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GREEN TURTLE SOMATIC GROWTH MODEL.:
EVIDENCE FORDENSITY DEPENDENCE
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Abstract. The green turtle, Chelonia mydas, is a circumglobal species and a primary
herbivore in marine ecosystems. Overexploitation as a food resource for human populations
has resulted in drastic declines or extinction of green turtle populations in the Greater
Caribbean. Attempts to manage the remaining populations on a sustainable basis are ham-
pered by insufficient knowledge of demographic parameters. In particular, compensatory
responses resulting from density-dependent effects have not been evaluated for any sea
turtle population and thus have not been explicitly included in any population models.

Growth rates of immature green turtles were measured during an 18-yr study in Union
Creek, a wildlife reserve in the southern Bahamas. We have evaluated the growth data for
both straight carapace length (SCL) and body mass with nonparametric regression models
that had one response variable (absolute growth rate) and five potential covariates: sex,
site, year, mean size, and recapture interval. The SCL model of size-specific growth rates
was a good fit to the data and accounted for 59% of the variance. The body-mass model
was not a good fit to the data, accounting for only 26% of the variance. In the SCL model,
sex, site, year, and mean size all had significant effects, whereas recapture interval did not.

We used results of the SCL model to evaluate a density-dependent effect on somatic
growth rates. Over the 18 yr of our study, relative population density underwent a sixfold
increase followed by a threefold decrease in Union Creek as a result of natural immigration
and emigration. Three lines of evidence support a density-dependent effect. First, there is
a significant inverse correlation between population density and mean annual growth rate.
Second, the condition index (mass/(SCL)%) of green turtles in Union Creek is positively
correlated with mean annual growth rates and was negatively correlated with population
density, indicating that the green turtles were nutrient limited during periods of low growth
and high population densities. Third, the population in Union Creek fluctuated around
carrying capacity during our study and thus was at levels likely to experience density-
dependent effects that could be measured.

We estimate the carrying capacity of pastures of the seagrass Thalassia testudinum, the
major diet plant of the green turtle, as a range from 122 to 4439 kg green turtles/ha or 16—
586 million 50-kg green turtles in the Caribbean. Because green turtle populations are
probably regulated by food limitation under natural conditions, carrying capacity can serve
as a baseline to estimate changes in green turtle populations in the Caribbean since pre-
Columbian times and to set a goal for recovery for these depleted populations.

Finally, we compare the growth functions for green turtle populations in the Atlantic
and Pacific oceans. Not only does the form of the size-specific growth functions differ
between the two regions (monotonic declining in the Atlantic and nonmonotonic in the
Pacific), but also small juvenile green turtles in the Atlantic have substantially higher growth
rates than those in the Pacific. Research is needed to evaluate the causes of these differences,
but our results indicate that demographic parameters between ocean basins should only be
extrapolated with great caution.
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INTRODUCTION Council 1995). Sustainable management of marine re-
sources has proven to be difficult and fraught with pop-
ulation collapses of target and nontarget species as well
as extensive habitat degradation (Dayton et al. 1995,
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The conservation of marine biodiversity is recog-
nized as a critical need (Norse 1993, National Research
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ploitation. The drastic decline in one such species—
the green turtle, Chelonia mydas, the ‘‘world’s most
valuable reptile”” (Parsons 1962:1)—has recently been
highlighted (Jackson 1997). The decline in the number
of green turtles in the Caribbean since the arrival of
Columbus has been estimated to be as high as 99%
(Bowen and Avise 1995, Jackson 1997). How many
green turtles inhabited the Greater Caribbean when Co-
lumbus arrived? Much of the decline occurred before
green turtle population levels were recorded, making
it difficult to assess early population levels and thus to
identify appropriate goals for recovery of green turtle
populations in the Caribbean.

To design effective management plans to reverse the
population decline of green turtles, demographic pro-
cesses must be quantified, and the potential for density-
dependent effects on these processes needs to be eval-
uated. The density dependence of demographic param-
eters is critical for modeling population growth, for
understanding recovery of depleted populations, and
for estimating the extent to which natural populations
can be harvested on a sustainable basis (Dempster
1975, Robinson 1993, Getz 1996, Hixon and Carr
1997). One of the avenues of research highlighted in
the Sustainable Biosphere Initiative (Lubchenco et al.
1991) was the degree to which processes that control
population growth are density dependent. Over the 18
yr of our study, the population of green turtles in Union
Creek, Great Inagua, Bahamas, underwent an approx-
imate six-fold increase in relative population density,
followed by an approximate three-fold decrease as a
result of immigration and emigration. These substantial
changes in relative density allowed us to evaluate den-
sity-dependent effects on somatic growth rates.

A major challenge to the study of demography and
life history patterns of green turtles is the juvenile
stage, which lasts several decades (Bjorndal and Zug
1995, Limpus and Chaloupka 1997) and is character-
ized by obscure and wide-ranging movements (Carr
1980). Upon leaving their nesting beach, green turtle
hatchlings disappear into what has been termed the
“lost year,”” a lifestage of unknown duration, which
we believe is passed in pelagic habitats, but the location
or any aspect of the biology of this stage in green turtles
has never been discovered (Bolten and Balazs 1995).
When green turtles attain a size of 25 to 35 cm carapace
length, they appear on benthic foraging grounds in rel-
atively shallow waters and adopt an herbivorous diet
(Bjorndal 1985). During this stage, green turtles are
more amenable to study. However, long-term studies
of natural populations are difficult, due to the extensive
developmental migrations undertaken by green tur-
tles—movements among foraging areas that are trig-
gered by unknown cues and may involve travel over
thousands of kilometers—and high human-induced
mortality that can extirpate a study population in a short
time.

Because of the difficulty in obtaining quantitative
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demographic data, it is tempting to extrapolate values
measured for a green turtle population in one region
to populations in other regions. For example, Crowder
et al. (1994) used survivorship estimates for a relatively
unexploited loggerhead population in Australia to pre-
dict the impact of turtle excluder devices on loggerhead
populations in the southeastern USA. They explicitly
stated the risk of such extrapolation, but no data were
available for Atlantic populations. Comparisons of pa-
rameters among regions to evaluate the validity of such
extrapolations are lacking.

In this paper, we use nonparametric regression mod-
eling to analyze growth rates of immature green turtles
in a wildlife reserve in the southern Bahamas. We eval-
uate not only the form of the growth rate function, but
also the effects of both continuous and discrete or nom-
inal covariates (body size, sex, site of capture, year,
and duration of growth interval) on growth rates. As-
sessment of these covariates leads to new insights into
density-dependent regulation of growth rates in im-
mature green turtles. We compare the mean size-spe-
cific growth function of the turtles in our study to the
very different mean size-specific growth function of
Australian green turtles (Limpus and Chaloupka 1997).
Finally, we calculate a range of estimates for the car-
rying capacity of seagrass pastures in the Caribbean
for green turtles to provide population estimates for
pre-Columbian populations and thus goals for popu-

lation recovery.

METHODS
Growth data

This analysis is part of an ongoing study conducted
on green turtle foraging grounds in Union Creek on the
north coast of Great Inagua, the southernmost island
in The Bahamas (21.17° N, 73.57° W). Union Creek
Reserve is a Protected Area within The Bahamas Na-
tional Park system, and green turtles within its bound-
aries are protected from exploitation. In The Bahamas,
a creek is a saltwater bay or passage, not associated
with freshwater, as the name would suggest in other
countries. Union Creek is ~20 km? in area, is sur-
rounded by and interspersed with mangroves, and has
pastures of the seagrass Thalassia testudinum, which
is the primary diet plant of green turtles in the Greater
Caribbean (Bjorndal 1997). Union Creek can be divid-
ed into two areas: the Upper Sound and the Lower
Sound. The Lower Sound is characterized by shallower
water and Thalassia pastures that sometimes show
signs of stress (brown leaf tips and narrower leaf
blades) compared to the deeper waters and healthy
stands of Thalassia in the Upper Sound.

The study population comprises only immature green
turtles that enter Union Creek and then emigrate to
other habitats elsewhere in the Caribbean prior to the
onset of sexual maturity. Our studies of the ecology of
this population began in 1975; growth data presented



