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Abstract

The Chocoan River Turtle, Rhinoclemmys nasuta (Geoemydidae), is a species of great
importance due to its limited geographical distribution and threat status. In Colombia it is
considered in the category data deficient (DD) and globally as a near-threatened species (NT).
In this study we assessed the population density, variation in the demographic structure and
population size, and morphometric variation in two localities. One island population has no
human disturbance and the other, mainland locality is human-influenced. Population density
was 6.3 times greater in the insular locality, which corresponds with the absence of some
predators and human disturbance at this location. Additionally, there was no significant
difference between localities in demographic structure and size classes, which may reflect
that there is no removal of individuals for consumption or use as pets in the mainland
population. On the other hand, body size was smaller on the island, a phenomenon that
may be explained by a tendency of species to dwarfism in insular environments, or an effect
of increased intraspecific competition. To clarify whether differences in population density
and body size are attributable to island effects or to the difference in the degree of human
disturbance between the two populations it will be necessary to sample at other locations on
the mainland with different degrees of human disturbance. However, it is important to stress
the importance of Isla Palma as a site for regional conservation of R. nasuta.

Key words: human disturbance, geographic isolation, population density, habitat degradation,
morphometric variation, island effect.

ECOLOGIA POBLACIONAL Y VARIACION MORFOMETRICA DE
LA TORTUGA DE RIO CHOCOANA (Rbinoclemmys nasuta) EN DOS
LOCALIDADES DE LA COSTA PACIFICA DE COLOMBIA

Resumen

La Tortuga de rio chocoana, Rhinoclemmys nasuta (Geoemydidae), es una especie de gran
importancia para la conservacion debido a su distribucion geografica limitada y a su estatus
de amenaza, siendo considerada en la categoria de datos deficientes (DD) a nivel de Colombia
y casi amenazada (NT) mundialmente. En este estudio se evalu6 la densidad poblacional,
la variacion poblacional en estructura y tamafo, asi como la variacibn morfométrica en
dos localidades. La primera localidad corresponde a una isla continental (Isla Palma) sin
perturbacion humana, y la otra localidad se encuentra en el continente y ha sido afectada
por la perturbacién humana. Como resultados se obtuvo una densidad poblacional 6,3 veces
mayor en la localidad insular, debido a la ausencia de algunos predadores y de perturbacion
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humana. No se encontraron diferencias significativas en la estructura de la poblacion a nivel
de proporcion de sexos o clases de tamanos, lo cual puede estar reflejando que no existe una
remocion de individuos para el consumo o trafico de mascotas en la localidad continental.
Por otra parte, se evidencié una disminucién del tamano corporal en la isla, lo cual puede ser
explicado por una tendencia al enanismo en islas de especies no territoriales o a un efecto
de aumento de competencia intraespecifica. Para esclarecer si los cambios en densidad
poblacional y tamafio corporal son generados por efecto insular o diferencias en grado de
perturbaciéon humana, es necesario realizar muestreos en otras localidades continentales con
diferentes grados de perturbacion humana. Sin embargo, cabe recalcar la importancia de la
localidad de Isla Palma a nivel regional para la conservaciéon de R. nasuta.

Palabras clave: perturbaciéon humana, aislamiento geografico, densidad poblacional,
degradacion del habitat, variacion morfométrica, efecto isla.

INTRODUCTION

to a variety of causes that affect population viability, including habitat loss

and degradation, introduction of invasive species, environmental pollution,
disease and human exploitation (MITTERMEIER et al., 1992; ARESCO & DOBIE, 2000;
CONVERSE et al., 2005). Factors inherent to their biology, such as the slow recovery
of populations from disturbance and delayed sexual maturity, add to the problems
faced by turtle populations (CONGDON et al., 1994; HEPPELL, 1998). The greatest
threats that befall particular groups such as freshwater turtles are considered
to be human disturbances such as habitat loss and fragmentation (MITCHELL &
KLEMENS, 2000; CONVERSE et al., 2005).

O n a global basis, many turtle species show declines in their populations due

Colombia is no exception to these conservation problems for turtle populations. Of
the 33 taxa of turtles covered in the Colombian Red Data book (CASTANO, 2002;
RUEDA-ALMONACID et al., 2007), six species are classified critically endangered
(CR), six more are classified endangered (EN), six are considered vulnerable (VU),
five near threatened (NT), four others are considered data deficient (DD) and the
species Batrachemys raniceps is possibly extinct in the country. Despite the high
diversity of turtles recorded in Colombia, systematic investigation of these species
has been minimal. This situation highlights the need for conservation assessments
and strategies for this group of organisms, which must start with knowledge of
the basic biology of the species (MITTERMEIER et al., 1992).

Among regions within Colombia with the least information about the biology
and conservation of turtles is the Chocoan biogeographic region. The only
comprehensive studies on this group were published 50 years ago (MEDEM, 1962).
Several threats to turtles in this region are present; increased human settlement in
the Chocoan region has lead to an increase in the conversion of natural habitats,
as well as intensification in the use of turtles as an alternative source of protein
(CORREDOR-LONDONO et al., 2006; CORREDOR-LONDONO et al., 2007; GIRALDO
et al, 2012). Additionally, illegal traffic in pet turtles is high in this area; according
to seizure data from the regional authorities, turtles are the most traded wildlife
(CORREDOR- LONDONO et al., 2007).

Among the freshwater turtles recorded in this area is the Chocoan River Turtle,
Rhinoclemmys nasuta (Geoemydidae), a species of great importance due to its
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limited geographical distribution in Colombia and Ecuador (CARR & GIRALDO,
2009). Furthermore, the fact it has been categorized as a near-threatened species
globally (NT) by IUCN (2010) and data deficient (DD) in Colombia (CASTANO,
2002) make it an important species to study. This turtle is a small to medium-
sized species (maximum carapace length of 229 mm) found in freshwater habitats
(RUEDA-ALMONACID et al., 2007; CARR & GIRALDO, 2009). We began studying an
island population of R. nasuta in 2005 on Isla Palma, Bahia Malaga, in the Pacific
coastal region of the Department of Valle del Cauca in Colombia (CARR & GIRALDO,
2009; CARR et al., 2010; GIRALDO et al., 2012). However, the population status,
population structure and morphometrics of continental populations are unknown.

Islands populations of species frequently exhibit distinctive biological characteristics
when compared to mainland populations. For instance, islands often have
greater population densities due to the reduction of competitors and predators
(MACARTHUR et al., 1972).1Isla Palma is protected from human disturbance within
a military use area (GIRALDO et al., 2012), so it is quite possible that population
parameters present in the island population are not typical of what may be
found in continental locations. In addition, the two populations of R. nasuta are
reproductively isolated because the species is unable to cross the saltwater barrier.
We wanted to assess any difference in external morphology that might be due to
this geographic isolation, such as a difference in body size, which is a phenomenon
found in many island populations in response to the historical, physical and
biological characteristics of the islands (CASE, 1978; BOBACK, 2003; LOMOLINO,
2005). This study aims to determine the population status in a continental site
and see if there are differences from the insular site based on the arguments put
forward above.

MATERIALS AND METHODS

Isla Palma and Playa Chucheros belong to the Choc6 biogeographic region,
specifically to the Pacific coastal subregion; the vegetation type is classified as
lowland, very moist tropical forest. The sites have a high rainfall of 7200 to 8500
mm annually, relative humidity of 90%, and an average temperature of 23.5 to
25.7° C (RANGEL-CH. & ARELLANO-P., 2004). These two sites are located in Bahia
Malaga, in the central Pacific region of Colombia in the Department of Valle del
Cauca (Figure 1). Playa Chucheros is located at the southern entrance of Bahia
Malaga and Isla Palma in the North Bay outlet. Isla Palma has an area of 138 ha
and is surrounded by uniformly distributed hard-rock cliffs and sandy beaches
exposed only at low tide, with an elevation that varies from 6-15 m. Due to high
rainfall and a rugged topography, there are numerous freshwater streams draining
to the sea (GIRALDO et al., 2012). The island of Isla Palma is used for a lighthouse
by the Maritime Directorate General of Colombia (DIMAR), which gives it protection
because hunting and logging are not allowed, and no one lives there permanently.
On the nearby coast of the continent, we identified a population of R. nasuta at the
locality Playa Chucheros. This locality has a backdrop of cliffs up to 18 meters in
all directions, which are separated from the sea by a wide beach (CANTERA et al.,
1998). There is a population of more than 50 people who live off the exploitation
of natural resources and tourism. The species is occasionally captured for food
and there is a growing problem of loss of natural habitat due to timber harvesting
for the expansion of hotel infrastructure and houses for the inhabitants.
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Figure 1.  Geographic location of the two study sites.

For this study, we sampled each locality three times in 2007 at one month intervals:
a capture event and two recapture events. Sampling was carried out in stream
sections of variable length starting at the mouth. On Isla Palma we sampled five
streams, with a total area studied of 0.40 ha. At Playa Chucheros, we sampled
three streams with a total area of 0.18 ha. Specimens were collected between 2000
and 2400 hours by direct visual encounter; the animals collected were marked
directly at the site of capture and transported to the camp in cloth bags, where
we proceeded to take measurements and record data for each individual. We used
the marking methodology proposed by CAGLE (1939) with some modifications
(GIRALDO et al., 2012).

We made 32 linear body measurements using a vernier caliper (0.01 mm), three
curved measurements using a tape measure (1 mm), and weight (W) was recorded
with a Pesola scale (10 g) for each individual (MEDEM, 1976; MERCHAN, 2003;
MERCHAN et al, 2005). The measurements included: straight median carapace
length (LSMS); median curved carapace length (MCCL); maximum straight carapace
length (MSCL); straight carapace width between the marginal 5-6 seams (SCW5-
6); curved carapace width between the marginal 5-6 seams (CCW5-6); maximum
straight carapace width (MSCW); length of vertebral scutes: (LV1), (LV2), (LV3),
(LV4), (LV5); length of costal scutes: (LCol), (LCo2), (LC03), (LCo4); median straight
plastron length (MSPL); curved plastron length (LCP); maximum straight plastron
length (MaSPL); plastral seam lengths: gular (GSL), humeral (HSL), pectoral (PSL),
abdominal (ASL), femoral (FSL), anal (AnSL); plastral seam widths: gular (GW),
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humeral (HW), pectoral (PW), abdominal (AW), femoral (FW); bridge length (LB);
shell height (SH); pre-cloacal tail length (TLPreCl); post-cloacal tail length (TLPosCl);
and head width (HeW).

Population size was calculated using the program MARK, version 6.0 (WHITE &
BURNHAM, 1999). We used a closed population model because the periods of capture
were separated by only one month, and we used the AIC criterion to choose the best
closed population model. Population density was calculated using the estimated
number of turtles and the sampled area (WILLIAMS & PARKER, 1987; MILAM &
MELVIN, 2001). We performed contingency table analyses to test whether there were
differences in the proportional composition of demographic classes (males, females,
juveniles) between localities (ZAR, 1999). Each individual’s sex was determined based
on the presence or absence of secondary sexual characteristics, i.e., pre-cloacal tail
length, plastral concavity, body size (MEDEM, 1969; CARR & GIRALDO, 2009), or by
primary sexual characteristics (palpation of eggs or eversion of the penis). Juveniles
were those individuals that could not be assigned a gender on the basis of secondary
sexual characteristics and were generally smaller than 140 mm LSMS. To further
characterize population structure, turtles were assigned to four size demographic
classes according to carapace length based on 20 mm intervals (LESCANO et al.,
2008), then we used contingency table analysis to evaluate differences between
the proportional distribution of size classes in the two populations (ZAR, 1999).
When preliminary comparisons via ANOVA vyielded significant differences in all
morphometric variables between males, females and juveniles, geographic variation
was assessed with Mann-Whitney tests separately for males, females and juveniles.
Similarly, we performed a principal components analysis to graphically detect
the existence of groups. Principal components analysis was performed using the
statistical module of the computer program STATISTICA 7.0 (STATSOFT, 2004). For
morphometric analyses, we used additional data on four juveniles, eleven females
and five males obtained during occasional visits to Playa Chucheros.

RESULTS

During the three visits to Isla Palma, we captured a total of 208 individuals of R.
nasuta; 21 turtles were recaptured on one occasion and two were recaptured twice.
We calculated an estimated population size of 624 ind (95% CI=577.8-670.2; AIC =
-1194.37; Model = p(t)c(.)N(.)) and a density of 1560 ind/ha. At Playa Chucheros, we
captured 33 individuals for an estimated population size of 99 individuals (95% CI
=86.7-111.3; AIC =-91.25; Model = p(t)c(.)N(.)) and a density of 247.5 ind/ha. The
estimated population density of the Isla Palma population is 6.3 times greater than
that found at Playa Chucheros. The demographic classes we captured were 53 (26%)
males, 71 (34%) females and 84 (40%) juveniles in the Isla Palma population and 9
(27%) males, 15 (46%) females and 9 (27%) juveniles at Playa Chucheros (Figure 2).
The contingency table analysis indicated that the proportion of population classes
is not significantly different between the two locations (p = 0.326). In terms of size-
class composition for each of the demographic classes, there were no significant
differences between the localities (males p = 0.096; females p = 0.106; juveniles
p = 0.962) (Figure 3).
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Figure 2.  Frequency distribution for demographic classes of Rhinoclemmys nasuta
(males, females and juveniles) at the two sites.
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Figure 3.  Size-class structure of the Rhinoclemmys nasuta populations at the two
localities (a. juveniles; b. females; c. males).
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In terms of morphometric variation, we found that juveniles in the two populations
were not significantly different. Females at Playa Chucheros averaged larger than
those in the Isla Palma population, however this difference was significant for only
six variables (MCCL, LV1, LCo3, ASL, SH, HEW). This pattern of variation indicates
that Playa Chucheros females have a greater volume (greater height and width)
than Isla Palma females. Males showed the greatest difference between localities,
with 21 of the 35 variables assessed having the highest averages for individuals at
Playa Chucheros (Table 1). Graphically, the principal components analysis shows
no distinguishable grouping by demographic classes related to the sites (Figure 4).

Table 1. Average values for the morphometric variables evaluated and compared by Mann-Whitney
tests (U prob.) for males, females and juveniles (only variables with significant differences
are shown, marked with bold, p < 0.05).

Females Males Juveniles
vl ima Chuheros VT puma Chucheros V" puma Chucheros U
LSMS 180.54 186.83 0.1183  149.32 158.69 0.0064 99.08 98.29 0.9611
MSCL 185.72 190.23 0.2573  151.97 163.58 0.0039 100.80 99.26 0.9197
SCW5-6 130.62 132.25 0.5592  103.63 109.86 0.0148 75.87 76.41 0.8127
MSCW 132.64 139.50 0.266 107.58 112.79 0.0064 77.67 77.91 0.9778
MaSPL 173.61 177.03 0.3532  137.52 144.44 0.0233 89.32 87.49 0.8344
SH 62.73 69.51 0.0028 49.15 56.43 0.0001  32.78 34.99 0.4109
TLPreCl 19.11 21.39 0.0860 25.75 28.73 0.0350  9.41 7.93 0.7591
W 774.38 882.60 0.0514  392.15 511.11 0.0013  142.68 133.56 0.8837
MCCL 187.63 198.43 0.0162 154.81 169.69 0.0059 101.82 92.04 0.8123
CCW5-6 158.98 161.04 0.4214  129.00 138.99 0.0066 88.52 92.56 0.4531
LV1 30.44 33.15 0.0438  24.97 27.04 0.0475 17.38 17.98 0.4952
LV3 35.52 37.34 0.1225 28.05 31.38 0.0005 22.31 19.40 0.6224
Lv4 34.54 36.41 0.2973 27.33 33.18 0.0002 19.21 19.94 0.5232
LV5 25.29 26.62 0.1995 22.89 24.99 0.0236 14.23 14.41 0.8018
LCol 36.02 38.27 0.0905 27.35 30.69 0.0385 18.70 19.08 0.6944
LCo2 37.80 39.39 0.1564 30.29 33.13 0.0046  20.60 21.08 0.5751
LCo3 39.69 42.99 0.0211 32.82 34.98 0.0660  21.49 22.61 0.4605
LCP 166.11 171.07 0.1647  130.48 136.77 0.0350 85.88 86.00 0.9394
ASL 43.02 47.81 0.0087  33.18 39.64 0.0002  21.55 21.66 0.9776
GW 22.80 24.99 0.2799 18.18 20.39 0.0103 12.74 15.73 0.0700
AW 39.79 44.01 0.4873 30.22 32.50 0.0149 21.28 27.06 0.3648
HeW 28.02 29.76 0.0087  23.80 26.58 0.0006 16.75 17.90 0.3720
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Figure 4. Two-dimensional plots of the first two principal components of 35
morphometric variables for juveniles (a), females (b) and males (c) from
two localities. Black spots indicate individuals from Playa Chucheros
and white squares individuals from Isla Palma.

DISCUSSION

We think that the difference in population densities in the two locations may
be due to two factors, one is the island effect and the other is the difference in
the degree of human disturbance. The theory of island biogeography predicts a
decrease in species diversity depending on the size of the island and its distance
from the mainland (MACARTHUR & WILSON, 1967); this decrease in diversity is
often accompanied by high population densities of some species compared to those
found in similar habitats on the mainland (MACARTHUR et al., 1972; GEORGE,
1987; PERES & DOLMAN, 2000). This phenomenon has been explained by many
hypotheses, including: the reduction in interspecific competition and predation
(MACARTHUR & WILSON, 1967; NILSSON et al., 1985; GEORGE, 1987); differences
between island and mainland habitats (GEORGE, 1987), niche expansion (NILSSON,
1977); concentration of resources (CONNOR et al., 2000); reduced dispersal
(MACARTHUR et al., 1972); and precise genetic adaptation to local conditions by
reduced migration (EMLEN, 1979). In the specific case of R. nasuta its increase
in population density on Isla Palma may be due to decreased predation since
predators such as large mammals and crocodilians are absent; additionally there
is less snake diversity than in continental locations (GIRALDO et al, 2012). This
same explanation has been the factor used to hypothesize population increases
of some species of turtles on islands (LANGTIMM et al., 1996; VOGT et al., 2009).

It is well documented that continental turtles are affected by habitat degradation
due to loss of required resources for the species and human overexploitation
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(MITTERMEIER et al., 1992; GIBBONS et al., 2000). However, based on our
observations, we consider the effect of overexploitation of this species to be
insignificant for the Playa Chucheros locality because people in the community
do not use traps and do not frequent the streams at night for fear of snake bite
accidents; therefore the nocturnal habits of this species limit encounters with
humans. This observation is supported by the lack of a difference in the proportion
of each size class between the two populations for males and females, which
represent the larger size classes that are most desirable for consumption (Figure
3) (Table 1). Therefore, habitat degradation is the most likely explanation for the
difference in population density between these two study sites. The isolation of an
environment such as Isla Palma, where habitat disturbance is minimal as compared
to Playa Chucheros, which has increasing conversion of habitat that includes
logging close to our sampled streams, may have generated the large difference in
population size and density we observed.

The structure of chelonian populations responds to changes of intrinsic factors
such as migration of individuals and differential predation (MARTINS & SOUZA,
2009); however, the factor involved to the greatest degree in changes of population
structure is human exploitation, with individuals being extracted for consumption
or used as pets (RAMO, 1982; FACHIN-TERAN & VOGT, 2004). Apparently, because
there was relatively little removal of individuals from the impacted mainland
locality, we found no significant differences in demographic and size classes
between the two populations.

Body size is a life history characteristic of a species that may be associated with
multiple factors (BLACKBURN & GASTON, 1997; BOBACK, 2003); considering that
one of our localities is an insular site, the island effect should be taken into account.
One of the most notable changes in the morphometry of populations on islands is
body size as has been recorded in several groups of animals, e.g., large mammals
(ROTH, 1993), rodents (PERGAMS & ASHLEY, 1999), snakes (BOBACK, 2003), turtles
(GIBBONS et al., 1979), birds (CLEGG et al., 2002 and mammals (ADLER & LEVINS,
1994). Island populations may exhibit a trend toward increase or decrease in body
size depending on the environmental characteristics of the island or the particular
characteristics of life history of the species (CASE, 1978; ROTH, 1993; BOBACK,
2003; LOMOLINO, 2005). The effect of human exploitation on turtle populations is
adecrease in average body size, as compared to communities without exploitation
(CLOSE & SEIGEL, 1997; BERNAL et al., 2004; GAMBLE & SIMONS, 2004).

In this study we recorded a smaller average body size for males and females in the
island population, with a more pronounced trend in males. This is the opposite of
what would be expected if human overexploitation was the cause of the differences
between the populations. The larger males and females in the population at Playa
Chucheros may be a consequence of the relative lack of recruitment of juveniles
into the male and female categories over a number of years. The aging adult
population should exhibit a larger average size where there is little exploitation
of the population. On the other hand, the cause of a decrease in body size of a
species on an island can occur in species that are not territorial (CASE, 1978), as is
the case of R. nasuta. This phenomenon can be explained by increased intraspecific
competition in the island environment where the turtle population density was high
(LANDA & SKOGLAND, 1995; NAVARRETE & MENGE, 1997). Many organisms have
large body sizes at low population densities because each individual has plentiful
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resources available; however when population density increases resources are more
scarce and the population may have a smaller body in order to reduce resource
needs (SKOGLAND, 1983; ALUNNO-BRUSCIA et al., 2000).

In turtles, body proportion variation among populations that differ in habitat
(ROWE, 1997), or with long geographical isolation (YASUKAWA et al., 1996) have
been found. Morphometric differences between the two populations found in this
study appear only in size, without a significant change in body proportions. The
lack of such differences may be because there is no difference in the type of habitats
between the sites. Another possibility is that the genetic drift caused by physical
isolation over time has been insufficient to generate morphological differentiation
(CLEGG et al., 2002).

With the current data it is impossible to resolve whether the island effect, through
a reduction in interspecific competition and predation, or a reduction of human
disturbance, or the synergy of these two factors has led to the differences in
population density and body size detected between our mainland and island
populations of R. nasuta. Sampling from other mainland locations that vary in
degree of human disturbance may help resolve the important factors affecting
population dynamics in this region. Despite this, the results obtained in this study
emphasize the importance of Isla Palma as a site for conservation and research of
the densest known population of R. nasuta.
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