
Herpetologists' League

Variation in Clutch Size and Egg Size in the Green Turtle Nesting Population at Tortuguero,
Costa Rica
Author(s): Karen A. Bjorndal and Archie Carr
Source: Herpetologica, Vol. 45, No. 2 (Jun., 1989), pp. 181-189
Published by: Herpetologists' League
Stable URL: http://www.jstor.org/stable/3892160
Accessed: 18/08/2009 15:51

Your use of the JSTOR archive indicates your acceptance of JSTOR's Terms and Conditions of Use, available at
http://www.jstor.org/page/info/about/policies/terms.jsp. JSTOR's Terms and Conditions of Use provides, in part, that unless
you have obtained prior permission, you may not download an entire issue of a journal or multiple copies of articles, and you
may use content in the JSTOR archive only for your personal, non-commercial use.

Please contact the publisher regarding any further use of this work. Publisher contact information may be obtained at
http://www.jstor.org/action/showPublisher?publisherCode=herpetologists.

Each copy of any part of a JSTOR transmission must contain the same copyright notice that appears on the screen or printed
page of such transmission.

JSTOR is a not-for-profit organization founded in 1995 to build trusted digital archives for scholarship. We work with the
scholarly community to preserve their work and the materials they rely upon, and to build a common research platform that
promotes the discovery and use of these resources. For more information about JSTOR, please contact support@jstor.org.

Herpetologists' League is collaborating with JSTOR to digitize, preserve and extend access to Herpetologica.

http://www.jstor.org

http://www.jstor.org/stable/3892160?origin=JSTOR-pdf
http://www.jstor.org/page/info/about/policies/terms.jsp
http://www.jstor.org/action/showPublisher?publisherCode=herpetologists


June 1989] HERPETOLOGICA 181 

communication in a neotropical treefrog, Hyla 
ebraccata: Aggressive calls. Behaviour 91:128-145. 

WELLS, K. D., AND T. L. TAIGEN. 1986. The effect 
of social interactions on calling energetics in the 

gray treefrog (Hyla versicolor). Behav. Ecol. So- 
ciobiol. 19:9-18. 

Accepted: 23 August 1988 
Associate Editor: William Cooper, Jr. 

Herpetologica, 45(2), 1989, 181-189 
?) 1989 by The Herpetologists' League, Inc. 

VARIATION IN CLUTCH SIZE AND EGG SIZE IN THE 
GREEN TURTLE NESTING POPULATION AT 

TORTUGUERO, COSTA RICA 

KAREN A. BJORNDAL AND ARCHIE CARR 

Center for Sea Turtle Research, Department of Zoology, University of Florida, 
Gainesville, FL 32611, USA 

ABSTRACT: Data on clutch size for green turtles, Chelonia mydas, nesting at Tortuguero, Costa 
Rica, for a period spanning over 30 yr, and data on egg size from one nesting season are analyzed 
to determine sources of variation in clutch parameters. Mean clutch size is 112.2 (SD = 24.2, n = 
2544) with a range from 3-219 eggs. Female body size is significantly correlated with clutch size 
but accounts for only a small proportion of the variation in clutch size. At the population level, 
clutch size increases significantly throughout a nesting season, but at the individual level, the increase 
in clutch size is not significant. Annual variation in mean clutch size was significant only between 
the years with the highest and lowest mean values. Clutch size increases significantly with age of 
the female; increase in body size with age is not significant. Number of days between clutches 
within a nesting season, number of years between nesting seasons, and egg size are not significantly 
related to clutch size. Egg size, which is significantly correlated with female body size, is less variable 
than clutch size. Apparently clutch size is not under strong environmental control. 

Key words: Chelonia mydas; Clutch size; Egg size; Green turtle; Reproduction; Reptilia 

REPRODUCTIVE output in the green tur- 
tle, Chelonia mydas, is a function of clutch 
size, number of clutches per nesting sea- 
son, interval between nesting seasons, and 
length of reproductive life (survivorship 
and senescence). The first three parame- 
ters vary widely within and among indi- 
vidual green turtles nesting at Tortuguero, 
Costa Rica, the largest green turtle colony 
in the Atlantic (Carr et al., 1978). Almost 
certainly the fourth parameter has similar 
variation. Data collected from 1956-1987 
for green turtles nesting at Tortuguero are 
used to assess possible sources of variation 
in one of these parameters-clutch size. 
The number of eggs deposited by a female 
green turtle when she ventures onto the 

beach varies considerably. Identifying the 
sources of this variation is important for 
determining what factors control repro- 
ductive output in green turtles and for un- 
derstanding their life history patterns. 

The potential sources of variation in 
clutch size investigated in this paper are 
female body size, female relative age, egg 
size, number of years between nesting sea- 
sons, and number of days between suc- 
cessive nests. Annual variation and season- 
al variation in clutch size are analyzed at 
both individual and population levels. 

In addition to clutch size, we also ex- 
amined variation in egg size. The rela- 
tionship between female body size and egg 
size is determined, and seasonal variation 
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in egg size, at both the individual and the 
population level, is analyzed. Variability 
of egg size and clutch size is compared. 

METHODS 

At Tortuguero, female green turtles are 
tagged, after they have completed nesting, 
by tagging teams that patrol the northern- 
most 8 km of the 35 km beach at hourly 
intervals every night from early July to 
mid-September. The tags bear identifica- 
tion numbers and identify recruits (turtles 
that arrive without tags or tag scars), rene- 
sters (turtles that return to nest again with- 
in the same season), and remigrants (turtles 
that return in later breeding seasons). The 
tagging program was initiated in 1955 and 
continues to the present. In early years, 
carapace length, carapace width, and plas- 
tron length were recorded for every turtle. 
In recent years, carapace length, carapace 
width, and body mass have been recorded 
for a sample of turtles from throughout 
the season. Carapace length and width are 
both straight-line measurements of maxi- 
mum distance. Plastron length is straight- 
line distance at the mid-line. Clutch size 
(number of eggs) has been recorded spo- 
radically over the more than 30 yr of work 
on the beach. Clutch size data represent 
random counts throughout the season in- 
cluding, at times, successive nests of in- 
dividuals. 

Data on clutch size were gathered in 
1977 by counting all clutches laid by tur- 
tles of known size and mass throughout the 
season. Also, mean egg size was recorded 
for 97 clutches by measuring minimum 
egg diameter for 30 eggs taken at random 
from throughout the clutch on the morn- 
ing after the eggs were deposited. Egg 
measurements were taken with calipers to 
the nearest 0.1 mm. 

Clutches were excluded from the data 
set if the female depositing the clutch ap- 
peared to have stopped egg deposition pre- 
maturely or if she returned to nest again 
within six days. Six days is used as the 
minimum internesting interval between 
two normal clutches (Carr et al., 1978). 
Clutches laid within six days of each other 
are usually split clutches. After these 

clutches have been deleted, many small 
clutches remain in the data set (Fig. 1). To 
avoid including abnormal clutches-inter- 
rupted or split clutches-clutches with 35 
or fewer eggs were not included in the 
analyses (see next section). 

Parametric statistics were only used for 
those data sets that met the assumptions of 
equal variances and normal distributions. 
For both nonparametric statistics (Ryan et 
al., 1985; Siegel, 1956) and parametric sta- 
tistics (SAS, 1982; Sokal and Rohlf, 1969), 
a = 0.05. 

RESULTS AND DISCUSSION 

Clutch Size 
Of 2544 clutches counted at Tortu- 

guero, the mean and standard deviation 
(SD) were 112.2 ? 24.2 with a range of 
3-219 eggs (Fig. 1). The smooth distri- 
bution of clutch sizes (Fig. 1) makes it dif- 
ficult to place limits on "normal" clutch 
sizes. Although a three-egg clutch has little 
reproductive value and is probably not a 
normal clutch, a 210-egg clutch is also ab- 
normal. Eggs in the latter clutch probably 
have a lower chance of survival because 
top eggs in large clutches are usually bro- 
ken and the clutch destroyed from bac- 
terial attack (see below). However, many 
of the very small clutches doubtless rep- 
resent split clutches for which the other 
half was not recorded by our patrol teams. 
Because clutch sizes of 36-40 eggs are the 
smallest clutch sizes repeatedly recorded 
for individual females, we designated 36 
as the smallest "normal" clutch size for this 
study. When clutches with 35 or fewer 
eggs are deleted from the data set, the 
values change to 2519 clutches with a mean 
and SD of 113.1 ? 22.6 and a range of 
36-219. 

Relationship of Clutch Size 
to Body Size 

Mean clutch size of a female within a 
nesting season was correlated with three 
linear body size parameters (cm): carapace 
length (x ? SD = 100.2 ? 5.0, n = 2107), 
carapace width (x ? SD = 76.6 ? 4.1, n 
= 2108), and plastron length (x ? SD = 
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79.8 ? 4.1, n = 1982) (Table 1). All cor- 
relations were significant (P < 0.0001) but 
accounted for only a small proportion of 
the variation in clutch size, from 8-9.5%. 
Body mass values (x ? SD = 128.1 ? 16.7 
kg) are available for a small subset (n = 
74) of these turtles. Correlations were re- 
peated for the linear measures of this sub- 
set to allow comparisons among the linear 
and mass parameters (Table 1). All body 
size parameters yielded significant corre- 
lations (P < 0.0001), and all accounted for 
a similar amount of variation, from 29- 
32.5%. Thus, all measures of body size re- 
lated equally well to clutch size. 

There is a great difference in the amount 
of variation accounted for by body size 
between the two data sets. This difference 
illustrates the importance of comparing the 
amount of variation accounted for by var- 
ious factors using the same data set. If the 
contribution of body mass had been com- 
pared with that of carapace length and 
width using the small data set for mass and 
the larger ones for length and width, it 
would have been concluded that body mass 
accounted for a much greater percentage 
of the variation than linear measurements 
(32.5 vs. 8-9.5%). By comparing all mea- 
sures within one data set, it is clear that 
they all account for a similar amount of 
variation. 

A significant, positive relationship be- 
tween clutch size and body size has been 
reported for marine turtles (Ehrhart, 1982; 
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FIG. 1. -Distribution of clutch size (number of eggs) 
for the Tortuguero green turtle colony. 

Hirth, 1980) and many species of fresh- 
water turtles (Congdon and Gibbons, 1985; 
Gibbons et al., 1982; Moll, 1979). Variation 
in carapace length accounted for 30% (n 
= 77) of the variation in clutch size in 
loggerheads, Caretta caretta, nesting on 
Little Cumberland Island, Georgia (Frazer 
and Richardson, 1986). Carapace length 
also accounted for 30% (n = 135) of the 

TABLE 1.-Relationship of female body size to clutch size and egg size, Spearman rank correlations and 
regression equations. Correlations are repeated for carapace length and carapace width against clutch size 

on the smaller (n = 74) data set to allow comparison between body mass and the linear measures. 

Spearman rank 

Parameter n r P Regression equation 

Clutch size 
Carapace length 2107 0.294 0.0001 Y = -16.5 + 1.29X 
Carapace width 2108 0.309 0.0001 Y = -10.1 + 1.61X 
Plastron length 1892 0.285 0.0001 Y = -4.89 + 1.47X 
Body mass 74 0.574 0.0001 Y = 2.16 + 0.87X 
Carapace length 74 0.569 0.0001 Y = -147 + 2.63X 
Carapace width 74 0.552 0.0001 Y = -124 + 3.10X 

Egg size 
Carapace length 74 0.336 0.001 Y = 33.1 + O.lllX 
Body mass 52 0.159 0.259 
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TABLE 2.-Mean (x), standard deviation (SD), and sample size (n) of clutch size for nests laid during six 
2-wk intervals, all years combined. Means with the same superscripts (a or b) are not significantly different 

(ANOVA, LSD test, P < 0.05). 

Interval: 1 2 3 4 5 6 
Initial date: 24 June 8 July 22 July 5 Aug 19 Aug 2 Sept 

X 1 l I. .0a 1 10.7a 1 13.5ab 1 14.7ab 1 13.6ab 1 16.7 b 

SD 21.9 23.0 21.9 22.1 22.5 26.4 
n 143 597 747 578 337 103 

variation in clutch size in loggerheads nest- 
ing on Merritt Island, Florida (Ehrhart, 
1980). These values are similar to those 
reported here for the smaller sample of 
green turtles (Table 1). However, carapace 
length accounted for 16% (n = 17) of the 
variation in clutch size of green turtles and 
50% (n = 97) of the variation in clutch size 
for loggerheads nesting on Melbourne 
Beach, Florida (Ehrhart and Withering- 
ton, 1987). 

Ehrhart (1980) found that body mass 
accounted for 56% (n = 99) of the variation 
in clutch size in Merritt Island logger- 
heads, a much greater percentage than we 
found for green turtles. Differences in the 
amount of variation that can be accounted 
for by female body size from population 
to population, and from sample to sample 
within a population, indicate that, while 
it is clear that there is a significant positive 
relationship between female body size and 
clutch size, it is difficult to be confident in 
our estimates of the amount of variation 
in clutch size that can be accounted for by 
female body size. 

Seasonal Variation in Clutch Size 
As Frazer and Richardson (1985a) not- 

ed, trends in clutch size throughout a nest- 
ing season have been assessed at both the 
population and the individual level. At the 
population level, trends are determined for 
all clutches laid during succeeding inter- 
vals of a nesting season. The nesting season 
at Tortuguero was divided into six 2-wk 
intervals from 24 June-15 September, be- 
cause a 2-wk interval both approximates 
the internesting interval and allows com- 
parison with loggerhead data (Frazer and 
Richardson, 1985a). Data from all years 
were combined, because clutch size does 
not vary significantly from year to year 

(see next section). Clutches laid in the first 
two intervals were significantly smaller 
than those laid in the last interval (ANO- 
VA, P < 0.01, F = 2.84, n = 2505; LSD 
test, P < 0.05; Table 2). Body size of fe- 
males laying eggs in each of the intervals 
does not account for the increasing trend, 
because the carapace lengths of turtles for 
which clutch counts were recorded were 
not significantly different among the six 
intervals (ANOVA). However, the number 
of clutches counted for remigrants is lower 
in the first season interval and higher in 
the last season interval relative to the num- 
ber of clutches counted for recruits (Chi- 
square two-sample test, x2 = 20.25, n = 
2505, df = 5). Because remigrants have 
larger clutch sizes than do recruits (see 
below), the increase in clutch size across 
season could be a result of the differential 
distribution of recruits and remigrants. 

This pattern of significantly smaller 
clutches in the first two periods and sig- 
nificantly larger clutches in the last period 
contrasts with that reported for logger- 
heads nesting on Little Cumberland Is- 
land, Georgia, and for green turtles and 
loggerheads nesting in Florida. In Georgia, 
clutches laid in the last two 15-day periods 
were significantly smaller than those laid 
in the four earlier periods (Frazer and 
Richardson, 1985a). On Melbourne Beach, 
Florida, there was a significant, negative 
correlation between clutch size and the date 
on which the clutch was deposited-that 
is, smaller clutches were laid as the season 
progressed-for loggerheads and no sig- 
nificant relationship for green turtles 
(Ehrhart and Witherington, 1987). How- 
ever, Ehrhart (1980) found no significant 
seasonal trend in clutch size for logger- 
heads nesting on Merritt Island, Florida. 
Gibbons et al. (1982) reported that clutch 
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sizes of three species of freshwater turtles 
decrease as the nesting season progresses. 
None of these authors discussed relative 
distributions of recruits and remigrants 
throughout the season. 

There was no significant seasonal trend 
in clutch size on the individual level. At 
Tortuguero, three clutches within a given 
season have been counted for 55 turtles. 
The means and standard deviations of the 
three clutches (113.8 + 27.9, 119.5 ? 24.4, 
and 123.3 ? 28.4, respectively) are not 
significantly different (Kruskal-Wallis test, 
H = 3.032). In contrast, for green turtles 
nesting at Ascension Island, the second 
clutch was significantly smaller when pairs 
of clutches were compared (Mortimer and 
Carr, 1987). Frazer and Richardson (1985a) 
found a significant trend of decreasing 
clutch size for loggerheads that laid three 
clutches at Little Cumberland Island. 
However, loggerheads at Little Cumber- 
land Island that laid four or five clutches 
showed no significant trend, whereas tur- 
tles that laid six clutches had a significantly 
smaller last clutch (Frazer and Richardson, 
1985a). Gibbons et al. (1982) reported a 
decreasing trend in clutch size in individ- 
ual freshwater turtles. 

Annual Variation in Clutch Size 
Annual variation in clutch size can also 

be studied at both the population and the 
individual level. Annual variation for the 
Tortuguero population was determined by 
comparing clutch sizes for the 13 yr in 
which 30 or more clutches had been count- 
ed during season intervals 3-5 (Table 3). 
Comparisons were limited to within inter- 
vals 3-5 to avoid any seasonal bias; in some 
years, most of the clutches counted were 
in the early intervals, which have signifi- 
cantly smaller clutches (see previous sec- 
tion). Only the year with the smallest mean 
clutch size (1976) was significantly differ- 
ent from the 3 yr (1958, 1960, 1975) with 
the largest mean clutch size (ANOVA, P 
< 0.0001, F = 4.47, n = 1633; LSD test, P 
< 0.05). However, the carapace lengths of 
turtles for which clutch counts were re- 
corded in 1976 were significantly shorter 
than in all other years (ANOVA, P < 
0.0001, F = 4.65, n = 1265; LSD test, P 

TABLE 3.-Mean (x), standard deviation (SD), and 
sample size (n) for size of clutches laid during season 
intervals 3-5 in different years. Means with different 
superscripts are significantly different (LSD test, P < 

0.05). 

Year x SD n 

1956 116.8ab 21.2 81 
1957 114.lab 22.5 71 
1958 119.6a 19.9 120 
1959 106.7ab 20.7 158 
1960 119.2a 27.1 50 
1961 110.2ab 22.1 299 
1962 1 15.6ab 21.8 280 
1963 1 12.8ab 22.6 92 
1964 116. lab 20.7 227 
1975 119.3a 23.8 43 
1976 103.9b 26.5 30 
1977 113.7ab 23.6 126 
1984 1 15.5ab 26.7 48 

< 0.05); there was no significant difference 
in carapace lengths among the other years. 
Because clutch size is related to body size, 
the smaller clutch size in 1976 may have 
resulted from the smaller size of the turtles 
for which clutches were recorded. 

Frazer and Richardson (1985b) also 
found the only significant annual variation 
in clutch size in loggerheads at Little Cum- 
berland Island to be that between the 2 yr 
with the largest and smallest clutch sizes. 
No annual variation in clutch size was 
found in five species of freshwater turtles 
(Gibbons et al., 1982). 

Lack of annual variation in clutch size 
indicates that clutch size is probably not 
affected by environmental conditions such 
as temperature, salinity, and forage avail- 
ability. For demographic models or man- 
agement plans, mean clutch size for a pop- 
ulation of green turtles can be assumed to 
be constant over time, unless mean female 
body size changes significantly. 

Change in Clutch Size with Age 
Assessing annual variation in clutch size 

at the individual level is the same as asking 
whether clutch size changes with age. At 
Tortuguero, at least one clutch has been 
counted in two different nesting seasons 
for 100 green turtles. These pairs do not 
necessarily represent comparisons be- 
tween the first breeding season and a later 
breeding season or between successive 
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breeding seasons (that is, the female may 
have nested in one or more breeding sea- 
sons between the two breeding seasons 
being compared). Because there is no sig- 
nificant seasonal effect on clutch size of 
individuals over a nesting season (see 
above), single clutches can be compared 
between years; if more than one clutch was 
counted for an individual in 1 yr, the mean 
value was used for the comparison. Clutch 
size increased significantly for individual 
green turtles between successive breeding 
years (paired t-test, P < 0.02, t = 2.427). 
This increase in clutch size with age cannot 
be attributed to increased female body size 
with age. Carapace length of the 100 green 
turtles did not increase significantly (paired 
t-test, t = 1.959). 

Reproductive output increases with age 
in Tortuguero green turtles (Bjorndal, 
1980). However, this increase results more 
from an increase in the number of clutches 
laid in a nesting season than from an in- 
crease in clutch size. Frazer (1984) re- 
ported that reproductive output increased 
with age in loggerheads nesting on Little 
Cumberland Island, but he did not reveal 
the relative contributions of clutch fre- 
quency and clutch size to the increase. No 
relationship between clutch size and age 
was found in several species of freshwater 
turtles (Gibbons, 1982; Gibbons et al., 
1982). 

Other Factors that May Affect 
Clutch Size 

The relationship of clutch size to the 
length of the remigration interval (the 
number of years between nesting seasons) 
and to the internesting interval (the num- 
ber of days between successive clutches in 
one nesting season) has not been investi- 
gated in sea turtles. The most common 
remigration intervals for Tortuguero green 
turtles are 2 and 3 yr (Carr et al., 1978). 
There was no significant difference be- 
tween the size of clutches laid by turtles 
following a 2-yr remigration interval (120.4 
? 18.0, n = 31) and the size of those laid 
by turtles following a 3-yr remigration in- 
terval (116.7 ? 21.7, n = 43) (Mann-Whit- 
ney test, W = 1839.0). Thus, a longer prep- 

aration time prior to a nesting season does 
not increase clutch size. 

At Tortuguero, internesting intervals 
range from 8-19 days (Carr et al., 1978). 
The internesting interval before a clutch 
was laid (pre-nest interval) was known for 
290 clutches and the internesting interval 
following a clutch (post-nest interval) was 
known for 374 clutches. No significant re- 
lationship was found between clutch size 
and either pre-nest or post-nest intervals 
(Spearman rank correlation, r = 0.012 and 
-0.096, respectively). 

The relationship of minimum egg di- 
ameter (= egg size) to clutch size is not 
significant (Spearman rank correlation, r 
= 0.185, n = 95). Congdon and Gibbons 
(1985) also found no significant relation- 
ship between egg size and clutch size in 
six species of freshwater turtles, although 
earlier reports (Allard, 1935; Legler, 1960; 
Moll and Legler, 1971; Risley, 1933) had 
suggested that clutch size and egg size were 
inversely related in freshwater turtles. 

Of the clutches counted in 1977, 29 
clutches have corresponding data on fe- 
male carapace length and body mass, pre- 
nest interval, season interval, and egg size. 
Forward stepwise regression (SAS, Step- 
wise Regression, Stepwise procedure) was 
performed on this data set. The factors 
were added to the model in the following 
order: carapace length and pre-nest inter- 
val. The final two-factor model accounted 
for 41 % of the variation in clutch size. 
Although pre-nest interval was not signif- 
icantly correlated with clutch size in the 
larger data set discussed above, it increased 
the r2 value from 0.283 to 0.413 when 
added to carapace length. 

Optimal Clutch Size 
The determinants of clutch size in sea 

turtles are many and complex, and our 
understanding of the factors involved has 
not improved since Carr (1967) enumer- 
ated the factors that would act to either 
increase or decrease clutch size over evo- 
lutionary time. Maximum clutch size may 
be limited by the capacity of the body 
cavity of the female or by the volume of 
the nest cavity, which in turn is deter- 
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mined by the size of the female's rear flip- 
pers. Large clutches that overfill the nest 
cavity suffer high mortality because the 
top eggs are broken during nest-covering 
(Bjorndal, personal observations), which 
results in further-often complete-loss of 
the clutch due to microbial invasion (Hill, 
1971) or discovery by predators. At Tor- 
tuguero, the upper limit is approximately 
180 eggs (Bjorndal, personal observations). 

Minimum clutch size may well be set 
by the number of hatchlings required for 
successful escape from the nest (Carr and 
Hirth, 1961). Carr and Hirth (1961) esti- 
mated that this minimum number was 
eight hatchlings. Between the minimum 
(eight eggs) and maximum (approximately 
180 eggs), there is a wide range in which 
other selective factors operate. 

Although production of a greater num- 
ber of small clutches would increase the 
probability of at least one clutch surviving 
the many sources of mortality (e.g., pre- 
dation, inundation, destruction by other 
nesting females), each nesting emergence 
is costly to the female, both in energy 
(Bjorndal, 1982) and risk of predation 
(Stancyk, 1982). If egg production is en- 
ergy-limited, the energy saved from nest- 
ing excursions could be channeled into an 
overall increase in the number of eggs pro- 
duced by a female that produces larger 
and fewer clutches. One might predict a 
trade-off between the number of clutches 
that a female lays in a season and clutch 
size. Data are not available for the Tor- 
tuguero population to test this prediction. 

If there is an optimal clutch size for a 
sea turtle population or species, we are far 
from determining the relative importance 
of the many factors that have exerted se- 
lective pressure in forging this optimal 
size. However, given the variation in clutch 
size of Tortuguero green turtles, selective 
pressure for precise adherence to one op- 
timal size seems to have been weak. 

Egg Size 
Mean minimum egg diameter (= egg 

size) of 97 clutches at Tortuguero in 1977 
was 44.4 mm (SD = 1.7, range = 39.1- 
48.4 mm). Green turtle eggs are nearly 

spherical; mean minimum egg diameter 
was only 1.5 mm less than mean maximum 
diameter for eggs from 30 nests. Thus, egg 
diameter would be closely correlated with 
egg volume and mass. Minimum egg di- 
ameter was chosen as the measure of egg 
size, because the difference between max- 
imum and minimum diameter was often 
a result of surface granulations that in- 
creased the diameter. 

Egg size is significantly and positively 
correlated with carapace length of the 
female (Table 1), but only 13% of the vari- 
ation in egg size is accounted for by vari- 
ation in carapace length. There is a non- 
significant relationship between egg size 
and the body mass of the female (Table 
1). As indicated above, the correlation of 
egg size and clutch size is not significant 
(Spearman rank correlation, r = 0.185, n 
= 95). 

Fewer data are available for egg size 
than for clutch size in sea turtles. Bustard 
(1972) reported that egg size did not change 
with size of the female in the population 
of green turtles nesting at Heron Island, 
Australia, but he presented no data to sup- 
port his statement. For loggerheads nest- 
ing on Merritt Island, Florida, there is a 
weak but positive relationship (r = 0.29, 
significance not indicated) between egg size 
and female body size (Ehrhart, 1982). Sig- 
nificant positive correlations between egg 
size and female body size have been found 
in several freshwater turtle and tortoise 
species (see review in Congdon and Gib- 
bons, 1985). 

Egg size did not exhibit significant sea- 
sonal variation in 1977 at either the pop- 
ulation (Kruskal-Wallis test, H = 7.22, n 
= 96, df = 3) or the individual (paired sign 
rank test, n = 20 pairs) level. Ehrhart (1980) 
found no significant seasonal trend in egg 
size (minimum egg diameter or mass) for 
loggerheads nesting on Merritt Island, 
Florida. Because minimum egg diameter 
was measured only in 1977 at Tortuguero, 
we cannot examine annual variation in egg 
size. 

Egg size is less variable than clutch size 
in Tortuguero green turtles. Coefficients 
of variation for egg size and clutch size for 
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the 74 clutches for which both parameters 
were known were 3.7 and 18.7, respec- 
tively. 

Optimal Egg Size 
Theories on optimal size of propagules 

assert that, for any population, there is an 
optimal size at which selective pressure to 
increase the size of the propagule is bal- 
anced by selective pressure to increase the 
number of propagules. Variation in prop- 
agule size should therefore be low, and any 
variation in reproductive output should be 
in the number, rather than the size, of 
propagules (Brockelman, 1975; Smith and 
Fretwell, 1974). Our intention here is not 
to debate the validity of the theory but to 
determine whether our data conform to 
the theory's predictions. In discussing op- 
timality theories, Congdon and Gibbons 
(1985, 1987) concluded that many species 
of turtles and tortoises appear to be ex- 
ceptions to these theories because of the 
significant variation in egg size within a 
population, because egg size increases sig- 
nificantly with female body size and be- 
cause a trade-off between egg size and 
clutch size does not exist. The same con- 
clusions can be made for green turtles nest- 
ing at Tortuguero. 

However, green turtles fit some predic- 
tions of the optimal egg size model. As 
expected from optimality theory, clutch 
size varies more than egg size in Tortu- 
guero green turtles. Also, the amount of 
variation in egg size accounted for by fe- 
male carapace length (13%) is only half of 
that for clutch size (26%) when compared 
with data from 74 clutches. [As discussed 
above, comparisons of the amount of vari- 
ation accounted for by various factors must 
be made using the same data set. There- 
fore, the appropriate value to use in this 
comparison for the variation in clutch size 
accounted for by body size is that of the 
74 clutches for which we also have data 
on egg size. It would be inappropriate to 
use either of the values presented in Table 
1.] 

In addition, clutch size varies much more 
among populations of green turtles than 
does egg size (Hirth, 1980). Hirth (1980) 
concluded from his comparisons of green 

turtle populations that "there is selection 
for a green turtle egg with a diameter of 
about 45 mm." Our data from Tortuguero 
support this conclusion. 

CONCLUSIONS 

Clutch size in green turtles is apparently 
not influenced by environmental factors. 
Improved nutrition increases reproductive 
output in green turtles by increasing the 
number of clutches produced in a nesting 
season and by shortening the interval be- 
tween nesting seasons, but clutch size is 
not affected (Bjorndal, 1985; Wood and 
Wood, 1980). Mean clutch size does not 
vary among years, indicating that envi- 
ronmental factors, which would vary 
among years, do not affect clutch size. 

Female body size does have a significant 
effect on clutch size, but the amount of 
variation in clutch size accounted for by 
female body size is relatively small. Egg 
size, the number of days between nests 
within a nesting season, and the number 
of years between nesting seasons do not 
significantly affect clutch size. 

Egg size varies less than clutch size in 
green turtles. Female body size has a sig- 
nificant effect on egg size, but it accounts 
for only 13% of the variation in egg size. 

The majority of the variation in both 
clutch size and egg size measured in Tor- 
tuguero green turtles cannot be accounted 
for by the factors examined. The primary 
control of clutch size may be female ge- 
notype. 
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