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abstract

From January to June 2021, mark-recapture and biometric data were 
collected from a population of blue crab, Cardisoma crassum Smith, 1870, 
from Ponuga, in Veraguas, Panama. Recapture histories of 163 crabs indicate 
strong burrow fidelity. During the dry season ( January-March) burrow 
fidelity was 73.2 %, while in the rainy season (April–June) it was 50.7 %. 
Population was estimated at 2,569 crabs in 10.93-ha with a density of 
0.024 ind. m-2. Cephalothorax width averaged 63.62 ± 6.37 mm for males 
(50.95–78.01 mm, N = 83) and 61.90 ± 5.47 mm for females (53.21– 
77.78 mm, N = 80). Blue crab reproductive season was traditionally known 
to take place just during the rainy season. Here, we report ovigerous females 
in February and March (dry season), suggesting reproduction may occur 
throughout the year in Panama. This is the first report of burrow fidelity and 
continuous biometry measurements in natural conditions for C. crassum. 
Burrow fidelity seems to be closely related to abiotic factors and is different 
between dry and rainy seasons. 
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intrOductiOn

Crustacean decapod species are ecologically 
important within mangrove ecosystems; many are 
also important food and economic resources for 
coastal human communities (Fischer et al., 1995; 
Arzola-González et al., 2010). Several decapods clearly 
exhibit site fidelity (Cannicci et al., 1995; Vannini and 
Cannicci, 1995), which can change adaptively (Ens et al., 
1993) with landscape and variables such as body size, 
frequency of habitat f looding (Cannizzo and Griffen, 
2016; Nuñez et al., 2018), and reproductive events 
(Green, 2004; Moraes-Costa and Schwamborn, 2018). 

Crab site fidelity is important because it can affect 
the structure of prey through philopatric, site-specific 
predation (Poirier et al., 2017). Crabs can affect 
plant species composition by seed predation and/or 
selectively grazing on plant propagules (Smith, 1987; 
Smith et al., 1989). This can favor or limit particular 
plant species recruitment, playing a significant role 
in structuring mangrove communities (Smith, 1987; 
Smith et al., 1989; Wolcott and O’Connor, 1992; 
Lindquist et al., 2009).

The blue crab Cardisoma crassum Smith 1870 is 
a common resident of mangrove ecosystems in the 
Panamanian Pacific. Its distribution ranges from 
Espiritu Santo Island, Baja California (Mexico) to 
San Pedro de Vice in Piura, Peru (Fischer et al., 1995; 
Alemán and Ordinola, 2017). 

Blue crabs are mainly herbivores (Vargas-Téllez 
and Vázquez-López, 2016; Alemán and Ordinola, 
2017). The burrows dug by C. crassum are complex, 
often over 2 meters deep and normally located in 
drier, high areas of mangroves with a water reservoir 
at the bottom of the burrow (Bright, 1977). Resident 
blue crabs can occasionally block their burrows by 
plugging the entrance with excavated mud, forming 
low mounds (R. Lombardo, personal observation).

Available information on C. crassum is comprised 
of a limited number of ecological studies (Hidalgo, 
2012; Alemán et al., 2018), in addition to population 
and fishery (Vázquez-López et al., 2014; Vargas-Téllez 
and Vázquez-López, 2016; Alemán and Ordinola, 
2017; Vega et al., 2018), and growth research (Tabares-
Berón, 2014; Vázquez-López and Ramírez-Pérez, 
2015; Molina-Ortega and Vázquez-López, 2018; 
Zambrano and Olivares, 2020). In Panama, Vega et al. 

(2018) conducted the only study to date on a blue 
crab artisanal fishery on the northeastern side of the 
Montijo Gulf. 

These studies report valuable measurements; 
however, behavioral studies of C. crassum are lacking, 
and this aspect might have particular importance due to 
the observed relationship between individual crabs and 
their burrows (R. Lombardo, personal observation).

Burrow structure and use by multiple species of 
other gecarcinid crabs have been studied (Herreid and 
Gifford, 1963; Braithwaite and Talbot, 1972; Bright, 
1977; Bliss et al., 1978; Green, 2004); however, to our 
knowledge, there is no published information about 
site fidelity and ecological interactions affecting this 
behavior in C. crassum.

Data on behavioral ecology together with biometry 
data are important for resource management because 
changes in behavior may affect the vulnerability 
of a species to overharvesting (Moraes-Costa and 
Schwamborn, 2018). Moreover, information about 
population f luctuations in biometry (size at sexual 
maturity, sex ratio and growth rate) allows us to 
propose adequate measures to promote sustainable 
stock use (Cardona et al., 2019; Quiñones-Llópiz 
and Rodriguez-Fourquet, 2019; Schwamborn and 
Moraes-Costa, 2021). Currently, the blue crab fishery 
is not regulated, and the stock status is unknown in 
Panama (Vega et al., 2018). 

The construction and maintenance of burrows can 
be costly activities due to the time and energy invested; 
hence sustained use, burrow fidelity and defense 
against usurpers are expected (Christy, 1987; Tina et 
al., 2017). The high value (survival and reproductive) 
that burrows represent for crabs (Christy, 1987, 
2007; Green, 2004; Zeil and Hemmi, 2006) and the 
effort required for construction and maintenance 
(Bright, 1977), can give rise to strong intraspecific 
and interspecific competition (Linsenmair, 2007). 

This scenario implies that changes in burrow 
fidelity by C. crassum could have significant impact on 
mangrove structure, as well as on the crabs themselves 
with unknown consequences. For example, mangrove 
plant species composition could shift due to changes 
in grazing intensity (Wolcott and O’Connor, 1992; 
Lindquist et al., 2009), or blue crab predation risk 
can increase due to changes in burrow fidelity  
(Koga et al., 2001). 
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Therefore, our main objective was to establish 
recapture histories of marked blue crabs to evaluate 
burrow fidelity. In doing so, data on biometric variables 
was gathered to further characterize the population 
under study. 

Material and MethOds

Study site
The study site is located at the Ponuga River 

(watershed 122) in Veraguas, Panama (Fig. 1A). 
The mangroves in the study site grow on alluvial 
plain sediments and stabilized riverbeds (Instituto 
Geografico “Tommy Guardia”, 1988). 

The sampling polygon is part of a highly intervened 
mangrove area, bordering cattle ranching grounds, 
which only f lood during the highest tides (Fig. 1B). 
The total polygon area was calculated using ArcGIS 
10.7.1. (Esri, 2019).

Tree species such as Prioria copaifera, Rhizophora 
racemosa, Pelliciera rhizophorae, Avicennia germinans, 
shrub-forming ferns Acrostichum aureum and 
Hymenocallis littoralis lilies, dominate the plant 
assemblage (R. Lombardo, personal observation). 

January to March comprise the dry season with 14 
days of rain-month on average and a maximum rainfall 
of 118.9 mm. In 2021, the rainy season was from April 
to June with 27.8 days of rain-month on average and  
553.4 mm of rainfall, with a peak of 781.5 mm of 
rainfall in June (ETESA, 2021). 

Sampling procedure
Sampling was carried out at the end of each month 

from January to June 2021 for five days. Within the 
sampling site, a trail of burrows was established based 
on visual confirmation of occupation, entrance size 
and recent activity signs. 

Besides visual confirmation of C. crassum presence, 
burrow occupation signs may also include freshly 
excavated mud outside the burrow, fresh feces pellets 
and/or fresh plant remains at the entrance (Fig. 2A, 
B). When a burrow met these criteria, a wooden 
artisanal trap of 25.5 cm width and 13.3 cm length 
(Fig. 2C) was set to capture crabs without injury and/
or destroying the burrow. 

During sampling, each trap was baited and 
positioned at the entrance of a burrow for 24 h and 

inspected every hour (6:15 a.m. to 5:00 p.m.). Bait 
items consisted of yuca (Manihot esculenta), coconut 
(Cocos nucifera) and ripe plantain (Musa paradisiaca). 
The proportion of successful/failed trap setting was 
recorded. Past 5:00 p.m., traps were left baited and 
activated through the night. If unsuccessful they were 
relocated to a different burrow the next morning. 

Mark-recapture procedure
Once trapped, data recording began in situ with the 

date and time of capture; crabs were then inspected for 
missing appendages, as a proxy for overall individual 
condition. The sex of crabs was determined by the 
shape of the abdomen (Fischer et al., 1995), and female 
reproductive status was recorded as: ovigerous or 
spawned (Solano and Moreno, 2009). 

Major chelae height (QH), cephalothorax length 
(CL), cephalothorax width (CW), third and fourth 
propodal length (P3 and P4) as well as third and 
fourth carpal length (C3 and C4) were measured 
with a digital vernier caliper (0.1 mm). Afterwards, 
individuals were given a numeric mark with quick 
drying white enamel paint and a double layer of 
sealant varnish (Fig. 2D). After the paint dried, 
individual total weight (TW) was recorded using a 
digital balance (0.01 g). 

Processed crabs were then released into the 
burrow of origin, which was also marked with the 
corresponding ID number and its location coordinates 
noted (Garmin Etrex 20 GPS). If crabs were recaptured, 
the above-described routine was repeated using yellow 
enamel paint instead. 

Burrow fidelity
Fidelity was defined as the number of accumulated 

recaptures in the same burrow by a specific individual. 
We revisited all marked burrows and assessed burrow 
fidelity by calculating the proportion of blue crabs 
(pooled and by sexes) that were recaptured in 
their corresponding burrow, expressed as the total 
proportion of individuals recaptured at each previous 
sampling campaign. 

Crabs from marked burrows that were later 
found blocked (Fig. 2B) were excluded from the 
total proportion of recaptured individuals due to 
impossible recapture and ID uncertainty; if the burrow 
was found reopened, then recapture was attempted. 

http://www.editoraletra1.com.br
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Figure 1. Sampling site located in the estuarine region of Ponuga, Veraguas, Panama. Site location (green circle) within watershed 
#122 (A). Cardisoma crassum burrow layout within 10.93-ha sampling polygon (B). Cartographic parameters: UTM projection 
(Universal Mercator transverse -17N, horizontal datum: World Geodetic System 1984 (WGS-84), vertical datum: Medium sea 
level of WGS-84 geoid.

http://www.editoraletra1.com.br
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Instances of mortality indicated by remains of 
marked crab carapaces were considered as recaptures 
if found in the immediate vicinity (< 1 m) of the 
corresponding marked burrow. We also recorded 
instances of individuals captured in a burrow other 
than its marked one, as well as unmarked (new) 
individuals found in a previously marked burrow. 

Biometry
Sex ratios per month were tabulated and compared 

across months with Chi-square tests. Descriptive 

statistics of all individual first captures were generated 
and possible differences in biometry between the sexes 
were explored with the Student’s t-test. Comparison 
of these biometric data variables across sampling 
campaigns was conducted using one-way ANOVA. 

Linear regression (stepwise) was used to identify 
the best predictors of CW. Since cephalothorax 
width is the most common proxy for crab fishery 
assessment, it was considered as the independent 
variable for the analysis using the pooled data as 
well as by sex. Regression was used to estimate the 

Figure 2. Cardisoma crassum burrow features. Active burrow with feces in the entrance (A). Blocked burrow with fresh plug during 
dry season (B). Artisanal wooden trap (C). Enamel paint and sealant application (D).

http://www.editoraletra1.com.br
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relationship between burrow entrance diameter (BD) 
and biometric variables. Differences in biometric 
variables were explored comparing their recorded 
increments across accumulated recapture events. 
For CW increments a one-way ANOVA and Tukey’s 
pairwise comparison test were used, while TW 
increment data were analyzed using Welch’s ANOVA 
with the Games-Howell pairwise comparison to 
adjust for sample size and non-normality. Differences 
in TW between sexes were explored with a Mood’s 
median test. 

Relative condition factor
The relative condition index (Huxley, 1950; Le 

Cren, 1951) was used to infer the general status 
(Froese, 2006; Bello-Olusoji et al., 2010; Wang et 
al., 2011; Molina-Ortega and Vázquez-López, 2018) 
of the C. crassum population in our study site, with 
the following equation: 

where Kn represents the estimated relative 
condition factor, a and b are the exponential forms 
of the intercept and slope, from the logarithmic 
length-weight equation (Le Cren, 1951). Relative 
condition factors were calculated separately for the 
pooled data and by sex. The resulting condition factors 
were compared with a Mann-Whitney test. We also 
evaluated these condition factors across sampling 
campaigns (different months) and compared them 
with a Mood’s median test accordingly. 

Estimates of population size and density
Capture histories from our mark-recapture 

procedure were recorded on a 1–0 format from January 
to June for each individual. The blue crab population 
at each month was estimated using the Jolly-Seber 
method for multiple mark-recapture events from an 
open population (Pollock et al., 1990; Seber, 2002). 

Within R, the FSA package was used to summarize 
the capture history data file through the function 
“capHistSum()”. Then, the function “mrOpen()” 
was applied to estimate the population size (N) 
at each sample period, the apparent survival rate 
(φ) and number of immigrating individuals to the 

population (B) between sampling campaigns. The 
function “confint()” allowed calculation of 95 % 
confidence intervals for each of the population 
estimates and related parameters (Ogle et al., 2021; 
R Core Team, 2021). 

The population estimates obtained correspond 
to the burrow trail area (2 m width × total trail 
length). To obtain abundance and density estimates 
for the entire sampling site, equivalence between 
estimated trail population and the polygon area was 
used (Seber, 2002).

A separate 100 m-2 plot was also established within 
the study site to record the number of burrows, which 
were active, blocked, and inactive during the study 
period. This allowed calculating C. crassum burrow 
density (indirect population estimate) and detect 
changes in activity pattern. 

results

Sampling procedure
A total of 163 individuals were sampled during the 

study period of which, 83 were males and 80 females 
with a statistically even sex ratio at 1.03:1 (χ2 = 0.055, 
P = 0.814). 

Trap success (336/676) and failure (340/676) 
proportions were not significantly different (χ2 = 0.024, 
P = 0.878). Bait and trap success were not associated  
(χ2 = 1.53, P = 0.47) but there was a significant 
association between trap success and month (June 
ratio: 1.97, χ2 = 31.40, P < 0.001). The highest trap 
success was 66.3 % in June, while the lowest was  
38.8 % in January. There was no association between 
individual’s sex and bait preference for plantain, 
coconut or yuca (χ2 = 2.06, P = 0.36).

In January, 21.3 % of crabs had one missing 
pereiopod with males and females at an even 
proportion. The corresponding values for February 
and March were 10.5 % and 13.3 % at an even sex 
ratio, respectively. April had 11.5 % of crabs missing 
a limb, all females, while May had 13.0 % at an even 
sex ratio. In June, no first capture crabs with missing 
limbs were recorded. The proportion of crabs missing 
limbs was not associated with the month (χ2 = 3.28, 
P = 0.66), but there was a decrease in the proportion 
of missing limb individuals and their accumulated 

http://www.editoraletra1.com.br
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recaptures during the sampling period (χ2 = 13.91, 
P = 0.008).

Sex, month and their interaction had no effect in 
TW (two-way ANOVA; month: F(1,5) = 0.34, P = 0.88; 
sex: F(1,1) = 0.49, P = 0.49; interaction: F(1,5) = 0.26, P 
= 0.93) or CW of crabs missing pereiopods (two-way 
ANOVA; month: F(1,5) = 0.45, P = 0.81; sex: F(1,1) = 
0.05, P = 0.83; interaction: F(1,5) = 0.28, P = 0.92).

We confirmed 10 mortality events by predation 
on marked individuals, one in February (female), five 
in March (males) and four in April (2 males and 2 
females). Remains consisted of empty carapaces and/
or chelae in the immediate vicinity of corresponding 
(intact) burrows. 

Burrow fidelity
Out of 163 individuals in the study, 83 were 

recaptured (51 %) at varying frequency. The highest 
frequency of multiple recaptures was attained by one 
female (#38), captured in the same burrow during 
six consecutive months. Seven individuals were 
recaptured five times, 11 individuals four times, 23 
three times, 41 crabs were recaptured twice, and 79 just 
once for a total of 315 accumulated recapture events. 

When correcting for burrow blockage, the 
proportion of blue crabs (pooled) that were recaptured 
in their corresponding burrow, expressed as the 
total proportion of individuals recaptured at each 
month, changed. 

For example, in February there were 47 marked 
crabs (from January) available for recapture. In the 
February sampling, 19 of these 47 burrows were 
found blocked with mud by the resident crabs; thus, 
we excluded them from the proportion calculation 
of recaptured vs. total available burrows (corrected), 
for that month. The burrow fidelity proportion was 
then calculated based on 28 individuals, for instance, 
crabs in February had 64.3 % burrow fidelity (18/28 
recapture proportion; Fig. 3A). 

During the dry season (January-March) burrow 
fidelity was 73.2 % (H0: p = 0.6; P = 0.022), while 
in the rainy season (April-June) it was 50.7 % (H0: 
p = 0.6; P = 0.006). Dry and rainy season fidelity 
proportions were significantly different (H0: p = 0; P 
< 0.001), however, the sex of individuals and burrow 
fidelity were not associated (χ2 = 0.390, P = 0.532). 

Fidelity was positively correlated with overall 
temperature records (ETESA, 2021) for the region 
during the study period (Pearson, r(4) = 0.887,  
P < 0.05; Fig. 3A); month, precipitation, and  
number of active burrow correlations with fidelity 
were found to be negative, but not significant.

We recorded 23 instances of burrow ownership 
change, with one in February, two in March, four in 
April, 13 in May, and three in June. These proportions 
were significantly different (χ2 = 88.1, P < 0.001), 
but the sex ratio of new tenants remained even (χ2 = 
0.043, P = 0.835). 

The proportion of female to male tenant switch in 
burrow occupancy was 26.1 %, male to female 21.7 %, 
male to male 21.7 % and female to female 30.4 %, but 
there was no difference between these proportions  
(χ2 = 2.08, P = 0.56). There was no difference in CW 
or TW between previous and the new occupant crabs 

Figure 3. Monthly ( January to June 2021) burrow fidelity and 
temperature correlation in Cardisoma crassum from Ponuga, 
Veraguas, Panama (A). Number of active, inactive, and blocked 
burrows in a 100 m-2 plot along the sampling period (B). Active 
burrows (circle); inactive burrows (square); blocked burrows 
(triangle). 

http://www.editoraletra1.com.br
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(CW; t = -0.23, df = 44, P = 0.819 and TW; t = -0.29, 
df = 44, P = 0.78). 

Biometry
The pooled mean CW was 62.84 ± 6.01 mm 

(50.95–78.01 mm, N = 163). Significant difference 
was found in biometric variables across months except 
in CL (one-way ANOVA, F(1,162) = 1.83, P = 0.11). 
Male CW averaged 63.62 ± 6.37 mm (50.95–78.01 
mm, N = 83) and 61.90 ± 5.47 mm for females (53.21– 
77.78 mm, N = 80). There was a weak, but not 
significant, trend indicating larger male CW (t = 
1.85, P = 0.07). Comparison between male and female 
biometric variables indicated significant differences in 
QH, P3, P4 and TW (Tab. 1), with males being larger 
and heavier.

The relationship between biometric variable 
predictors and CW was confirmed (r2 = 0.847, F(4,162) = 
219.68, P < 0.001) along with the following equation:

CW = 25.46 + 0.09365 TW + 0.2421 CL + 0.411 
P4 + 0.343 P3

TW, CL and P3 were the best predictors of male 
(r2 = 0.826, F(3,80) = 121.98, P < 0.001) and female 
CW (r2 = 0.836, F(3,69) = 111.78, P < 0.001) (Fig. 4). 

Large burrow entrance diameter (BD) did not 
translate to large resident crabs (r2 = 0.159, F(4,19) = 
1.01, P = 0.416) as 80 % of burrow diameters (113.01 
mm) were above the CW maximum value, and this 
proportion was significant (H0: p = 0.5; P = 0.006). 
On average, C. crassum CW was 18.06 mm smaller 
than their BD (Tab. 2). 

There was a difference between CW monthly 
increments (one-way ANOVA, F(1,134) = 10.06, P < 
0.001). The April–May period had the highest CW 
average increase 1.01 ± 0.349 mm (1.77–0.36 mm, 
N = 16), while the lowest average CW increment 
was recorded in January–February with 0.57 ±  
0.63 mm (2.23–0.10 mm, N = 17). This difference 
was significant as well (Tukey, difference of means 
= 0.676, t = 6.0, P < 0.001) (Fig. 5A, App. 1). In six 
months, blue crabs increased their average CW by 
1.49 ± 0.98 mm (3.83–0.00 mm, N = 80). Male and 
female CW increased by 1.56 ± 1.11 mm (3.83–0.00 
mm, N = 44) and 1.38 ± 0.79 mm (3.75–0.21 mm, N 
= 36), respectively, although there was no significant 
difference between them. 

We detected significant differences between 
monthly TW increments (Welch’s ANOVA, F(1,4) 

Biometric variable
Parameter

t-test
Maximum Minimum Mean SD

♂ TW* 235.01 61.11 128.96 40.67
t = 2.91, P = 0.004

♀ TW 206.11 61.05 112.53 30.95

♂ CW 78.01 50.95 63.62 6.37
t = 1.85, P = 0.067

♀ CW 77.78 53.21 61.90 5.47

♂ CL 61.12 34.77 48.38 5.52
t = 1.49, P = 0.137

♀ CL 58.80 33.69 47.13 5.18

♂ QH* 43.45 13.90 31.32 5.93
t = 4.56, P < 0.001

♀ QH 41.23 14.31 27.06 5.94

♂ P3* 24.70 14.40 19.71 2.01
t = 2.49, P = 0.014

♀ P3 26.78 14.50 19.36 2.32

♂ C3 22.20 13.03 17.31 1.80
t = 1.58, P = 0.115

♀ C3 23.56 11.99 16.80 2.24

♂ P4* 22.69 14.14 18.97 1.98
t = 2.36, P = 0.019

♀ P4 24.56 14.58 18.54 2.00

♂ C4 21.40 11.80 17.02 1.90
t = 1.58, P = 0.115

♀ C4 22.46 11.14 16.53 2.06

Table 1. Male and female mean, standard deviation (SD), maximum and minimum values of total weight (g) (TW), cephalothorax 
width (CW), cephalothorax length (CL), main chela height (QH), third and fourth propodal length (P3 and P4) and third and 
fourth carpal length (C3 and C4) (mm) of Cardisoma crassum from Ponuga, Veraguas, Panama. Asterisk indicates significant t-test 
male-female comparisons where males were larger and heavier.
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= 20.70, P < 0.001). In January–February crabs had 
the highest TW average increase of 3.20 ± 1.99 g 
(6.1–0.61 g, N = 16), while the lowest average TW 
increment was found in May–June with 0.93 ± 0.24 g 
(1.44–0.37 g, N = 49). This difference was statistically 
significant (Games-Howell, difference of means = 
-2.27, t = 4.55, P = 0.003) (Fig. 5B). In six months, 
blue crabs increased their average TW by 2.93 ± 2.44 g 
(9.05–0.30 g, N = 79) with no statistically significant 
difference in TW increment between males (3.04 ± 
2.63 g, 8.97–0.3 g, N = 43) and females (3.04 ± 2.67 
g, 12.11–0.42 g, N = 37) (Mood’s median test, χ2 = 
0.01, P = 0.918). 

Relative condition factor
The mean relative condition factor Kn calculated using 

the resulting CW–TW a and b parameters (a = -7.056,  

b = 2.854) (App. 2) was 1.01 ± 0.14 (0.47–1.96, N = 163).  
There was no statistically significant difference of 
the Kn factor between males (1.01 ± 0.16, N = 83) and 
females (1.01 ± 0.11, N = 80) (Mann-Whitney test,  
W = 6799, P = 0.983); but there was a statistically 
significant difference among monthly condition factor 
Kn medians (Mood’s test, χ2 = 12, P = 0.035). 

Estimates of density and population size
The burrow trail totaled 1,375.74 m with an area of 

2,751.48 m-2 and a density of 0.06 ind. m-2. The crude 
population estimate was 6,474 crabs considering a total 
polygon area of 10.93-ha. The Jolly-Seber population 
estimate (Tab. 3) was 2,569 crabs (± 95 % confidence 
interval: 1,618–3,520) in 10.93-ha with a density of 
0.024 individuals m-2 (± 95 % confidence interval: 
0.015–0.032). 

Figure 4. Cephalothorax width predictors in Cardisoma crassum from Ponuga, Veraguas, Panama. Left side panels correspond to 
males (A–C). Right side panels to females (D–F). CW, cephalothorax width; CL, cephalothorax length; TW, total weight; P3, third 
propodus.
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Table 2. Burrow entrance diameter (BD) comparison with three biometric response variables: cephalothorax width (CW), 
cephalothorax length (CL) and chela height (QH) of Cardisoma crassum from Ponuga, Veraguas, Panama.

Biometric 
variable (mm) Max. Mean

Size diff. with burrow BD to variable ratio 
(max.)

Number of burrows 
> variable (max.)

Max. Mean

BD 113.01 82.41

CW 70.80 64.35 42.21 18.06 16, P = 0.006

CL 54.90 47.60 58.11 34.81 19, P = 0.001

QH 39.79 31.94 73.22 50.47 20, P < 0.001

BD/CW 1.60

BD/CL 2.06

BD/QH 2.84

Figure 5. Monthly ( January to June 2021) biometric variable increment rate of Cardisoma crassum from Ponuga, Veraguas, Panama. 
Cephalothorax width growth rate (A). Total weight gain rate. Bars not sharing superscripts represent statistically different means (B). 
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At the 100 m-2 plot, there were 36–83 active 
burrows between February and June; 35–26 and 17–8 
burrows were inactive and blocked, respectively. Total 
burrow density was 1.01 m-2; however, there were only 
57 active burrows on average for 0.57 burrows m-2 and 
an estimated population of 62,294 crabs in 10.93-ha. 

The number of active, blocked and inactive burrows 
at the 100 m-2 plot was significantly different during 
the study period (one-way ANOVA, F(2,14) = 18.54, 
P < 0.001). The number of active burrows changed 
significantly according to the month (χ2 = 11.17,  
P = 0.025), with June having the highest number of 
recorded burrows (117), of which 83 were active  
(71 %) (Fig. 3B).

There was no variation in sex ratio within months 
(χ2 = 1.88, P = 0.866) even though the total number 
of males (100/162) and females (89/151) recaptured 
was higher in the rainy season (χ2 = 8.91, P = 0.003 
and χ2 = 4.83, P = 0.028). The number of males and 
females captured, and the season were independent 
(χ2 = 0.254, P = 0.614). 

Three ovigerous females were captured during 
the study period. Female #44 (CW 63.36 mm) was 
recaptured with an egg mass in February and last 
captured in March without eggs. Female #9 (CW  
62.81 mm) was recaptured in March with an egg mass, 
and it was last recaptured in April without eggs. Female 
#69 (CW 58.63 mm) was captured in March carrying 
an egg mass, but it was not recaptured afterwards. 

discussiOn

Fidelity to a specific physical feature, such as 
burrows, trees and specific mudflat areas has been 
reported in Cardisoma guanhumi Latreille, 1828 
(see Forsee and Albrecht, 2012; Moraes-Costa and 

Schwamborn, 2018), Cancer magister Dana, 1852 
(see Stone and O’Clair, 2002), Gecarcoidea natalis 
(Pocock, 1889) (see Green, 2004), Aratus pisonii (H. 
Milne Edwards, 1837) (see Cannizzo and Griffen, 
2016), and Neohelice granulata (Dana, 1851) (see 
Nuñez et al., 2018).

Here we report for the first time burrow fidelity 
for C. crassum. The stability of the substratum, 
food availability and the mating system are factors 
regulating persistence of burrows and their overall 
value to crabs (Christy, 1982, 1987; Zeil and Hemmi, 
2006). In the Montijo Gulf, substratum characteristics 
in the high fringes of mangroves change drastically 
between the dry and rainy seasons. During the 
rainy season the substratum is soft yet very stable, 
while in the dry season it hardens (A. Vega, personal 
communication). Substratum hardness may be a 
limiting factor for burrow building (Christy, 1982). 

This pattern, as well as changes in temperature, 
may explain the variability in the observed burrow 
fidelity between seasons. As temperature increased 
and the substratum hardened in the dry season, burrow 
fidelity increased. When the rainy season arrives, 
physiological constraints imposed by temperature on 
crabs may relax (Greenaway, 1988) and the relative 
cost of abandoning burrows decreases since it may 
be less costly to occupy a vacant one or build a new 
one (Christy, 1982; Koga et al., 2001; Schlacher  
et al., 2016). 

Changes in burrow ownership support this 
hypothesis since most of these changes occurred in 
the rainy season. The new tenant sex ratio remained 
even, suggesting burrow value and availability might 
affect both sexes equally. The change in sequence of 
previous and new tenant sex was not skewed and there 
was no significant difference in size or weight, which 

Sampling M
Population estimate (N) Survival (φ) Immigration

N LCL UCL φ LCL UCL B LCL UCL

Jan 0.51 0.36 0.67

Feb 24.2 49.7 39.4 59.9 0.90 0.75 1.05 13.60 3.10 24.00

Mar 38.8 58.3 49.4 67.1 0.72 0.58 0.87 23.50 17.50 29.40

Apr 39.0 65.7 60.6 70.8 0.52 0.38 0.65 51.10 41.40 60.90

May 33.6 85.0 73.9 96.1

Table 3. Jolly-Seber population estimate parameters: marked population size (M), population estimate (N), proportion estimates 
of the population surviving between samples (φ), estimated new arrivals to the population (B) as well as lower and upper 95 % 
confidence limits (LCL and UCL) for Cardisoma crassum from Ponuga, Veraguas, Panama.

http://www.editoraletra1.com.br


Lombardo and Rojas

12

Burrow fidelity in the blue crab

Diagramação e XML SciELO Publishing Schema: www.editoraletra1.com

Nauplius, 30: e2022033

can be indicative of opportunistic burrow occupation 
(Govender and Rodríguez-Fourquet, 2008; Schlacher 
et al., 2016).

Opportunistic burrow occupation is also supported 
by the fact that small individuals were captured from 
burrows with large entrance diameters (entrance size 
and crab size were not correlated), suggesting burrows 
are reused and occupied by crabs opportunistically 
(Carmona-Suárez and Guerra-Castro, 2012; Schlacher 
et al., 2016; Moraes-Costa and Schwamborn, 2018).

Intense extraction pressure can be problematic 
for the burrow fidelity of blue crabs. The signature 
of such pressure can be detected in sex ratio shifts 
(Ewers-Saucedo, 2019). The sex ratio of our population 
was even, which contrasts with other C. crassum 
populations (see below) and closely related species 
studies. Monthly sex ratio changes in C. guanhumi have 
been reported (Shinozaki-Mendes et al., 2013), while 
in Cardisoma armatum (Herklots, 1851), migration 
associated with mating events is known to alter the 
sex ratio (Etchian et al., 2016).

Large-scale life history patterns play an important 
role in the prevalence of evolutionary versus ecological 
determinants of sex ratio bias in crustaceans (Ewers-
Saucedo, 2019). Differential growth and mortality, 
different maximum sizes, and longevity may account 
for variation in sex ratios (Wenner, 1972; Diele et al., 
2005; Ewers-Saucedo, 2019). 

Three C. crassum studies have reported male-
biased sex ratios. In Panama, Vega et al. (2018) found 
a male-biased sex ratio (1.6:1), while Alemán et al. 
(2018) in Peru and Zambrano and Olivares (2020) 
from Ecuador reported heavily male-biased sex ratios 
of 3.8:1 and 3.4:1, respectively. On the other hand, C. 
crassum studies by Vázquez-López and Ramírez-Pérez 
(2015), as well as Molina-Ortega and Vázquez-López 
(2018), found female-biased sex ratios of 1:1.45 and 
1:1.74, respectively.

Populations with female-biased sex ratios were 
found under intense illegal commercial fishing, thus 
high male mortality would explain the bias towards 
females since large males are preferentially extracted. 
In contrast, crab populations with male-biased sex 
ratio are associated with highly preserved sites where 
mortality by predation and/or fishing is low (Diele et 
al., 2005; Hernández-Maldonado and Campos, 2015; 
Alemán et al., 2018; Moraes-Costa and Schwamborn, 

2018). For example, Alemán et al. (2018) reported 
male-biased sex ratio for C. crassum in Tumbes, 
Peru, where the population had low mortality rates 
because the fishery was centered on Ucides occidentalis 
(Ortmann, 1897) instead.

If crab populations with male-biased sex ratio are 
linked to low fishing and predation mortality and 
female-biased sex ratios are indicative of heavily fished 
populations, then the even sex ratio in the present 
study may be indicative of a population undergoing 
increased fishing mortality, where larger males have 
been previously extracted. This might be the case 
since fishers used our site periodically, and natural 
mortality was low. Moreover, independence between 
trap performance, bait type and sex of individuals 
between seasons indicate no sampling effects, as likely 
cause for the observed sex ratio in our study. 

A larger size reached by males has been observed in 
other closely related species such as C. armatum (see 
Etchian et al., 2016), C. guanhumi (see Hernández-
Maldonado and Campos, 2015; Govender, 2019), 
Gecarcinus ruricola (Linnaeus, 1758) (see Hartnoll 
et al., 2007), and Johngarthia lagostoma (H. Milne 
Edwards, 1837) (see Hartnoll et al., 2009). Such size 
asymmetry is attributed to sexual selection pressure 
(mate guarding and combat) (Christy, 1987). Although 
this was not the focus of our study, mortality related 
to decreased burrow fidelity, e.g., migration (Green, 
2004; Hartnoll et al., 2007, 2009) and mate choice 
(Bliss et al., 1978; Christy, 1982, 2007; Koga et al., 
2001), might play a role in maintaining size class 
differences in C. crassum. This is the case at least for 
females known to take part in seaward movements for 
release of their larvae (Vázquez-López and Ramírez-
Pérez, 2015), where predation risk might increase.

Data obtained from our mark-recapture study 
provide the first continuous measurements of CW, 
TW and condition factor in C. crassum. Contrasting 
monthly variation in these measurements suggest that 
environmental changes related to dry and rainy season 
(Pinheiro and Fiscarelli, 2009; Vázquez-López and 
Ramírez-Pérez, 2015) have an important impact on 
the overall condition of both, male and female crabs.

Blocked burrows can house molting individuals 
(Green, 2004; Quiñones-Llópiz and Rodriguez-
Fourquet, 2019), and February (the dry season) 
was precisely the month with the highest number of 
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blocked burrows in our 100 m-2 plot. Burrow fidelity 
may minimize heat stress (Greenaway, 1988; Nuñez 
et al., 2018) and predation risk during the molting 
process (Christy, 1987; Koga et al., 2001; Green, 
2004). The relationship between burrow fidelity and 
survival warrants further studies since land crabs are 
notorious for their longevity (10–13 years) (Hartnoll 
et al., 2007; Cardona et al., 2019; Vogt, 2019).

Population density reports for C. crassum vary. For 
example, Alemán et al. (2018) found 0.7 ind. m-2 and 
Vázquez-López et al. (2014) estimated 1.66 ind. m-2; 
both estimates were indirect. Correcting for the total 
area, our C. crassum population density was lower at 
the crude, Jolly-Seber and active burrow (indirect) 
estimates. Any comparison should be interpreted 
with caution since our crude and Jolly-Seber estimates 
include crabs in the range of 78.01–50.95 mm, while 
our indirect estimate from the active burrows at the 
100 m-2 plot is inclusive of all possible individual sizes. 
Nonetheless, the low density at our site raises concerns 
about the status of this fishery resource.

Studies from Mexico (Vázquez-López et al., 2014; 
Vázquez-López and Ramírez-Pérez, 2015; Vargas-
Téllez and Vázquez-López, 2016; Molina-Ortega and 
Vázquez-López, 2018) reported ovigerous females 
during the rainy season, while Alemán et al. (2018), 
in Peru, mentioned egg-bearing females during 
the dry season. Our study revealed the presence 
of ovigerous females in February and March (dry 
season), while another study from Panama (Vega et al., 
2018) reported ovigerous females in the rainy season 
(August–September), suggesting there can be more 
than one reproductive event in Panama.

Cardisoma crassum showed strong burrow fidelity 
with a tendency to decrease during the rainy season; 
however, fidelity remained at 50 % suggesting that this 
behavior is adaptive. Additional studies are needed to 
investigate the relationship between burrow fidelity 
and intraspecific and interspecific interactions in 
this species. For instance, it is unknown if limbs were 
lost during conspecific or prey-predator interactions, 
and interestingly, the proportion of individuals with 
a missing limb and their accumulated recaptures 

decreased. This hints at the potential costs of burrow 
fidelity, which can also prove to be a rewarding future 
research topic.
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appendix 

Appendix 1. Table with monthly mean, standard deviation (SD), maximum and minimum values of total weight (g) (TW), 
cephalothorax width (CW), cephalothorax length (CL), main chela height (QH), propodium length (P3 and P4) and carpal length 
(C3 and C4) (mm) of Cardisoma crassum from Ponuga, Veraguas, Panama. Pairwise comparison (PWC) column indicates significant 
difference (one-way ANOVA, P < 0.05) between months with month order representing large to smaller mean values along with 
Tukey test and P-value. 

Biometric 
variable

Parameter
PWC Tukey test

Maximum Minimum Mean SD

TW 235.01 61.05 121.12 37.05 Apr–Jan t = 2.89, P = 0.050

CW 78.01 50.95 62.84 6.01 Jun–Jan t = 2.89, P = 0.039

CL 61.12 33.69 47.77 5.36 P = 0.110

QH 43.45 13.90 29.29 6.31

Mar–Jan t = 3.93, P = 0.002

Apr–Jan t = 3.94, P = 0.002

May–Jan t = 3.66, P = 0.005

Jun–Jan t = 5.00, P < 0.001

Jun–Feb t = 3.17, P = 0.023

P3 26.78 14.40 19.56 2.17

Jun–Jan t = 5.33, P < 0.001

Jun–Feb t = 4.42, P < 0.001

Jun–Mar t = 3.64, P= 0.005

Jun–Apr t = 3.86, P= 0.002

Jun–May t = 5.03, P< 0.001

C3 23.56 11.99 17.08 2.05

Jun–Jan t = 4.21, P = 0.001

Jun–Feb t = 5.31, P < 0.001

Jun–Mar t = 4.92, P < 0.001

Jun–Apr t = 4.81, P < 0.001

Jun–May t = 4.83, P < 0.001

P4 24.56 14.14 18.79 2.02

Jun–Jan t = 5.96, P < 0.001

Jun–Feb t = 4.66, P < 0.001

Jun–Mar t = 4.61, P < 0.001

Jun–Apr t = 4.56, P < 0.001

Jun–May t = 5.24, P < 0.001

C4 22.46 11.14 16.81 2.01

Jun–Jan t = 4.96, P < 0.001

Jun–Feb t = 5.26, P < 0.001

Jun–Mar t = 4.58, P < 0.001

Jun–Apr t = 5.23, P < 0.001

Jun–May t = 5.10, P < 0.001
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Appendix 2. Table with length-weight relationship (LWR) on Cardisoma crassum biometric variables: cephalothorax width (CW), 
cephalothorax length (CL), chela height (QH), propodium length (P3 & P4) and carpal length (C3 & C4) (mm) from Ponuga, 
Veraguas, Panama.

LWR Linear regression equation Intercept Slope r2 t-test for allometry  
(Ho: b = 3) TW = a ∙ Lb

CW log(TW) = -7.056 + 2.854∙log(CW) -7.056 2.854 0.7757, P < 2.2-16 t = -1.21, df = 162, P = 0.115 0.00086 ∙ L2.854

♂ log(TW) = -7.056 + 2.854∙log(CW) -6.907 2.824 0.7497, P < 2.2-16 t = -0.97, df = 81, P = 0.168 0.00100 ∙ L2.824

♀ log(TW) = -7.008 + 2.837∙log(CW) -7.008 2.837 0.805, P < 2.2-16 t = -1.03, df = 78, P = 0.153 0.00090 ∙ L2.837

CL log(TW) = -1.031 + 1.498∙log(CL) -1.031 1.498 0.304, P= 2.1-14 t = -8.43, df = 162, P = 9.02-15 0.35651 ∙ L1.498

♂ log(TW) = -0.971 + 1.492∙log(CL) -0.971 1.492 0.273, P= 4.0-7 t = -5.57, df = 81, P = 1.60-7 0.37855 ∙ L1.492

♀ log(TW) = -0.725 + 1.407∙log(CL) -0.725 1.407 0.328, P= 2.9-8 t = -6.98, df = 78, P = 4.28-10 0.48452 ∙ L1.407

QH log(TW) = 2.107 + 0.789∙log(QH) 2.107 0.789 0.356, P < 2.2-16 t = -26.42, df = 161, P = 9.9-61 8.22279 ∙ L0.789

♂ log(TW) = 1.731 + 0.899∙log(QH) 1.731 0.899 0.333, P= 1.1-8 t = -14.87, df = 81, P = 3.6-25 5.64573 ∙ L0.899

♀ log(TW) = 2.449 + 0.684∙log(QH) 2.449 0.684 0.331, P= 2.9-8 t = -20.92, df = 77, P = 8.4-34 11.5733 ∙ L0.684

P3 log(TW) = -0.914 + 1.909∙log(P3) -0.914 1.909 0.4633, P < 2.2-16 t =-6.76, df = 162, P = 1.18-10 0.40104 ∙ L1.909

♂ log(TW) = -1.386 + 2.081∙log(P3) -1.386 2.081 0.4312, P= 1.58-11 t = -3.46, df = 81, P = 0.0004 0.25005 ∙ L2.081

♀ log(TW) = -0.320 + 1.693∙log(P3) -0.320 1.693 0.5097, P= 1.06-13 t = -6.95, df = 78, P = 4.93-10 0.72615 ∙ L1.693

P4 log(TW) = -1.118 + 2.004∙log(P4) -1.118 2.004 0.4855, P < 2.2-16 t = -6.14, df = 162, P = 3.06-9 0.32690 ∙ L2.004

♂ log(TW) = -0.830 + 1.919∙log(P4) -0.830 1.919 0.3879, P= 3.25-10 t = -4.03, df = 81, P = 6.18-5 0.43609 ∙ L1.919

♀ log(TW) = -1.295 + 2.052∙log(P4) -1.295 2.052 0.6147, P < 2.2-16 t = -5.15, df = 78, P = 9.37-7 0.27403 ∙ L2.052

C3 log(TW) = 0.726 + 1.422∙log(C3) 0.726 1.422 0.3023, P = 2.44-14 t = -9.30, df = 162, P = 4.57-17 2.06680 ∙ L1.422

♂ log(TW) = 0.244 + 1.604∙log(C3) 0.244 1.604 0.261, P= 8.04-7 t = -4.65, df = 81, P = 6.22-6 1.27634 ∙ L1.604

♀ log(TW) = 1.256 + 1.219∙log(C3) 1.256 1.219 0.335, P= 1.87-8 t = -9.15, df = 78, P = 2.69-14 3.51275 ∙ L1.219

C4 log(TW) = 1.024 + 1.324∙log(C4) 1.024 1.324 0.2719, P = 8.14-13 t = -9.85, df = 162, P = 1.60-18 2.78292 ∙ L1.324

♂ log(TW) = 1.155 + 1.292∙log(C4) 1.155 1.292 0.2001, P= 2.24-5 t = -5.95, df = 81, P = 3.22-8 3.17371 ∙ L1.292

♀ log(TW) = 1.132 + 1.270∙log(C4) 1.132 1.270 0.3389, P = 1.47-8 t = -8.61, df = 78, P = 3.07-13 3.10247 ∙ L1.270
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