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Abstract
Terrestrial movements, activity patterns and habitat use by Kinosternon scorpioides 
(Testudines: Kinosternidae) in Palo Verde National Park, Costa Rica. The Scorpion 
Mud turtle, Kinosternon scorpioides, is a widely distributed, semiaquatic species known to 
engage in regular terrestrial movement and terrestrial estivation. We studied terrestrial 
behavior in this species in Palo Verde National Park, northwestern Costa Rica. We 
determined terrestrial activity patterns by searching for active individuals during transects 
along 3.4 km of trails. We determined the distance that turtles traveled between the 

et ands and estivation sites b  fittin  1  terrestria  active individ a s it  a t read
bobbin trac in  device attac ed to t e rear of t e carapace. e identified se  and mar ed 
and measured every turtle found active. We accumulated 92 observations of K. scorpioides 
active on and and e identified t o be aviors: trave in  and nestin . ese t rt es s o ed 
a bimodal activity pattern (χ2 = 18.1, p < 0.02, df = 8) with maximum activity during 
early morning hours (06:00 to 08:00 h) and twilight and early evening hours (16:00 to 
20:00 h). We found 41 turtles estivating in deciduous dry forest at an average distance (± 
SE) of 156.4 ± 13.7 m (range 20.9–304.9 m) from the wetland border (water´s edge). 
Adults estivated at greater distances from the wetland than did juvenile turtles, and males 
estivated at greater distances than females. Turtles found estivating were in three different 
habitats: leaf litter (85%), rock cavities (10%), and tree buttresses (5%). Kinosternon 
scorpioides was observed to estivate for at least 84 days in PVNP during the dry season. 
We recorded several behavioral traits that may account for its ability to withstand 
desiccation during the estivation period. Our work underscores the need to include 
terrestrial habitats when considering the conservation needs of semiaquatic turtles.
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Resumen
Movimientos terrestres, patrones de actividad y uso de hábitat por Kinosternon scorpioides 
(Testudines: Kinosternidae) en el Parque Nacional Palo Verde, Costa Rica. La tortuga candado, 
Kinosternon scorpioides, es una especie semiacuática ampliamente distribuida conocida por presentar 
movimientos terrestres regulares y estivación terrestre. Estudiamos el comportamiento terrestre de 
esta especie en el Parque Nacional Palo Verde, noroeste de Costa Rica. Determinamos sus patrones 
de actividad terrestre mediante la búsqueda de individuos activos en transectos a lo largo de 3,4 km 
de senderos. Determinamos la distancia que las tortugas viajaron entre el humedal y los sitios de 
estivación al seguir a 10 individuos activos en tierra a los que les pegamos un carrete de hilo en la 
parte posterior de  capara ón. dentificamos e  se o  marcamos  medimos todas as tort as e 
encontramos activas. Acumulamos 92 observaciones de K. scorpioides activas en tierra e identificamos 
dos comportamientos: viajar y anidar. Estas tortugas mostraron un patrón de actividad bimodal 
(χ2 = 18,1, p < 0,02, gl = 8) con máxima actividad durante las primeras horas de la mañana 
(06:00–08:00 h) y el crepúsculo y las primeras horas de la noche (16:00–20:00 h). Encontramos 41 
tortugas estivando en el bosque seco caducifolio a una distancia promedio (± SE) de 156.4 ± 13.7 
m (20.9–304.9 m) del borde del humedal (borde del agua). Los adultos estivaron a mayor distancia 
del humedal que las tortugas juveniles y los machos estivaron a mayor distancia que las hembras. Las 
tortugas que encontramos estivando las encontramos en tres hábitats diferentes: hojarasca (85%), 
cavidades rocosas (10%) y raíces triangulares de árboles (5%). Kinosternon scorpioides estivó 
durante al menos 84 días en el Parque Nacional Palo Verde durante la estación seca. Registramos 
varios rasgos de comportamiento que pueden explicar su capacidad para resistir la desecación durante 
el período de estivación. Nuestro trabajo subraya la necesidad de incluir hábitats terrestres al 
considerar las necesidades de conservación de las tortugas semiacuáticas.

Palabras clave: Bosque seco, Cambio climático global, Sitios de estivación, Tortuga candado, 
Tortugas de agua dulce.

Resumo
Movimentos terrestres, padrões de atividade e usio de hábitat em Kinosternon scorpioides 
(Testudines: Kinosternidae) no Parque Nacional de Palo Verde, Costa Rica. O cágado peito-de-
mola, Kinosternon scorpioides, é uma espécie semiaquática amplamente distribuída, conhecida por 
se envolver em movimentos terrestres regulares e estivação terrestre. Estudamos o comportamento 
terrestre dessa espécie no Parque Nacional de Palo Verde, noroeste da Costa Rica. Determinamos 
padrões de atividade terrestre por meio da procura de indivíduos ativos durante os transectos ao 
longo de 3,4 km de trilhas. Determinamos a distância que as tartarugas percorriam entre as zonas 
úmidas e os locais de estivação dotando 10 indivíduos terrestres ativos com bobinas de rastreamento 
na por o posterior da carapa a. dentificamos o se o e marcamos e medimos cada tartar a 
encontrada em atividade. Acumulamos 92 observações de K. scorpioides ativas em terra e 
identificamos dois comportamentos: des ocamento e nidifica o. ssas tartar as mostraram m 
padrão de atividade bimodal (χ2 = 18,1, p < 0,02, df = 8), com atividade máxima durante as 
primeiras horas da manhã (06:00–08:00 h) e o crepúsculo e as primeiras horas da noite (16:00–20:00 

. ncontramos 1 tartar as estivando em oresta seca dec d a a ma dist ncia m dia   de 
156,4 ± 13,7 m (intervalo de 20,9–304,9 m) da fronteira da zona úmida (borda da água). Os adultos 
estivaram a maiores distâncias da zona úmida do que os juvenis, e os machos estivaram a maiores 
distâncias do que as fêmeas. As tartarugas encontradas estivando encontravam-se em três diferentes 
habitats: serapilheira (85%), cavidades de rochas (10%) e raízes tabulares (5%). Observou-se que K. 
scorpioides estivou durante pelo menos 84 dias no Parque Nacional de Palo Verde durante a estação 
seca. Foram registradas várias características comportamentais que podem explicar sua capacidade 
de resistir ao dessecamento durante o período de estivação. Nosso trabalho ressalta a necessidade de 
incluir hábitats terrestres ao considerar as necessidades de conservação das tartarugas semiaquáticas.

Palavras-chave: Bosque seco, Cágados, Mudança climática global, Peito-de-mola, Sítios de estivação.

Mora and Castañeda
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Introduction

Turtles are among the most threatened groups 
of vertebrates worldwide due to anthropogenic 
factors such as direct consumption for food, 
development, agriculture, and land and water 
pollution (Cox et al. 2022, Tan et al. 2022). 
Over half of all turtle species are included in at 
least one threat category (Rhodin et al. 2018, 
Stanford et al. 2020, TTWG 2021, Cox et al. 
2022). In addition, rapid global change in climate 
patterns has the potential to further erode turtle 
populations (Lovich et al. 2018, Butler 2019). 
Increasing environmental temperatures are 
impacting spatial distribution, reproduction, 
physiological performance, behavior, and other 
life-history traits of ectothermic animals 
including turtles (Lovich et al. 2018, Berriozabal-
Islas et al. 2020, Stanford et al. 2020). Climate 
change is likely to have severe consequences on 
semiaquatic species that rely on the health of 
multiple adjacent habitats in order to survive.

Studies of activity and movements of 
freshwater turtles can potentially reveal how 
variation in environmental parameters (i.e., 
weather, temperature) impact resource 
acquisition, and therefore an organism’s life 
history (Rowe 2003, Rowe et al. 2009). 
Terrestrial activity of freshwater turtles has been 
widely documented and is known to be an 
important aspect of their ecology (Buhlmann and 
Gibbons 2001, Steen et al. 2012). Terrestrial 
behavior includes movements associated with 
nesting, hatchling emergence and transit from 
nests, dispersal of all life stages, movements to 
or from hibernating or estivating sites, and 
terrestrial migration in search of mates (Steen et 
al. 2012, Enders et al. 2021). Study of terrestrial 
movement patterns is a key aspect of chelonian 
conservation and survival (Burke and Gibbons 
1995), but many species are still relatively 
understudied (Enders et al. 2021). The abundance 
and distribution of a particular species is often 
determined by the availability of habitat. This 
must include all necessary resources in different 
habitats (food, water, refuge, and nest sites) to 

ensure the species existence (Litvaitis et al. 
1994). Aquatic or semiaquatic turtles that 
e perience seasona  ct ations of t eir a atic 
habitat may be forced to use terrestrial habitats. 
Many organisms under these circumstances will 
eit er ma e terrestria  mi rations to find ot er 
bodies of water or estivate until aquatic habitats 
are replenished (Ligon and Peterson 2002). 
Either way, the terrestrial habitat and its 
availability becomes an important component for 
the ecology and conservation of these organisms. 

Mud turtles of the genus Kinosternon are 
small mostly semiaquatic turtles inhabiting a 
wide variety of natural (streams, rivers, lakes, 
lagoons, seasonal or perennial ponds and 

et ands  and est aries  and artificia  a atic 
environments (drainage ditches, irrigation canals, 
reservoirs, and water tanks) throughout their 
distribution (Iverson et al. 2013, Butler et al. 
2016). They move overland for variable 
distances, approaching at least one km, in 
response to the seasonality of aquatic 
environments or in search of mates and/or nest 
sites (Cordero et al. 2012, Pérez-Pérez et al. 
2017). Kinosternon integrum Le Conte, 1854 has 
been observed to estivate at distances > 560 m 
from the nearest lakeshore in Michoacán, Mexico 
(Aparicio et al. 2018). Kinosternon subrubrum 
Bonnaterre, 1789 in the mid-Atlantic region of 
the United States traveled distances of 903 and 
887 m (Cordero et al. 2012). Even highly aquatic 
species such as Kinosternon leucostomum 
(Duméril, Bibron, and Duméril, 1851) can travel 
up to 600 m for nesting and estivating (Morales-
Verdeja and Vogt 1997, Cordero and Swarth 
2010). Multiple species in the genus rely on 
terrestrial activity. However, anthropogenic 
factors such as habitat fragmentation and 
urbanization cause loss of terrestrial connectivity 
that is required for populations of these species 
to survive or disperse to additional suitable 
habitat (Buhlmann and Gibbons 2001, Aparicio 
et al. 2018, Serrano et al. 2020). 

The Scorpion Mud turtle Kinosternon 
scorpioides (Linnaeus, 1766) is the most widely 
distributed species in the genus. It is distributed 

Terrestrial movements, activity patterns and habitat use by Kinosternon scorpioides
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from Mexico (Oaxaca in the west and Tamaulipas 
in the east), to southern Bolivia and northern 
Peru, Brazil and Argentina (Iverson 2010, Berry 
and Iverson 2011). It uses a variety of aquatic 
habitats throughout its range (Pritchard and 
Trebbau 1984, Ernst and Barbour 1989, Savage 

. t is common on t e acific s ope of 
Costa Rica where it inhabits nearly any body of 
shallow water but prefers habitats with abundant 
aquatic vegetation (Acuña-Mesén 1998). It is 
found in marshes, permanent and temporary 
ponds, streams, rivers, and swamps (Acuña-
Mesén 1998, Bedoya-Cañón et al. 2018). In 
Belize, K. scorpioides is known to move from 
drying ephemeral habitats through terrestrial 
environments into permanent streams as the dry 
season progresses (Moll and Moll 2004). It is 
also known to make substantial overland 
movements in Costa Rica (175–500 m from 
water), and to leave drying water bodies to 
estivate in adjacent terrestrial habitats (Teska 
1976, Acuña-Mesén 1998, Savage 2002, Moll 
and Moll 2004). However, no research has been 
devoted specifica  to t e detai ed st d  of 
terrestrial movements and terrestrial habits of 
this species. Because most climate models 
predict increases in temperature and seasonality 
in the tropics and other biomes, it is important to 
collect baseline data about the mechanisms by 
which organisms respond to present day seasonal 
droughts in order to predict their potential 
responses to c imate c an e tterfie d et al. 
2018). The main objective of this research was 
to determine the temporal and spatial terrestrial 
movement patterns of K. scorpiodes in a 
protected dry forest in northwestern Costa Rica, 
and to examine the relationship of this activity to 
daily temperature and humidity changes. 

 
Materials and Methods

We conducted our research in Palo Verde 
National Park (PVNP), an area of 19,800 ha in 
the northwestern lowlands of Guanacaste 
Province, Costa Rica (10°21 N, 85°21 W; Figure 
1). At this site annual average temperature is 

27°C, and annual precipitation is 2,296 mm 
(Castañeda and Mora 2010, Mora and Castañeda 
2021). The dry season lasts from December to 
April and the rainy season from May to 
November (Mora 1989). A large variety of 
habitats are represented in PVNP: including 
primary and secondary deciduous dry forest, 
riparian forest, savannas, and wetlands 
(Hartshorn 1983, Mora 1989). A single wetland, 
Palo Verde Marsh or Palo Verde Lagoon covers 
1,207 ha and accounts for 6.1% of the park’s 
area (Trama et al. 2009). It is formed by a mosaic 
of aquatic and woody vegetation (Trama et al. 
2009). During the rainy season, the lagoon’s 
water level can rise to 1.5 m, but it gradually 
declines until it dries out completely at the end 
of the dry season in April or May (Trama et al. 
2009).

We conducted our research from October 
2003 at the onset of the rainy season to November 
2004 at the end of the following rainy season. 
During these months we also monitored 
Guayacán waterhole, ca. 3 km west of the 
Hacienda Park Ranger Station. This natural 
waterhole varies in diameter from 4 m during the 
rainy season to 1 m during the driest months. As 
of 2001, it had apparently not gone completely 
dry for more than 25 years (Stoner 2001). It is 
the only source of water in the forest at our study 
area.

During the dry season, as the lagoon water 
level diminishes, mud turtles are commonly seen 
moving on land (Acuña-Mesén 1990). To 
determine daily terrestrial activity patterns, 
during the dry season of 2004 (February to May) 
we searched for active turtles by walking three 
transects. Transect A was a dirt road between the 
MINAE station and “Puerto Chamorro” on the 
Tempisque River (2000 m); transect B was a dirt 
road between the OTS station and the MINAE 
station (900 m); and transect C was a trail 
leading east from the MINAE station (500 m). 
All transects were oriented parallel to the ecotone 
between the wetland and the dry forest (Figure 
1). Surveys were conducted between 06:00 and 
24:00 h, and observations were divided into nine 

Mora and Castañeda
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Figure 1.  Study site at Palo Verde National Park in northwestern Costa Rica. 1 = Puerto Chamorro, 2 = MINAE 
station, 3 = OTS station, A = trail of 2000 m, B = trail of 900 m, C = trail of 500 m. 

periods of 2 hours each (i.e., from 06:00 to 08:00 
h; from 08:01 to 10:00 h … from 22:01 to 24:00 
h). We walked transects during 4–5 periods each 
day chosen randomly but making sure all nine 
time periods were covered three times each 
week. We searched for active mud turtles for 57 
days (16 in February, 15 in March, 14 in April, 
and 12 in May). During these days, we actively 
searched for a total of 233 person-hours. To 

determine variation in terrestrial movements 
throughout the day we kept records of the 
sampling effort and the number of active turtles 
found for each 2 hours period. The frequency of 
active turtles was given by the number of 
individuals found moving per unit search time 
during each of the nine periods. We individually 
identified se  and mar ed and meas red eac  
turtle captured. We also recorded the direction 

Terrestrial movements, activity patterns and habitat use by Kinosternon scorpioides
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each turtle was traveling. Measurements included 
curved carapace length (CCL, type D of Iverson 
and Lewis 2018) and curved carapace width 
(CCW) in mm to the nearest 1 mm taken with a 

e ib e meas rin  tape  and bod  mass to t e 
nearest 0.1 g (using either a 300 g or a 1,000 g 
capacity Pesola spring balances). Turtle activity 
was correlated with ambient temperature and 
humidity using data from the OTS facility 
weather station. The station automatically 
records readings every 30 min, which allowed us 
to constr ct a profi e of temperat re and midit  
from 06:00 to 24:00 h during the study months. 

To determine the distance that turtles travel 
from t e et and to t e estivation sites  e fitted 
10 individuals found active on land with a 
thread-bobbin tracking device, which we 
attached to the rear of the carapace (Wilson 
1998). Turtles equipped with thread bobbins 
were released within a few hours, at their capture 
location. We attached the free end of the thread 
to the vegetation, which allowed the thread to 
unwind as the turtle walked away. Twenty-four 
hours later we followed the thread until we found 
the turtle. We also searched for estivating turtles 
in the leaf litter using a hand rake, and between 
tree buttresses and rock crevices. Searches for 
estivating turtles were carried out to a maximum 
of 350 m from the wetland. We marked each site 
where an estivating turtle was found and 
determined the geographic location (using a 
Garmin Geko 201 GPS). GPS points were 
plotted on an Ikonos satellite image of PVNP 
and the straight-line distance from the wetland 
defined as t e ater s ed e  to eac   point 

(estivating site in the dry forest) was measured 
in m using ArcGIS 3.2 (Esri Inc. 2002). All 
turtles equipped with thread bobbins moved 
mostly in straight lines (south to north) from the 
wetland to the estivating sites in the forest. Thus, 
a straight-line movement was assumed for all 
turtles found estivating. 

We recorded data for each turtle found 
estivating including microhabitat or refuge 
selected. We measured the temperature of 13 

estivation sites  and midit  in five sites. e 
took readings inside and outside estivating 
refuges during the hottest time of the day (11:00 
to 14:00 h). To measure air temperature and 
humidity we used a digital hygro-thermometer 
(model 445582 Extech Instruments), and for soil 
temperature we used a digital thermometer 
(model HI-145-30 Hanna Instruments).

Turtles were assigned to 10 mm size-class 
categories, but for some analyses were assigned 
only to age class: juvenile or adult. To determine 
age class, we used the size of the smallest known 
mature female of K. scorpioides (Savage 
2002): 122 mm straight-line carapace length 
(CSL). Since we used CCL in our study, we 
measured the CSL and the CCL of 103 mud 
turtles from PVNP (Castañeda and Mora 2010), 
and found the mean difference to be 22.9 mm. 
Thus, we considered all individuals < 140 mm 

 to be veni es  and a  meas rin   1 1 
mm to be adults. 

We tested the relationship between activity 
and humidity, activity and temperature, and 
turtle size and distance moved from the wetland, 
using a Pearson correlation (α = 0.05). We 
tested for differences in distances from the 
wetland among sex and age of turtles with the 
Mann-Whitney U test (α = 0.05) in SYSTAT 9 
for Windows (Systat 9 1999). Measurements and 
all other calculations are given as mean ± SE. 

Results

During this study, we observed a total of 92 
Kinosternon scorpioides active on land during 
both dry and rainy seasons, and two behaviors 

ere identified: trave in  and nestin . e did 
not observe feeding or social behavior on land. 
All turtles reacted to observers by closing their 
p astron en e approac ed. fter five to 1  
min of handling (for measurements and marking) 
most turtles emptied their urinary bladder and 
liberated a strong musk odor.

During the dry season of 2004, we found 76 
mud turtles actively moving on land between 

Mora and Castañeda
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February and May; 18 were juveniles and 58 
were adults of both sexes (Figure 2). Turtles 
were already leaving the wetland and entering 
the forest to estivate by early February. All 
turtles we observed from February to April were 
moving from the wetland towards the forest 
(south to north). During February we followed 
12 females moving from the wetland to the forest 
where they nested. After nesting they returned to 
the wetland. We found actively nesting females 
between 07:00 and 10:00 h and between 15:00 
and 23:00 h (Mora and Castañeda 2021). During 
April, we found three turtles moving on land 
(south to north) after a single isolated heavy rain 
event. During May we found only one turtle 
moving north (towards the forest), but from the 
last week of May onwards, all active turtles were 
moving back from the forest to the wetland 
(north to south). During the dry season we 
recorded the highest terrestrial activity in March 
and the lowest in April (Figure 3). During this 
dry season (2004) we found only two K. 
scorpioides in Guayacán waterhole before it was 
completely dry by the end of March. 

During the rainy season of 2004 (October and 
November), we found 16 K. scorpioides active on 
land. Fourteen of these individuals were females 
(four were nesting). The two males found on land 
were less than 1 m from the water; females were 
farther from water (some more than 200 m). 

Kinosternon scorpioides in PVNP showed a 
bimodal daily activity pattern (χ2 = 18.1, 
p < 0.02, df = 8; Figure 4), with maximum 
activity during early morning hours (06:00 to 
08:00 h) and twilight and early evening hours 
(16:00 to 20:00 h). Their daily activity pattern 
was positively correlated with relative humidity 
b t not si nificant  r2 = 0.33, p = 0.11, 
N = 12) and barely negatively correlated with 
ambient temperature (r² = 0.37, p = 0.08, 
N = 12) during the day (from 06:00 to 24:00 h). 
During night hours (from 18:00 to 24:00) turtle 
activity diminished even though ambient 
temperature continued to drop and humidity 
continued to increase (Figure 5).

We found 41 estivating turtles in the 
deciduous dry forest north of the wetland (Figure 
1) at an average distance of 156.4 ± 13.7 m 
(range 20.9 to 304.9 m) from the wetland border 
(water´s edge). Adults (N = 28) were found at a 
si nificant  reater distance from t e ater 
(183.2 ± 15.0 m) than juveniles (N = 3) 
(98.7 ± 21.3 m) (U = 274.5, p = 0.009). The 
average distance traveled by males (190.7 ± 25.6 
m, N  1  as not si nificant  different from 
that traveled by females (163.2 ± 18.4 m, 
N = 19) (U = 94.5, p = 0.26). Most juveniles 

ere fo nd it in t e first 1  m from t e 
wetland, females were more evenly distributed 
from 0 to 300 m, and males tended to be found 
at the farthest distances (Figure 6). The largest 
number of turtles was found between 50 and 100 
m from the wetland, and only one individual was 
found between 300 and 350 m. Estivating turtles 
ranged in size from 85 to 214 mm CCL (Figure 
2), from 77 to 189 mm CCW, and from 59 to 
870 g. There was a direct but very weak 
relationship between turtle size and distance 
from the wetland to estivating sites 
(CCL: r² = 0.20, p = 0.003; CCW: r² = 0.18, 
p = 0.005; weight: r² = 0.15, p = 0.009). 

Turtles found estivating were in three 
different types of habitats: leaf litter, rock 
cavities and bet een tree b ttresses. irt five 
turtles (85%) estivated under leaf litter; these 
individuals constructed a shallow form in the 
soil (about 5 cm deep) that covered the plastron 
and the lower half of the carapace, while the rest 
of the shell was covered by leaves. Four turtles 
(10%) were found estivating inside natural 
limestone cavities, and two (5%) were found 
between tree buttresses. When measured during 
the hottest time of the day (11:00 to 14:00 h), the 
estivation sites maintained lower temperatures 
and higher humidity than the environment 
external to the refuge. Average temperature was 
29.6 ± 0.5°C and 34.3 ± 0.6°C inside and 
outside refuges respectively. Average humidity 
was 59.9 ± 6.2% and 41.1 ± 3.8% inside and 
outside refuges, respectively. 

Terrestrial movements, activity patterns and habitat use by Kinosternon scorpioides
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Figure 2.  Population size structure of Scorpion Mud 
turtles (Kinosternon scorpioides) (N = 76) 
found on land during the dry season of 2004 
(February to May), in Palo Verde National 
Park northwestern Costa Rica. Black bars = 
females, white bars = males

Figure 3.  Number of Scorpion Mud turtles (Kinosternon 
scorpioides) active on land from February to 
May 2004 in Palo Verde National Park, 
northwestern Costa Rica. White bars = 
females, black bars = males, gray bars = total

Figure 4.  Number of individuals of Scorpion Mud turtles 
(Kinosternon scorpioides) active during each 
2-hour sampling period in Palo Verde 
National Park, northwestern Costa Rica. 

Discussion

In PVNP, during the dry season, Kinosternon 
scorpioides engages in terrestrial activity 
apparently for only two purposes, either to 
estivate or to nest. Feeding and social behavior 
were never observed in this species while on 
land. Nesting seems to be the main purpose of 
the terrestrial activity observed during the rainy 
season. Turtles that abandoned the wetland 
during February would have to spend 80 days or 
more estivating in the forest. Moreover, since the 
dry season in PVNP begins in December, it is 
possible that some individuals migrated as early 
as January. The seasonal drying of wetlands is 
well-known to force aquatic turtles to move to 
other wetlands, e.g., Clemmys guttata (Schneider, 
1792) (Rowe et al. 2013), and Sternotherus 
odoratus (Latreille, 1802) (Seburn and Burns 
2021). Because no other water source is available 
for K. scorpioides in PVNP, the turtles that 
migrated to the forest do not have access to 
water (the waterhole dried out by March) and 
must estivate until they return to the wetland in 
May or during an occasional rain in April. The 
distance from estivation sites to the wetland 
were only weakly related to individual size 
(Figure 6), as was found for Kinosternon 
leucostomum in Mexico (Morales-Verdeja and 
Vogt 1997). 

Many individuals of K. scorpioides have 
been found buried under mud and dry aquatic 
plants in the wetland during April and May 
(Castañeda and Mora 2010) suggesting that not 
all turtles leave the wetland and enter the forest 
to estivate (Acuña-Mesén 1990). Although, the 
dry season in PVNP starts in December, in a 
normal year the wetland holds water until March 
and some small, scattered puddles remain even 
nti  t e first a f of pri . s  t rt es t at 

remain in the wetland would be able to 
si nificant  s orten t e inactivit  and 
deprivation period, probably to only about 30 
days or even less. Why some individuals of K. 
scorpioides start to migrate to the forest of 
PVNP during February (not counting nesting 

Mora and Castañeda
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Figure 6.  Frequency expressed as 100% at each 
distance category of estivating individuals of 
Scorpion Mud turtles (Kinosternon scorpioides) 
by sex, and age, in Palo Verde National Park, 
northwestern Costa Rica. White bars = 
females, black bars = males, gray bars = 
juveniles

Figure 5.  Scorpion Mud turtles (Kinosternon scorpioides) daily activity pattern (number of individuals found moving 
per 2-hr unit) correlated to ambient temperature (A), and to ambient relative humidity (B) in Palo Verde 
National Park, northwestern Costa Rica.

Terrestrial movements, activity patterns and habitat use by Kinosternon scorpioides

females) when there is still plenty of water in the 
lagoon, and what factors determine which 
individuals stay in the wetland and which 
migrate to the forest, remain unknown.

Because of the physiological constraints of 
ectothermy, environmental parameters such as 
temperature and humidity have an important 
effect on the activity patterns of turtles. 
Terrestrial movements by Kinosternon integrum 
in Mexico clearly relate to seasonality and 
especially rainfall (Pérez-Pérez et al. 2017). 
Individuals of Kinosternon baurii (Garman, 
1 1  in orida spend a si nificant amo nt of 
time on land when aquatic areas dry out (Stemle 
et al. 2019). Apparently, heavy rainfall initiates 
mass migration in this species and extreme 
temperature inhibits terrestrial movement 
(Wygoda 1979). As was observed in this study, 
seasonal terrestrial movement may involve 
nesting as well as estivation. Seasonal drying of 
a lake and the nesting season induced terrestrial 
activity in K. leucostomum in Veracruz, Mexico 
(Morales-Verdeja and Vogt 1997). In Nebraska, 
female K. flavescens moved to nest sites, 
excavated a body cavity, and dug an additional 

nest cavity, and then often remained buried with 
the eggs for up to 38 days (Iverson 1990). 
Kinosternon subrubrum also remain buried after 
nesting up to 29 days until the next rainstorm 
(Burke et al. 1994). Several of these mud turtles 
used estivation sites within forests to afford 
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protection from high temperature, dehydration 
and predation (Wygoda 1979, Morales-Verdeja 
and Vogt 1997). 

During the dry season in PVNP, the average 
daily temperature exhibited a range of 6.5°C, 
changing from a low of 26.7°C in early morning 
and late afternoon hours to 33.2°C during 
midday hours. However, environmental tempera-
tures in the study area were relatively uniform 
across all days with readings (Mora and 
Castañeda 2021). Additionally, average daily 
humidity varied from 60 to 71% in late afternoon 
and early morning hours to 44% during midday 
hours. Thus, the bimodal activity pattern 
exhibited by K. scorpioides in PVNP (Figure 4) 
is a convenient mechanism to reduce the risk of 
dehydration and avoid extreme temperatures 
while migrating terrestrially during the dry 
season. In the forest, turtles remained buried 
mainly in leaf litter, or hid in rock cavities or 
among tree buttresses, which further protects 
estivating turtles from desiccation and predation. 

 Several behavioral traits of Kinosternon 
scorpioides may account for its ability to 
withstand desiccation during the estivation 
period in PVNP (prompted by an extended dry 
season and the reduction or disappearance of 
their aquatic habitat): (1) the use of estivating 
refuges with a lower temperature and higher 
humidity than the environment; (2) a bimodal 
daily activity pattern that ensures the turtle´s 
terrestrial movements occur during hours with 
optimum conditions of ambient temperature and 
humidity; (3) juveniles (which are more prone to 
dehydration than adults) travel shorter distances 
than adults from the wetland to estivation sites; 
and (4) the storage of water in the urinary bladder 
might be a possibility given our observation of 

id voidin  d rin  and in . 
There are many seasonal wetlands in 

northwestern Costa Rica that probably support 
local populations of K. scorpioides. The results 
of this study provide basic information to 
promote the conservation of these populations 
that are not in protected areas. Agriculture, 
development and logging are the top threats to 

reptiles (Cox et al. 2022). These factors 
negatively impact uplands adjacent to wetlands 
that are used by turtles as critical components of 
their overall habitat (Buhlmann and Gibbons 
2001). The negative effects of these threats could 
lead to local extinctions, the prelude to a species 
global extinction. 

Clearly, terrestrial habitats are vitally 
important for aquatic and semiaquatic turtles 
(Buhlmann and Gibbons 2001, McKnight and 
Ligon 2019). The core area needed to protect 
nesting, estivation and hibernation, and other 
terrestrial activities, varies by species (Steen et 
al. 2012), but detailed data are essential to 
conservation. For example, to protect 100% of 
the K. scorpioides nests at PVNP, the core 
protected area would have to extend 175 m from 
t e et and  b t protection of t e first  m from 
the wetland would protect 86.4% of nests (Mora 
and Castañeda 2021). This observation about the 
use of terrestrial environments by K. scorpioides 
in PVNP illustrates how studies like the one 
reported here are necessary to ensure the future 
of species that are very often associated only 
with wetland habitats in the public view. We 
have been able to show that adjacent terrestrial 
habitats are indispensable for this mud turtle 
species. 
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