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Abstract
Habitat selection is the process whereby individuals preferentially use, or occupy, a non-random set of
available habitats. At the same time, nest site selection is defined as the placement of eggs by females
at sites differing from random sites within a delimited area. We located 59 nests of the mud turtle Kinosternon scorpioides in Palo Verde National Park (PVNP) in Northwestern Costa Rica. We compared
eight microhabitat variables at nest sites against those at random sites. Females significantly placed
their eggs at sites with more understory, leaf litter cover, and greater leaf litter depth than in random
sites. Additionally, females selected sites with lower air and soil temperature and lower air humidity.
Palo Verde NP is subject to active management actions designed to control invasive plant species in
the wetland, namely cattail (Thypha domingensis Pers.). The main actions have been cattle grazing,
controlled fires, and mechanical crushing of vegetation. We found that habitat quality in nesting areas
is being threatened by at least one of these actions: cattle grazing. This is detrimental for three microhabitat traits that turtles select for nesting sites: understory cover, leaf litter cover, and leaf litter depth.
The continued degradation of microhabitats at nesting areas of K. scorpioides at PVNP could be affecting recruitment due to embryo survivorship.
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Introduction
Variation in abundance and distribution of a species is often determined by suitable habitat availability, which must include all necessary components to ensure the
species survival: food, water, refuge, and reproductive sites (Litvaitis et al. 1994).
Habitat selection is the process whereby individuals preferentially occupy a nonrandom subset of available habitats (Morris 2003). Nest site selection is defined as
the placement of eggs by females at sites with different characteristics from random
sites within a delimited area (Wilson 1998). Such behavior may reduce both egg
predation and exposure to environmental extremes (Wilson 1998) which consequently leads to increased embryo development and survival rates. For turtles and
many other animals, nest predation is a major cause of reproductive failure (Oddie
et al. 2015; Voves et al. 2016), making nest site selection an important component
of fitness. As a result, maternal site selection represents a critical component of nest
success (Mui et al. 2016).
Nest site selection has been documented for several species of turtles, among
them Carettochelys insculpta (Doody et al. 2003), Chelydra serpentina (Kolbe and
Janzen 2001), Chrysemys picta bellii (Janzen 1994), Emydura macquarii (Spencer
and Thompson 2003), Kinosternon baurii, Kinosternon subrubrum, and Pseudemydura umbrina (Wilson 1998). The importance of the structural characteristics of
the environment surrounding the nest and their influence on survival rate, hatchling size, and sex ratios have been documented by several field and laboratory studies (e.g. Burke et al. 2005; Eggers et al. 2008; Strickland et al. 2010; Wirsing et al.
2012; Voves et al. 2016). For instance, the humidity of the incubation environment
influences embryo size, and larger hatchlings appear to be more successful escaping predation and surviving the first year of life (Packard et al. 1987). However, the
survival of hatchling snapping turtles was not dependent on body size (Congdon et
al. 1999). Thus, variation in nest site humidity could lower hatchling survival rate.
Also, in species with temperature-dependent sex determination (TSD), sex ratios
can be skewed as a result of habitat alteration on nesting areas (Janzen 1994, Butler
et al. 2016). For instance, areas stripped of vegetation might produce more females
because of a higher incubation temperature (Vogt and Flores-Villela 1992). Hence,
habitat alterations that affect nesting areas could have a severe impact on freshwater
turtle populations (Vogt and Flores-Villela 1992).
Palo Verde National Park (PVNP), in northwestern Costa Rica, is one of the few
national protected areas that is legally subject to habitat changes caused by human
actions (active management) such as cattle grazing, controlled fires, and mechanical
crushing of vegetation (Castañeda and Mora 2010). The purpose of these actions is
to create and maintain areas of open waters favorable to wintering waterfowl, and
to reduce risk of wild fires (Burnidge 2000; Barboza 2002; MINAE 2002). There has
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been an invasion of the cattail (Typha domingensis Pers.) to the wetlands of the area
due to chemical pollutants in the water produced by several crops that surround
the area (Burnidge 2000). While bird populations are monitored to assess their response to changes in resource availability (i.e., habitat characteristics), no information is available on the impact of these management actions on other vertebrate
species within the park with some exceptions (Castañeda and Mora 2010).
Comparing available resources to utilized resources allows for the validation of
conclusions concerning habitat selection (Manly et al. 2002). When resources are
used disproportionately compared to their availability, the resource use is selective
(Manly et al. 2002). The comparison of the physical structure of nesting locations
with that of random sites within a delimited area is especially useful in identifying
the characteristics of the habitat that determine nest site selection (Wilson 1998;
Kolbe and Janzen 2002). In this paper, we compare several microhabitat variables at
nest sites of Kinosternon scorpiodes against those at random sites in the nesting area
within PVNP. We analyze how active management of this protected area is changing
the habitat structure of nesting areas and the possible impact on the population. In
addition, we provide information on female nesting behavior, clutch size and nesting female size.
Methods
Study species
Kinosternon scorpioides is a small species of freshwater turtle widely distributed in
Central and South America, including the Pacific slope of Costa Rica (Leenders
2019). The species is relatively large for the genus and it has been shown to vary
in both total size and sexual size dimorphism (Mota Rodrigues and Borges-Nojosa 2013; Bedoya-Cañón et al. 2018). During nesting, females excavate a nest 2.1–
4.6 cm deep and lay around six hard, brittle-shelled eggs (Iverson 2010; Castañeda
and Mora 2015). Eggs are 40 × 19 mm in length and width, and hatchlings are
30–40 mm carapace length. Incubation takes from 115 to 128 days (Acuña 1998;
Savage 2002). Temperature-dependent sex determination with pattern II (TSD-II)
has been reported for at least six species in the family Kinosternidae, including K.
scorpioides (Ewert and Nelson 1991; Janzen and Krenz 2004). TSD-II produces females at low and high temperatures and males at intermediate temperatures (De La
Ossa et al. 2014). Little information is available on the reproduction of K. scorpioides
in general (Fernandes Araujo Chaves et al. 2020), and microhabitat characteristics
of their nests in particular (Bedoya-Cañón et al. 2018). Although K. scorpioides is
a turtle with a wide ecological tolerance, capable of inhabiting almost any body of
shallow water, it likes to live in places with abundant aquatic vegetation (RuedaAlmonacid et al. 2007). Copulation takes place on land or in shallow water, and
nests are usually excavated at the base of masses of grasses or shrubs up to 200 m
from bodies of water (Rueda-Almonacid et al. 2007).
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Study site
We conducted our research in Palo Verde National Park (PVNP), located in the
northwestern lowlands of Guanacaste Province, Costa Rica (10°21'N, 85°21'W;
Fig. 1). The park extends over an area of 19800 ha; average temperature was 27 °C,
and annual precipitation was 2296 mm (Castañeda and Mora 2010). The dry season
lasts from December to April and the rainy season from May to November. A great
variety of habitats are represented in PVNP: primary and secondary deciduous dry
forest, riparian forest, savannas and wetlands (Hartshorn 1983; Mora 1989). The
study area was located between the facilities of the Organization for Tropical Studies (OTS) and those of the Palo Verde MINAE station (Fig. 1). Sampling effort was
concentrated in an area of 4 ha of old secondary dry forest adjacent to the Palo
Verde marsh.
Nesting behavior, nest location and microhabitat variables
We measured body size, number of eggs, and egg size of nesting K. scorpioides females from October 2003 to November 2004. For each female, we measured curved
carapace length (CCL) to the nearest 0.1 cm with a flexible measuring tape, and
body mass with a 1000 g capacity spring scale. We measured egg length and width to
the nearest 0.1 cm using 152 mm metal calipers, and body mass using a 30 g capacity spring scale. Data reported as mean ± SE.
We located K. scorpioides nests and measured microhabitat characteristics during February and March 2004. Because nests were cryptic and difficult to find, we
located nests by either following emerging females to their nest sites, raking leaf litter, or observation of the white eggshells exposed by nest predators. To test for nest
site selectivity, we searched the 4-ha study area along six transects of a 200 m length.
We located a random site every 10 m along each transect (site without nest). We
compared the values of eight microhabitat variables measured at nest sites to those
measured at random sites to see if nest sites were different. We measured canopy
cover with a spherical densiometer (Forestry Suppliers Spherical Crown Densiometer, Concave Model C). For this study, we considered all shrubby and herbaceous
vegetation from 0.1 to 1.5 m above the ground as understory cover. We measured
these two variables by centering a 1-m2 grid at each site. We visually estimated the
percentage of ground covered by leaf litter at each of these grids. We used a 35 ×
20 cm wooden board marked with 10 circles of 3 cm in diameter to estimate horizontal understory cover. We placed the board above the ground at a distance of 1 m
from the sites and took two measures, one to the north and one to the south. We
counted the number of circles that the vegetation allowed us to see through at 20 cm
above the ground (methodology modified from Higgins et al. 1994). We measured
leaf litter depth with a metal ruler. We used a digital hygro-thermometer (model
445582 Extech Instruments) to measure air temperature and air humidity. We located the hygro-thermometer 5 mm above the ground in the shade at each nest
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Figure 1. Palo Verde National Park in northwestern Costa Rica (above). The study area (below) depicts the limit between the Palo Verde marsh (M) and the forest (F). A barbed wire fence (red line
approximately) runs in between the forest and the marsh parallel to the road between the Palo Verde
MINAE station (star at left) and the OTS station (star at right). Black line = 1 km (approximately).

site and each random site and took the reading after 5 min. We measured the soil
temperature at 5 cm depth using a thermometer (HI-145-30 Hanna Instruments);
we took the reading after 5 min.
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To test for differences in microhabitat variables between nest sites and random
sites we analyzed the data using a Multivariate Analysis of Variance (MANOVA).
We used a 2-sample t-test to test for differences among each variable. We analyzed
the data using JMPin 4.0.4 and Systat 9.0.
To eliminate the effect of temperature variation throughout the day, we took
all temperature measurements used to compare nest sites and random sites from
1200 to 1400 h (the warmest hours of the day). To better estimate the nest average temperature throughout the day, we also took nest temperatures from 0500 to
0700 h (the coolest hours of the day). We chose these hours after reviewing the data
provided by the OTS weather station. At the same time, we tested for differences
in average ambient temperature on days in which we took nest and random site
temperatures. We analyzed environmental temperature data from the OTS weather
station using a one-way Analysis of Variance (ANOVA).
Areas under cattle grazing vs areas free of cattle grazing
The study area (4 ha) is divided by a fence running east – west (Fig. 1). The
park’s administration uses the fence to keep the cattle in the wetland and out of
the forest. However, the fence runs inside the forest at 0–15 m from the wetland
border, resulting in two treatments within the same nesting area and habitat: 1)
areas under cattle grazing and 2) areas free of cattle grazing (Fig. 2). In order to
test for microhabitat differences between treatments, we placed 144 plots of 1 m2
each at random sites inside and outside the fence (72 plots per treatment). We
measured three microhabitat variables on every plot: understory cover, leaf litter
cover, and leaf litter depth. We tested for differences between both treatments
(area with cattle grazing and area free of cattle grazing) with the Mann-Whitney
U test. We arcsine transformed all percentage data before we conducted any
analyses (Zar 1999).
Results
Nesting behavior
We observed Kinosternon scorpiodes females nesting during February, October
and November. We also assumed in March evidence of nesting activity such as
fresh mud accumulation on female’s posterior marginal scutes. Females left the
water and walked straight into the forest. Once under the forest canopy females
spent 1–1.5 h moving erratically in areas of about 15 × 15 m, apparently searching for a suitable site to nest. During this search, females dig with their front legs
into the leaf litter and place their snouts on the ground (ground-nuzzling), move
a few meters and repeat these actions. This behavior lasted until the turtle finally
began to dig a nest with its hind legs. The nest digging process took between 1 to
1.5 h. Some females dug their nest while their shells were completely covered with
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Figure 2. A barbwire fence running east – west at Palo Verde National park in northwestern Costa Rica divides the study area and keep the cattle in the wetland and out of the forest. The area at the forest side maintains vegetation but cattle eat understory plants at the marsh side (bare soil). Photo: José Manuel Mora.

leaves. We found 14 out of 102 females on land during the study period with mud
accumulation on the posterior marginal scutes and occasionally also on the anal
scutes after completion of nesting. Five of the 14 females were found while nesting
(Fig. 3). We did not find mud accumulation or dirt in juvenile turtles (n = 29), or
adult males (n = 42).
We found active nesting females from 0700–1100 h and from 1500–2300 h.
Nesting females have an average of carapace length (CCL) of 18.41 ± 0.28 cm (range
16.6–19.9 cm, n = 14) and average weight after nesting of 670 ± 32.9 g (range 460–
790, n = 14). Nesting females observed at Palo Verde in this study laid between three
and eight eggs per nest (n = 14). We found a positive relationship between the number of eggs and female CCL (r2 = 0.73, P = 0.06). The eggs averaged a length of 3.26
± 0.16 cm (n = 35), egg width averages = 1.79 ± 0.06 cm (n = 35), egg mass average =
6.34 ± 0.74 g (n = 16). We saw one hatchling actively moving over land in May 2004;
this individual measured 2.7 cm standard carapace length, 2.1 cm standard carapace
width and weighed 4.25 g. We collected two egg clutches as vouchers in November
2004 and deposited them at the museum of zoology of the University of Costa Rica
(clutch of three eggs UCR 17395; clutch of seven eggs UCR 17396).
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Figure 3. A female mud turtle (Kinosternon scorpiodes) nesting at Palo Verde National Park, northwestern Costa Rica. Note the barbwire of the fence above the turtle. Photo: José Manuel Mora.

Nest location and microhabitat variables
We did not find any nests in open areas or the wetland border, which was dry and
covered with aquatic plants, or in grass tussocks during the dry season. We found
all nests under the forest canopy. We found nests at distances that ranged from 5 to
175 m from the water line. We found most nests during the dry season in the first 5
to 50 m of forest from the water line. However, during the wet season we found nests
at greater distances (up to 175 m) from the wetland.
We compared 59 nest sites with 54 random sites (some sites had more than one
nest). Females placed their eggs at sites that differed from random sites (F8,90 = 11.2,
P < 0.0001) in at least seven of the eight variables of microhabitat under analysis
(Table 1). Horizontal understory cover was the only variable that shows no differences between nest sites and random sites (Table 1). It appears females select sites
with more understory cover, more leaf litter cover, greater leaf litter depth, and less
dense canopy cover than the random sites (Table 1).
When we analyzed the temperature readings from the OTS weather station, we
did not find significant differences in average environmental temperature on days of
sampling (F5,168 = 0.87, P = 0.50). This indicates that the environmental temperature in
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Table 1. Mean and standard error of the eight variables of microhabitat measured at nest sites and
at random sites in a Kinosternon scorpioides nesting area in Palo Verde National Park, Northwestern
Costa Rica. T and P values of paired comparisons are also given. For each microhabitat variable, the
sample size (n) in parenthesis.
Microhabitat variables
Canopy cover (%)
Understory cover (%)
Leaf litter cover (%)
Leaf litter depth (cm)
Horizontal understory cover (%)
Air temperature (°C)
Air humidity (%)
Soil temperature (°C)

Nest sites
90.4 ± 0.89 (56)
42.80 ± 3.24 (56)
90.70 ± 1.85 (56)
3.04 ± 0.23 (55)
27.76 ± 2.9 (55)
34.82 ± 0.17 (52)
43.29 ± 0.55 (52)
28.13 ± 0.12 (53)

Random sites
93.7 ± 0.70 (54)
31.29 ± 3.41 (54)
84.35 ± 1.88 (54)
2.0 ± 0.15 (51)
25.94 ± 3.25 (53)
35.55 ± 0.21 (53)
45.75 ± 0.80 (52)
29.04 ± 0.14 (53)

T
t 109. 95 = -2.86
t 109. 95 = 2.44
t 109. 95 = 2.39
t 105. 95 = 3.68
t 107. 95. = 0.42
t 104. 95 = -2.62
t 103. 95 = -2.53
t 105. 95 = -4.74

P
< 0.005
= 0.01
= 0.01
< 0.001
= 0.67
= 0.01
= 0.01
< 0.001

the study area was homogeneous throughout the days in which temperature readings
were taken at nest and random sites. Nest sites had lower air and soil temperature and
lower air humidity (Table 1). Average soil temperature at nest sites was 28.13 °C from
1200 to 1400 h, and 26.40 °C from 0500 to 0700 h, with an overall average of 27.26 °C.
Leaf litter depth was negatively correlated with soil temperature (Pearson r = -0.35),
and air temperature was negatively correlated with air humidity (Pearson r = -0.57).
Areas under cattle grazing vs areas free of cattle grazing
We found only two nests in areas under cattle grazing (3.4% of total nests found,
n = 59). However, outside the fence (no cattle grazing) we found 43 nests 1–10 m from
the fence (72.9%). We also found six nests right under the fence (10.2%), for example the female in Figure 3. We found only 13.5% of the nests (8) at distances greater
than 10 m from the fence. We found significant differences between treatments in all
three variables measured. Areas outside the fence had higher percentage of understory
cover (U = 412, P < 0.0001), leaf litter cover (U = 864, P < 0.0001), and greater leaf
litter depth (U = 895, P < 0.0001). The understory cover inside the fence was almost
nonexistent in areas with cattle grazing and both leaf litter variables were lower.
Discussion
We found that average carapace length (CCL) of nesting Kinosternon scorpiodes at
Palo Verde is higher than the most common size of 15 cm previously reported for
this species (Rueda-Almonacid et al. 2007). This CCL average correlates positively
with the number of eggs laid by this species at Palo Verde. The number of eggs observed by us appears to be within the range observed in other populations of this
species (Rueda-Almonacid et al. 2007; Castañeda and Mora 2015). However, average egg size at Palo Verde was slightly smaller than the previously reported average
(Acuña 1998; Savage 2002; Rueda-Almonacid et al. 2007). We do not have the raw
data to undertake a metanalysis, but it is important to note that kinosternids display
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remarkable amounts of morphological crypsis, with numerous novel species being described recently (e.g. Scott et al. 2018, Loc-Barragán et al. 2020). Differences
between and among dispersed populations in characters as important as egg size
therefore may be indicative of more substantial underlying biological differences. In
the case of our study population, our results with respect to egg length match those
of Acuña (1998), but reflect a reduction of 36% with respect to other Costa Rican
populations (Savage 2002) and 18% compared to Transandean populations (RuedaAlmonacid et al. 2007). These outsize differences may be worth examining further
from a taxonomic perspective.
With respect to development, it is important to note that females appear to be
selecting nesting sites with more understory cover, more leaf litter cover, greater
leaf litter depth, and less dense canopy cover than the random sites (Table 1). This
points to a selection of nesting sites on the part of females that have the potential
to improve the reproductive potential of females because choice of nesting site at
both the micro- and the macro-habitat level can be critical for turtle breeding success (Spencer and Thompson 2003). Although at least some components of nestsite selection must have a genetic basis to enable evolutionary selection (Kolbe and
Janzen 2002), in the particular instance of K. scorpiodes at Palo Verde, the key point
is that conditions favorable to continued reproductive success and egg development
should be maintained and assured.
Semlitsch and Bodie (2003) found, from a literature review, that terrestrial habitats are important for amphibians and reptiles associated with wetlands for feeding,
overwintering and nesting. Thus, the healthy biological interdependence between
aquatic and terrestrial habitat is essential for the persistence of populations (Semlitsch and Bodie 2003). Upland habitats adjacent to wetlands are critical to nesting
in freshwater turtles (Steen et al. 2012). To protect 100% of the nests and hibernation sites for three species of freshwater turtles (Kinosternon subrubrum, Pseudemys
floridana and Trachemys scripta), a core area that extends 275 m beyond the wetland
is needed (Burke and Gibbons 1995). However, the core area needed is variable according to species habits among other factors (Steen et al. 2012). We found K. scorpioides nests at PVNP as far as 175 m from the wetlands, and Acuña (1998) reported
nests up to 200 m from the wetlands in the same area. To protect 100% of the K. scorpioides nests at PVNP, the core area needs to be 175 m from the wetland. However,
to protect 86.4% of the nests, the core area would only have to extend 25 m from
the wetland. These data should be considered to protect core areas around wetlands
elsewhere in Costa Rica. Nesting areas are important components of an egg-laying
species habitat and need to be considered in conservation plans (Ficetola et al. 2004).
Within protected natural areas, successful management actions can only be achieved
if the components of habitat quality, including nesting habitat, are well understood.
Gravid females are selective in terms of nesting sites. This behavior is an important determinant of offspring success (López et al. 2013). This means, that in
order to guarantee the successful reproduction of K. scorpioides, certain habitat
characteristics must be available in the areas comprising the first few meters of
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terrestrial habitat surrounding the wetland. However, there are many unanswered
questions pertaining to how habitat preferences may influence turtle nesting migrations (Steen et al. 2012). Some of the basic characteristics of successful nests should
include well-drained, and sparsely vegetated, loose sandy soil with low vegetation
cover as has been suggested for other species (Hughes and Brooks 2006; Dowling
et al. 2010). Thus, it is the quality of habitat available that matters and not only its
quantity in this particular case.
We found that habitat quality at nesting areas is being threatened by at least
one of the active management actions in the park, i.e., cattle grazing. Livestock are
changing the understory structure by destroying all shrubby vegetation and modifying the leaf litter cover and depth within the first 10 to 15 m of forest from the
wetland. This is detrimental for three microhabitat traits that K. scorpioides females
select for nesting sites: understory cover, leaf litter cover, and leaf litter depth. Indeed, the large differences found in vegetation structure between areas with cattle
grazing (inside the fence near the wetland) and areas free of grazing (Fig. 2), almost
explain the total lack of nests in the first 10 to 15 m from the wetland and the great
abundance of nests just across past the fence, which indicate that gravid females
avoid nesting in the cattle grazing area, or they are not able to do so there. Additionally, the contrast between nests and their surrounding substrates could be a visual
cue for predators to locate nests (Voves et al. 2016).
Conclusions
According to our results, Kinosternon scorpiodes enjoys good biological and ecological conditions for its survival at Palo Verde National Park. We provide data on
specific microhabitat traits that characterize nesting areas of K. scorpiodes at this
park in Northwestern Costa Rica. However, these traits are apparently being negatively affected by cattle grazing, one of the management actions conducted in the
park. Since the main idea of having cattle within the wetland in PVNP is to reduce
the amount of invasive aquatic plants in the marsh, there is no need to have the
fence running 10 to 15 m within the dry forest. Instead, the fence should be moved
and placed at the edge between the marsh and the forest. Doing this, cattle would
be confined to the wetland and precluded from disturbing the core nesting area for
female K. scorpioides. A lack of suitable nesting areas may be a primary reason for
the absence of recruitment to a turtle population (Hughes et al. 2016). However, in
addition to K. scorpioides, many other species of amphibians and reptiles at PVNP
may depend upon the natural integrity of the ecotone between the marsh and the
dry forest.
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