Almost all surveys were conducted by four
members of the Rankin family, long-time residents of
Tortuguero village. During each survey, the number of
nesting emergences from the previous night were re-
corded for each 0.2-km interval. Attempts were made to
survey the beach weekly during the nesting season, but
logistical problems sometimes interfered (Table 1). In
our analyses of nesting emergences on the northern 18
km, we used data from 18-km surveys and the northern
half of the 36-km surveys. Beginning in 1986, 36-km sur-
veys were sufficiently frequent to allow comparison of
nesting estimates for the southern 18 km with those of
the northern 18 km. In 1994 and 1995 the beach south
of km 30 became inaccessible when the river behind the
beach washed over the beach. Because this southern-
most area supports very low levels of nesting (the three
surveys in 1994 and 1995 that did include the area south
of km 30 reported no nesting emergences, and less than
1% of all nesting emergences occurred in that area in
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1996), surveys of the 30 km were used as 36-km surveys
for 1994 and 1995.

 

Estimating Annual Nesting Emergences and 
Assessing the Trend

 

Scatterplot smoothing (Härdle 1990; Hastie & Tibshirani
1990; Simonoff 1996) was used to estimate each year’s
pattern of nesting emergences. Annual survey data were
regarded as a sample time series drawn from a stochastic
process of nightly emergence activity. The relationship
between the nightly number of nesting emergences and
Julian date was then approximated by fitting a cubic
smoothing spline (“smooth”) to each time series using
the generalized additive model function, 

 

gam( )

 

, of
S-plus software (Mathsoft, Inc., Seattle, Washington).
Predicted nightly nesting emergences derived from the
smooth were integrated over the nesting season to esti-
mate total nesting emergences in the northern section
(1971–1996) and southern section (1986–1996).

Each time series of survey counts was incomplete. Not
only were many nights skipped between surveys, but
nesting activity occurred outside the range of survey
dates at the beginning and end of each nesting season. Ac-
cordingly, prior to the spline fitting, artificial endpoints

were added to each time series and given a value of zero
emergences. The selected endpoints were 30 May and 15
November; these dates bracketed the months of substan-
tial nesting (Carr et al. 1978) and all survey dates during
1971–1996, except for three survey dates in late Novem-
ber and early December 1994 on which a negligible num-
ber of emergences were observed. To account for uncer-
tainty about the start and finish dates, endpoints were
downweighted relative to observed emergence counts
during the spline fitting. Arbitrary weights of 1.0 were as-
signed to each observed survey count, and weights of
0.10 were given to endpoints. A uniform weighting
scheme was also tried. After smooths were generated,
emergence counts for nights between survey dates were
estimated by interpolating between knots of the fitted
spline.

The spline integration covered predicted nesting ac-
tivity both inside and outside the observed range of sur-
vey dates. Negative predicted counts were trimmed
from tails of the smooths and remaining predicted
counts were summed to estimate total annual nesting
emergences.

The 

 

gam()

 

 procedure estimated the standard error of
the predicted count for observed survey dates and end-
points only. A separate S-plus routine was written to inter-

 

Table 1. Number of nesting surveys and dates on which they were conducted at Tortuguero, Costa Rica.

 

Survey

 

a

 

Survey date

 

b

 

Year 18-km 36-km June July August September October November

 

1971 8 0 — — 23,28* 3,9,18,25 2,9 —
1972 18 0 29 9,15,22,30 5,14,19,27 2*,10,16,24 7,15,22,29 5
1973 14 0 30 4,7,22,29 19* 16,23,30 7,14,21,28 4
1974 10 0 — 11,13 3,11,18,25 6*,28 12,31 —
1975 12 0 28 5,12,21,27 4,11,18,25 1,8* 11 —
1976 14 0 — 5,11,17 7*,15,22,31 8,12,19 1,7,16,25 —
1977 13 5 22 3,9,16,23,30 7,13,20,27 3*,10,17,24 2,8,29 5
1978 12 4 — 1,8,15,22,29 8,19,29* 2,11,20,30 6,15,22,29 —
1979 8 7 25,30 7,14,21,28 4,12,18,25 2,9*,16,24 7 —
1980 7 4 — 3,10,18,24 1,7,15*,21,28 6,11 — —
1981 6 5 — 1,16,23,28 6*,13,20,27 3,10,17 — —
1982 10 0 — 14,20,28* 6,13,18,25 1,9,15 — —
1983 9 3 — 1,7,25 2*,8,15,19,27 2,12,19 2 —
1984 6 7 — 9,16,23,30 6,14*,20 1,7,13,25,29 16 —
1985 5 5 — 13,20,27 3,10,18,24*,31 7,14 — —
1986 0 12 — 23,30 7,14,22*,29 6,11,17,25 2,10 —
1987 0 12 — 3,11,17,25 2,8,14,23,28 4*,11,20 — —
1988 0 19 24 2,8,16,23,30 5,13,19,27* 3,10,17,24,30 9,15,25 6
1989 0 11 — 7,15,21,30 5,12,20,27 2,10,15* — —
1990 0 12 — 9,17,21,28 5,11,21,27* 1,8,22,29 — —
1991 1 16 — 10,16,24,31 7,14,21,29* 7,12,30 10,17,25,30 7,14
1992 0 15 — 8,13,20,29 5,11,18,25 3,13*,21,26 1,19,24 —
1993 0 18 — 2,9,16,23 4,11,16,21,27* 3,10,17,24 1,8,15,22,29 —
1994

 

c

 

0 19 — 4,10,20,24 1,7,19,24,31* 14,25 2,9,15,20,27 23,30
1995 0 10 24,28 7,12,20,28 4,15,24*,28 — — —
1996 0 11 8,22 2 7,13,20 4* 5,12,17,26 —

 

a

 

The 18-km surveys were conducted on the northern half of the 36-km beach.

 

b

 

Dates with an asterisk (

 

*

 

) are surveys with the highest count for the year.

 

c

 

Last survey on 4 December.
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polate the standard errors for dates not surveyed. Daily
variances were integrated to yield a measure of precision
for the annual estimate of total nesting emergences.

The cubic spline procedure was also used to smooth
the 26-year time series of annual nesting emergence esti-
mates in the northern section. In this application of

 

gam( )

 

 no interpolation was required (there were no
data missing). The annual estimates of total nesting
emergences were weighted uniformly, and pointwise er-
ror bands of 

 

6

 

2 SE were generated for the smooth.

 

Monte Carlo Analysis of Survey Frequency

 

The effect of survey frequency on estimates of total nest-
ing emergences was assessed by applying smoothing
splines to samples of output from a simulation model of
nesting activity and survey coverage. The simulation
model was constructed to mimic four stochastic pro-
cesses that determine a nester’s emergence history: ar-
rival date (nights after first emergence); clutch fre-
quency (number of nesting episodes); duration of a
nesting episode; and internesting interval. Each process
was characterized by a probability distribution (Fig. 1)
estimated from information in Carr et al. (1978) and
used to generate a typical time series of nesting counts.

A Monte Carlo sampling algorithm was applied to the
four process distributions to generate a season’s com-
posite nesting history for 10,000 nesters. Independence
between nesters and between processes was assumed
because there are no data to support a more elaborate
model with some pattern of dependency among the pro-
cesses. Also, the assumption of independence is not crit-
ical to judging the applicability of the 

 

gam( )

 

 smoothing
procedure. Artificial survey data were produced from
each simulated time series of nesting emergences by
sampling the series at intervals of 1 to 65 nights and ap-
plying a random survey coverage rate (termed “effi-
ciency” by Carr et al. [1978]). Due to the length of the
nesting season, 65 nights was the maximum survey in-
terval because the 

 

gam( )

 

 smoothing requires a mini-
mum of four data points (including endpoints). True
endpoints of nesting activity were always included in
the set of survey observations. The 

 

gam( )

 

 procedure
was used to fit a cubic smoothing spline to each set of
artificial survey data (with uniform weighting), and the
smooth was interpolated and integrated to estimate the
season’s total nesting emergences. The foregoing steps
were repeated 100 times, yielding 100 replicate esti-
mates of total nesting emergences for each survey fre-
quency. The effect of survey frequency was judged by
comparing bias and coefficients of variation of total nest-
ing emergence estimates. Bias is the percent difference
between the mean estimate of total emergences for the
given survey interval and the true number of emer-
gences derived from complete coverage.

 

Results

 

Annual Nesting Emergences and Trends

 

The smooths appeared to capture the expected nesting
emergence pattern (Fig. 2a); most were unimodal with a
slight rightward skew, as described for the population
(Carr et al. 1978). The standard errors of predicted nest-
ing emergence counts varied with the magnitude of
daily variation in counts, but even more so with the fre-
quency of observations. Consequently, standard errors
of the predicted counts tended to be smallest in the mid-
dle of the nesting season and higher toward the end-
points. Moreover, because the endpoints were artificial,
standard errors of predicted counts were underesti-
mated outside the range of survey dates under a uniform
weighting scheme.

The shapes of the smooths and estimates of total nesting
emergences were virtually unaffected by the weighting
scheme used. Standard error estimates, however, were
greatly increased by downweighting the endpoints.
Downweighting was particularly influential in a few years
during which surveys began or ended midway through
the nesting season (e.g., 1971 and 1995; Table 1; Fig. 2b &
2c) or emergence variability was high (e.g., 1985; Fig. 2d).
Because of uncertainties associated with endpoint selec-
tion, weighting, and interpolation of smooths outside the
range of survey dates, it is doubtful that the integrated vari-
ances reflect the true statistical variation in the spline esti-
mation procedure. Still, they are useful measures of the rel-
ative precision of annual nesting emergence estimates.

The estimates of total nesting emergences for the north-
ern section displayed a high degree of interannual varia-
tion (Fig. 3). This variation resulted largely from natural

Figure 1. Probability distributions for green turtles 
nesting at Tortuguero Beach for four processes used in 
the Monte Carlo sampling algorithm: arrival date 
(nights after first emergence) (a), clutch frequency (b), 
duration of a nesting episode (c), and internesting 
interval (d).
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causes (variation in recruitment and remigration pro-
cesses), but survey sampling error and estimation error
also contributed to the variation. To parse out sources of
variation, one would have to analyze data from saturation
surveys conducted over many years in succession.

Despite the high interannual variation in nesting emer-
gence estimates, a visual inspection of these estimates
suggests an increase in the average nesting activity in
the northern section from the beginning of the time se-
ries through the mid-1980s, followed by a brief leveling
off or slight decline and then a resumption of the in-
crease in recent years. Spline smooths of the complete
26-year time series confirmed this pattern. Results varied
slightly depending on the choice of statistical weights.
When uniform weights were used, the estimated
smooth was essentially flat during the late 1980s (Fig. 3).

Nesting emergences in the northern section appeared

to be a reliable basis for evaluating trends in nesting emer-
gences for the entire nesting beach. There was a strong
correlation between the number of nesting emergences
observed nightly on the northern 18-km section and nest-
ing emergences on the total 36-km beach (Pearson’s cor-
relation, 

 

r

 

 

 

5

 

 0.983, 

 

n

 

 

 

5

 

 195, 

 

p

 

 

 

,

 

 0.001). The northern
section consistently accounted for over half of total nest-
ing emergences during 1986–1996. The ratio of total nest-
ing emergences to nesting emergences in the northern
section was between 1.6 and 1.7 in 9 of the 11 years and
has been relatively constant since 1991 (Fig. 4).

 

Survey Frequency

 

Simulated nesting emergence patterns (Fig. 5 is an exam-
ple) resembled those seen in nature (Fig. 2a), at least in
general characteristics. The analysis of sampled output
from the simulation model showed that the procedure
of fitting spline smooths to survey counts and then inte-

Figure 2. Four examples of individ-
ual year curves of nesting emer-
gences of green turtles in the north-
ern 18 km of Tortuguero Beach. In 
each graph, the solid line is the fitted 
smooth (cubic smoothing spline pro-
cedure) of the predicted number of 
nesting emergences; dashed lines are 
error bands (62 SE); squares are 
observed counts; triangles are desig-
nated endpoints: 1988, a year with 
good distribution of surveys (a); 
1971, a year in which surveys began 
mid-season (b); 1995, a year in 
which surveys ended mid-season (c); 
and 1985, a year in which nesting 
emergence variability was high (d).

Figure 3. Estimated annual nesting emergences of 
green turtles in the northern 18 km of Tortuguero 
Beach. Solid line is the fitted smooth (cubic smoothing 
spline procedure), dashed lines are error bands (62 
SE), and squares are annual estimates. Annual esti-
mates of total nesting emergences were weighted uni-
formly for gam( ) fitting.

Figure 4. Ratio of nesting emergences on the entire 36 
km of Tortuguero Beach (A 1 B) to the nesting emer-
gences on the northern 18 km of beach (A).
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grating the smooths produces estimates of total nesting
emergences with low bias for survey intervals of up to 5
weeks (Fig. 6). Coefficients of variation of the estimates,
as expected, are inversely related to survey frequency.
The results indicate that a survey interval of 3 weeks
may yield results nearly as precise as a 2-week interval.
But given other considerations (e.g., other survey objec-
tives, unanticipated problems with the survey, and un-
certainties in the simulation model), it would seem pru-
dent to conduct surveys at least once every 2 weeks,
preferably weekly. The weekly survey frequency used
during 1971–1996 would yield a 5% coefficient of varia-
tion for the estimate of total annual nesting emergences
(under the assumptions of the simulation model). These
results assume that surveys commence with the earliest
nesting arrival and continue until emergences are negli-
gible. Under these conditions, endpoints are known and
much more reliable estimates are possible than if the
endpoints are estimated.

 

Discussion

 

Population Trend

 

Analysis of population trends in sea turtles requires
many years of data (National Research Council 1990),
largely because trends are obscured by the great varia-
tion in the annual number of nesting females that is
characteristic of many sea turtle populations (Limpus
1995). This variation (Fig. 3) has intrigued sea turtle biol-
ogists for many years (Carr et al. 1978), but a possible
explanation has been developed only for green turtles in
Australia. A significant correlation exists between indi-
ces of the El Niño Southern Oscillation and the numbers
of green turtles nesting approximately two years later at
Heron Island and Raine Island (Limpus & Nicholls 1988,

1994). The mechanism is not known, but is believed to
have a nutritional basis (Bjorndal 1997). Analyses are un-
derway to evaluate the relationships between the esti-
mates of annual nesting emergences presented here for
the Tortuguero green turtle population and various envi-
ronmental parameters that may reflect the regulating
mechanism (K.A.B. and A.B.B., unpublished data).

Green turtles at Tortuguero usually deposit more than
one egg clutch per year. If the mean number of egg
clutches deposited each year—clutch frequency—were
known, the number of nesting emergences could be
converted to the number of nesting females. An estimate
of 2.8 clutches per year has been presented (Carr et al.
1978), but is not reliable because of tag loss (Bjorndal et
al. 1996) and incomplete beach coverage. Mean clutch
frequency could be as high as 6 clutches per year.

Three caveats should be considered in the evaluation
of the upward trend reported here for the Tortuguero
green turtle population. First, number of nests is used to
reflect population numbers, but clutch frequency may
vary among years. If it does, in years with high clutch
frequencies population levels would be overestimated
relative to years with low clutch frequencies. Data on
annual variation in clutch frequencies are not available
for the Tortuguero green turtle population. Clutch fre-
quency is difficult to monitor (Miller 1997), but there is
no evidence of great interannual fluctuations—certainly
not in the range required to significantly affect the trend
analysis reported here.

Second, and more important, these trends represent
only one portion of the population: adult females. As
David Ehrenfeld so eloquently expressed it, “Looking at
green turtle [nesting] population data is like looking at
the light from a star 25 light years away. It appears to be
shining now, but, in fact, you are looking at history, and
there is no way of telling whether, during the past 25
light years, that star has increased in brightness or per-

Figure 5. Sample output from the simulation model of 
nesting emergences of green turtles at Tortuguero 
Beach.

Figure 6. Effect of survey interval on the bias and co-
efficient of variation for the estimate of total nesting 
emergences from the simulated time series of green 
turtles at Tortuguero Beach. The relationship between 
number of surveys and survey interval is also plotted.
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haps has gone out altogether” (Bacon et al. 1984: page
148). Caribbean green turtles take at least several de-
cades to reach sexual maturity (Bjorndal & Zug 1995).
By monitoring only the number of nesting females or the
number of nests deposited, drastic changes in the sur-
vival of early life stages—and thus in the trend for the
population as a whole—would not be apparent on the
nesting beach for many years. For example, number of
nests does not necessarily reflect number of hatchlings
produced. Hatchling emergence success can be low and
varies among years. At Tortuguero, hatchling emergence
success has been measured during only 4 years. In 1977
hatchling emergence success was 35% (Fowler 1979),
and in 1986, 1988, and 1989 it was 57%, 46%, and 67%,
respectively (Horikoshi 1992). One cause of concern
was Horikoshi’s finding that a substantial source of mor-
tality was drowning of eggs by ground water. Horikoshi
hypothesized that changes in land-use patterns and wa-
tersheds in the upper reaches of the Tortuguero River
have raised the water level of the river and the ground-
water table under Tortuguero Beach. Because hatching
success is not monitored at Tortuguero, we do not know
how many hatchlings emerge from the thousands of
nests deposited each year.

Third, 1995 was the year with the greatest number of
nesting emergences (Fig. 3) but it was also the year with
the poorest coverage in the latter half of the nesting sea-
son (Table 1; Fig. 2c). Therefore, the estimate for 1995
should be viewed with caution.

The upward trend of the Tortuguero green turtle popu-
lation must be placed in the proper perspective to avoid
the pitfalls of the “shifting baseline syndrome” (Pauly
1995; Sheppard 1995; Jackson 1997)—the use of inappro-
priate baselines to assess population change or stability.
Referring to fisheries management, Pauly (1995) described
the syndrome as the tendency of scientists to use popula-
tion levels at the beginning of their careers as the baseline
against which to measure population change. Historical
data for nest density at Tortuguero are lacking, but Carib-
bean green turtle populations have declined substantially
since the arrival of Europeans, perhaps by 99% (Bowen
& Avise 1995; Jackson 1997). Therefore, although the
upward trend for the Tortuguero population is encourag-
ing, the population is probably far below its natural level.

 

Alternative Trend Analysis

 

Can the nesting survey data be analyzed by a simpler
method to evaluate population trends? To address this
question, we used values from the highest survey each
year and the mean of the three highest surveys each year
in the same cubic spline procedure used to smooth the
26-year time series of annual nesting emergence esti-
mates. Although both the highest survey and the mean
of the three highest surveys yielded an overall increasing
trend over the 26-year period, similar to the trend based

on annual nesting emergences, the three smooth lines
differed substantially during various phases. These dif-
ferences resulted primarily from those years in which
there was considerable variation in the number of nest-
ing emergences on a nightly basis (e.g., in 1985; Fig. 2d).
We do not know why the degree of night-to-night varia-
tion in the number of nesting emergences varies among
years. But in years with high variation among nights, the
highest survey and the mean of the three highest sur-
veys overestimate—sometimes substantially—the rela-
tive index of nesting emergences.

The use of the highest survey or the mean of the three
highest surveys would not decrease significantly the re-
quired field work because the peak of nesting shifts
among years. From 1971 through 1996, the survey night
with the highest count ranged from 28 July in 1982 to 15
September in 1989 (Table 1). Therefore, to capture the
peak nesting and obtain good estimates of the highest
nesting counts, the beach must be surveyed for the major-
ity of the nesting season. These alternative indices would
be worth considering only if the survey schedule is con-
stant among years. This is a serious constraint. The “inte-
grated smooth” approach that we present performs well
even with interannual variation in the survey schedule.

The major disadvantage of this simpler approach, in
comparison with the integrated smooth approach, is
that it does not yield an estimate of total number of
nests. This value is of immediate significance in evaluat-
ing hatchling production, estimating numbers of adult
females if mean clutch frequency and mean remigration
interval are known, and developing a model of popula-
tion dynamics.

Therefore, the “simpler” method requires nearly equal
survey effort and a more rigid survey schedule, yields
less reliable relative nesting indices, and does not gener-
ate estimates of number of nests. We see little value in
pursuing these alternative analyses.

 

Conservation Outlook

 

The upward trend of the population gives encourage-
ment that the stewardship of the Tortuguero green tur-
tle nesting population by the people of Costa Rica has
been successful. The management program has included
limitations on harvest of eggs and adult turtles begun in
the late 1950s and early 1960s and continued with the
establishment of Tortuguero National Park in 1976 with
its protection of the nesting population and habitat. The
continued legal harvest of breeding green turtles in wa-
ters off Tortuguero must be carefully controlled, how-
ever, and the effect of the harvest on population trends
must be monitored to ensure that the recovery of the
population is not impeded.

The Caribbean green turtle populations continue under
threat from a series of sources (National Research Council
1990; Eckert 1995; Lutcavage et al. 1997): other, smaller
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rookeries are in decline; directed take of sea turtles is high
in many areas of the Caribbean, exacerbated by increasing
coastal human populations throughout the region; inci-
dental capture in fisheries is a substantial source of mortal-
ity; nesting beaches are being developed for human use,
often in ways incompatible with turtle nesting; and forag-
ing habitats are being degraded by destructive fishing prac-
tices, anchor scars, pollutants, and inappropriate construc-
tion practices that result in siltation. Recent studies have
underscored the difficulty of sustainably harvesting spe-
cies, such as green turtles, with slow growth rates, late
sexual maturity, and complex migratory life histories
(Congdon et al. 1993, 1994; Crouse & Frazer 1995; Cha-
loupka & Limpus 1996; Heppell & Crowder 1996; Heppell
et al. 1996

 

a

 

, 1996

 

b

 

). These difficulties are illustrated by
the Tortuguero hawksbill (

 

Eretmochelys imbricata

 

) pop-
ulation, which has declined significantly from 1956 to
1991 despite being afforded the same regulatory protec-
tion on the nesting beach as the Tortuguero green turtle
population (Bjorndal et al. 1993), and its decline has not
reversed in recent years. The trend in the Tortuguero
green turtle nesting emergences, however, offers a glim-
mer of hope that, with continued careful management of
this regional resource, the Caribbean green turtle fleet will
not, as Archie Carr feared, pass from existence.
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