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1. Introduction 
 
 

1.1. Authors 
 
Zoé Joly-Lopez 
#210, 4250, rue St-Ambroise 
Montréal, Québec, Canada 
H4C 3R4 
E-mail: zoe.joly-lopez@mail.mcgill.ca 
 
Katrina Robinson 
20 Leonard Avenue 
Ottawa, Ontario, Canada 
K1S 4T7 
E-mail: Katrina.robinson@mail.mcgill.ca 
 
 
 
1.2. Host Institution 

 

Smithsonian Tropical Research Institute (STRI) – Naos Marine Laboratory 
 
 

The Smithsonian Tropical Research Institute (STRI) is part of the Smithsonian 

Institute based in Washington DC, USA, and has been dedicated since 1923 to research on 

biodiversity in the tropics. 

Its history is closely related to the construction of the Panama Canal. The first 

presence of Smithsonian researchers in Panama occurred in 1910, when a census of the 

biodiversity around the Panama Canal Zone was conducted. Then, in 1923, the Governor of 

the Panama Canal Zone declared the artificially created Island Barro Colorado, the first 

biological reserve in the Americas. The Smithsonian was one of the first organizations to 

work on the biodiversity of Barro Colorado and since then, its presence in Panama has grown 

importantly. In 1966, the division of the Smithsonian Institute in the Tropics changed its name 
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to become the Smithsonian Tropical Research Institute (STRI) and established different 

scientific bases in Panama but also in other parts of the Tropics.  

STRI offers opportunities for short-term and long-term studies in Panama and every 

year more than 900 scientists from academic and research institutions visit the institution. 

There are also permanent scientists that are contributing to a better understanding of tropical 

habitats and biodiversity. STRI provides excellent facilities for research and is host to a 

variety of educational programs. STRI also offers fellowship support for students of Panama 

and those from all over the world that wish to undergo research projects from a time length of 

10 days to 3 years.  

 Many STRI stations are spread all over Panama in order to provide facilities to 

researchers in their areas of studies. Among these stations, STRI counts the Naos Islands 

Laboratories, the area of our internship. The Naos Islands Laboratories are located at 15 

minutes from Panama City, near the Panama Canal entrance, on in the Pacific Zone. The 

research at this station focuses mostly on marine organisms; it also has equipment for 

molecular biological studies. 
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1.3. Host Scientist 
 
Dr. Rachel Collin 
Smithsonian Tropical Research Institute 
Box 2072 
Balboa, Ancon  
Republic of Panama 
Telephone +507 212 8766  
Fax +507 212 8790 
collinr@si.edu 
 
 
Kecia Kerr 
Ph.D. Candidate 
Guichard Lab / Collin Lab 
Department of Biology / Naos Laboratories 
McGill University / Smithsonian Tropical Research Institute 
Montreal, QC, Canada / Panama City, Panama 
Kecia.kerr@mcgill.ca 
 
 
 
 
 

1.4. Time Spent on the Project 
 
Time spent in the field at both collecting sites (Puente and Punta Culebra): 30 field days 
Time spent working on the internship and making of the poster for Bocas del Toro: 4 days 
 
 
 
 

1.5. Acknowledgements  
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Dr. Rafael Samudio and Dr. Roberto Ibañez, our Teacher Assistant Santiago Gonzalez, the 

Smithsonian Tropical Research Institute staff at Naos and Tupper, and the Punta Culebra 

guards for their for their warm hospitality, support and contributions to the success of our 

internship. We would also like to express a profound gratitude to Dr. John Christy for his 

inspirational words and company in the field. Most of all we would like to thank Kecia Kerr 

and Javier Luque for their help, guidance and encouragement throughout our internship. 
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Dr. John H. Christy   
Smithsonian Tropical Research Institute 
Apartado 0843-03092 
Balboa, Ancón 
Panamá, República de Panamá 
Christyj@si.edu  
 
Javier Luque 
Geologist 
Research Assistant / NAOS Marine Laboratory 
Smithsonian Tropical Research Institution 
Apartado Postal 0843-03092 
Naos Island 
Panama, Panama 
Tel: (507) 2128834   Cell: (507) 67641798 

 

 

 
1.6. Presentation of the Project and Objectives 

 

The course Research in Panama (ENV-451) aims to allow students to gain tangible 

experience in the field, gain new skills and work in a tropical environment. Our internship 

was at the Naos Marine Laboratories branch of the Smithsonian Tropical Research Institute, a 

prestigious organization of scientific research. This academic internship provided us with an 

extraordinary opportunity to gain field experience in marine biology, and a better 

understanding of the process of scientific research. 

Over the period of our internship, we worked in the field of marine biology under the 

supervision of Dr. Rachel Collin. More specifically, we had the exceptional opportunity to 

work on an investigation with PhD candidate, Kecia Kerr that will contribute to her research. 

Kecia’s research consists mainly of investigating the influence of temperature on the timing of 

reproduction in intertidal organisms. Fiddler crabs make excellent model organisms to study 

as their reproduction cycles are tightly tied with tidal cycles. Their egg development is also 

dependent on temperature. Fiddler crabs are also visible and active at low tides which 
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facilitate observations. More specifically, Kecia will “test the ability of intertidal organisms to 

adjust mating cycles, which are linked to diurnal and tidal amplitude cycles, in response to 

temperature variation and relate these responses to regional recruitment patterns and meta-

population dynamics under scenarios of upwelling, non-upwelling and expected climate 

change conditions.” (Kerr 2007 PhD Research Proposal) 

 

Our objectives for this internship are as follows: 

• To undergo an investigation that will contribute to knowledge of Uca deichmanni a 

species of fiddler crab. Since little is known of this specific species and about their 

courtship and burrowing. More specifically, our investigation will address ovigerous 

female larval release time in relation to the tide amplitudes. We will also try to 

determine if females actively participate in thermoregulation of the burrow to have an 

optimal temperature for egg incubation. Females could do this in two ways, either by 

manipulating their burrow depth or by creating an open space in their burrow that has 

a temperature gradient.  Male burrow characteristics will also be investigated, and 

compared to females.  Females may stay in the male’s burrow after mating and so 

depth of a male’s burrow may be important for incubating females. Whether male 

burrow depth varies with tide amplitude will also be established. 

•  Our overall investigations will contribute to the PhD work of Kecia Kerr. It is 

pertinent to ascertaining how climate change may affect reproductive behaviour, 

embryonic rates of development, and subsequent survival of marine organisms whose 

reproduction success is tied to tidal cycles. 

• Create two posters of species that inhabit the natural environment of the STRI Bocas 

del Toro Research Station. These posters will provide visual aids for visitors of the 

station. The first poster will be on Fiddler Crabs and will illustrate the different mating 
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behaviours, some morphological characteristics, the importance of the burrow and 

their role in the environment. An emphasis will be placed in the different species of 

Fiddler crabs that are encountered at Bocas Del Toro. The second poster will be on the 

Northern Jacanas birds. It will depict the morphological differences at different life 

stages, outline some interesting facts about sex role reversal in the species, and the 

male parental care behaviour that is easily observable.   

 
 
 
 
1.7. Theory and Background Information 

 

Burrows play an integral role in fiddler crab life history (Christy, 1982; Zucker, 1983; 

Lim, 2006). Fiddler crab burrows are central to predator avoidance, reproduction and 

protection from the natural elements such as wind and tides (Christy, 1982; Zeil and Hemmi, 

2006; Zucker, 1983). The burrowing activities of fiddler crabs also have ecological effects on 

their environment. Burrow activity has been shown to increase oxidation and drainage of the 

soil and can turn over the sediment increasing the rate of decomposition and therefore 

provides more nutrients and enhances micro-organisms growth (Shirley, S L.M, 2006). The 

reproductive cycle of fiddler crabs consists of 1) courting, mating, 3) incubation period, and 

4) larva release. 

The focus of the research is the role of the burrow in the reproductive cycle of Uca 

deichmanni a fiddler crab species. Few studies have been done on this species (Zucker, 1983; 

Zucker,1986; Christy, 1995). Even though, U. deichmanni is a species that has been studied 

relatively little, it makes a good study organism as its behavior is easy to observe, and burrow 

characteristics can be measured and excavated at low tides. U. deichmanni, like all fiddler 

crabs of the genus Uca is sexually dimorphic (Crane 1975). Females are a light beige color 
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and possess two small claws. They can be seen raising both claws to their mouths to feed. 

While, males have a blue coloration on their face and have only one small claw that is used 

for feeding. The other claw, is large and asymmetrical (Crane, 1975). It is used for defense, 

competition with other males and to signal with in a waving motion probably to attract 

females during courtship (Crane, 1975; Zucker, 1983). The waving behavior may not to be the 

only criteria for female’s choice. The quality of the male’s burrow may influence female Uca 

deichmanni mate selection. Christy (1987) found Uca beebei females consistently prefer 

males with longer and deeper burrows. Burrow characteristics were found to be more 

influential to female U. beebei mate choice than male size (Christy, 1987). In most fiddler 

crap courtship behavior, males wave at the females meanwhile these females investigate the 

quality of the burrows before mating with the male (Christy and Salmon, 1991). U. beebei and 

U. pugilator sample several male burrows before choosing a mate and have even been known 

to select a burrow and hence a mate when the male is not actively waving or courting (Christy 

and Salmon, 1991). Zucker (1983) found Uca deichmanni have an unusual courtship 

behavior; they forcefully “direct” females into their burrows for mating. Zucker (1983) 

observed that males plug the burrow after successfully “directing” a female into their burrow. 

The size of male Uca deichmanni carapaces and major chelas at times of peak courtship was 

investigated in Zucker (1986).  

Investigations of fiddler crab sensory perception provide important insight to fiddler 

crab behavior. Zeil and Hemmi (2006) found fiddler crabs face certain visual restrictions, they 

cannot see their burrows if they move more than10-15 cm away, even though their field of 

vision is panoramic. To overcome this fiddler crabs orientate themselves as they venture from 

their burrows in order to recall their way back (Zeil and Hemmi, 2006). Thus male “directing” 

courtship patterns, observed in Uca deichmanni by Zucker (1986) is a successful mating tactic 

for this species. However, it must be noted that this is the only fiddler crab species whose 
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males seem to exploit this sensory weakness. In other cases it is thought that hood building 

such as in Uca terpsichores acts as a sensory trap attracting females to the burrows (Christy, 

1995). Christy (1995) found Uca deichmanni run to burrows with structures in the presence of 

model predator even though they do not build hood courtship structures themselves. This may 

be due to the way fiddler crabs sense their surroundings. Christy (1995) points out that 

waving courtship behavior may take advantage of this sensory disposition or “landmark 

orientation”. 

A key feature involved in reproductive success for fiddler crabs is temperature. As 

many other seasonally reproducing organisms, temperature and reproductive timing along 

with climate change are linked (Walther et al., 2002). Temperature affects embryonic 

development and thus the timing of crustacean larval release (Christy, 2003). Moreover, 

various marine taxa like fish show reproductive periodicity timed with lunar or semi lunar and 

tidal cycles (Morgan and Christy, 1995). Some species of fiddler crabs have a lunar cycle, 

while others have semi-lunar cycles. Uca deichmanni has been shown to have a semi-lunar 

cycle (Zucker, 1983). The incubation period starts with a semi-lunar cycle that consists of 

approximately 15 days (Zucker, 1983). Incubation periods can be affected by the environment 

temperature, where a decreased temperature can increase the incubation time (Morgan and 

Christy, 1995). Then, the synchronous larva release generally occurs at the time of the largest 

nocturnal tidal amplitudes and it is thought to be a predator avoidance adaptation (Christy, 

2003).  Larval release at large amplitude tides result in a rapid transport offshore so larva will 

not be exposed on the beach to predators such as marine and shore birds. At nocturnal releases 

there may be less predation by fish as visibility is reduced.  

It remains unknown how fiddler crabs counteract variation in temperature in order to 

maintain their larval release (Kerr PhD Proposal, 2007).  There are several possible ways Uca 

deichmanni may be able to achieve the same larval release time with a change in temperature.  
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Fiddler crabs incubate in the burrows and the temperature of the sediment varies substantially 

with depth. Female U. deichmanni carry their eggs on the pleopods under their abdomen and 

so sand temperatures of their burrows, and the depths at which females stay is influential for 

egg development (Kerr PhD Proposal, 2007).  

Females may actively regulate burrow temperature by changing burrow depth or 

manipulating burrow dimensions in order to achieve larval release at the right time. Females 

may also create an open space in the burrow with a temperature gradient in which she could 

move around in and manipulate here temperature. Thus, reproductive success may be related 

to the burrow dimensions and their maintenance. The temperature of the burrow can be 

affected by its shape, depth and aperture. DeRivera (2005) found that U. crenulata sample 

many burrows prior to mate selection and that burrow aperture size influenced incubation 

time.  Reaney and Backwell (2007) proposed that Uca mjobergi regulate their larval release 

time by selection of male’s burrow size and thus the temperature at which the eggs are 

incubated. Smaller males have narrower burrows which are correlated with warmer 

temperatures, so females may be able to compensate for variation in temperature by a change 

in mate preferences (Reaney and Backwell, 2007). However, these fiddler crabs live on 

mudflats sediment is quite different and burrows are not subject to change from the physical 

forces of tides. Furthermore, considering the aggressive “directing” nature of male sexual 

tactics female preferences may not be able to play as strong a contributing factor in Uca 

deichmanni. On the other hand, if Uca deichmanni are able to open their burrows daily, they 

may be able to regulate the temperature of their eggs by moving up and down in the burrow 

(K. Kerr pers. comm.). Alternatively, another way females could manipulate their larval 

release time could be to shift their mating time, which has been noted to occur in Uca 

pugilator which can manipulate their ovulation time by choosing a mate early (Christy, 2003).  
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In many fiddler crab species such as Uca crenulta and Uca pugilator females remain 

in the male’s burrow after mating (Christy, 1987; DeRivera, 2005).  DeRivera (2005) found 

that U.crenulata sampled male burrows and that the burrow aperture can affect incubation 

time. If this is also the case with Uca deichmanni the characteristics of a male’s burrow may 

influence female mate choice and be relevant to incubating females.  

To date the general burrow characteristics of Uca deichmanni have not been 

investigated (Lim, 2006). Our investigation seeks to determine three main important 

characteristics of Uca deichmanni burrows; firstly the burrow depth and aperture width of 

courting males, secondly the structure and depth of female burrows and thirdly the depth at 

which ovigerous females are found. This information will help with further investigations of 

this species. 

 
 
 

1.8. Hypotheses and Predictions 
 
 

 To effectively investigate these features of Uca deichmanni burrowing activity, the 

internship was divided into two subprojects and addressed two specific hypotheses. The first 

subproject, ‘Burrows Depths of Courting Males’ addressed male Uca deichmanni burrow 

depths. Male burrow lengths are hypothesized to vary with tide amplitude as their 

reproductive cycle, and hence behavior, is tightly tied to tidal rhythms. Zucker (1983) found 

peaks of ‘directing’ courtship and wandering females 2-4 days after full and new moons. We 

predict during large amplitude tides, burrows be longer as burrow characteristics may be 

important to attract females for matings. The null hypothesis is that there is no difference in 

male burrow depths with tide amplitude. Alternatively male burrow depth variation may be 

explained by crab size, or temperature variation in the sediment. We anticipate burrow 
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aperture will have a tighter relation to male size than burrow length, as the aperture size will 

need to be a certain size for a male to enter and exit with ease. Whereas, the burrow length 

may vary more between individuals of the same size perhaps due to differences in activity 

levels. 

 Our second subproject, ‘Females and Thermoregulation’, investigated the importance 

of incubation temperature and larvae release. We hypothesized that U. deichmanni females 

regulate the temperature of the burrow for egg incubation. They would do so by plugging the 

burrow moving upward and downward within the burrow chamber, the cavity in the burrow 

delimited by the sediment plug. If these behavioral characteristics are verified, we would then 

expect the bottom temperature of the ovigerous female burrows to be relatively constant, and 

that this constant temperature should be observed in burrows of different depths.  

 
 
 
 
 
2. Study 
 

2.1. Study sites and Methodology 
 
 
 
Study sites 
 
 We investigated male behaviors and burrow characteristics of fiddler crabs U. 

Deichmanni, along the Pacific coast of Panama from January to April 2008. Three sites of 

observation were initially selected by Kecia Kerr: Faros, Puente de las Américas and Punta 

Culebra. Due to our limited amount of time that we had for sampling, every Thursday and 

Friday and three complete weeks, we elected to take our measurements at only two sites: 

Puente de las Américas and Punta Culebra.  

12 
 



 

1- Puente de las Américas: The site of Puente de las Américas is a small beach located 

on the eastern side of the Panama, right under el Puente de Las Americas (the Bridge 

of Americas). The beach is propriety of the Administration of the Panama Canal 

(ACP), but people can easily access to the site and walk on the beach at low tides 

when fiddler crabs’ activities occur. Therefore, we consider this site fairly disturbed 

by human activities but nonetheless many species of crabs are encountered on this 

beach, including U. deichmanni.  

 

2- Punta Culebra: The beach is part of the Punta Culebra Nature Center that is a non-

profit project of the Smithsonian Tropical Research Institute (STRI). It located near 

the Island Naos and at 15 minutes from Panama City. The beach is a protected area 

restricted for studies on the rocky intertidal zone and the organisms that populate the 

sandy beach. This site is ideal for ecological investigations on organisms in the 

intertidal zone of the Tropical Oriental Pacific. This beach provided an undisturbed 

area for our research on Uca deichmanni, which is one of the crab species encountered 

on this beach.  
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Figure 1: Map of the study site Punta Culebra located in the Gulf of Panama, along the 

Pacific Coast, Panama. N.B. This map is not at scale.  

 

 We aimed to visit both sites during most sampling days, during the low tide. An 

average of 1h15 would be spent at each site, but more time could be spent on one site, 

depending on the activity rate of the crabs at one site, or the amount of the burrows to 

analyze. Low tide varied from 6:00 to 17:13 during the sampling dates. The order of the 

visited sites was changed every semi-lunar cycle. This would ensure us to obtain a 

representative pattern of behavior across the low tide and thus at both sites. If this measure 

would not be done, our interpretation of behaviors at Puente and Culebra as activity levels 

could be biased by the time in the low tide period.  
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Methodology  

 

Part 1: Burrows Depths of Courting Males 

 

Male burrows were sampled at both sites by 4 by 1 m2 quadrates, made of string and 

wooden pegs, were laid out within Uca deichmanni territory. The quadrates were placed so as 

to include the most number of open burrows as possible. All the burrow openings that are 

equal to or greater than 4 mm sized holes are selected and flagged to determine identity of 

each burrow. The crabs were observed with binoculars from a distance of several meters (3-5) 

for several minutes to identify and note the sex of crabs present at each burrow. Uca 

deichmanni are sexually dimorphic and males can be easily distinguished by their chela 

major. They also have blue faces and are slightly pink on the inner side of their chela major. 

Females are grey-brown sand color and both claws are small. For the burrows that had crabs 

present, the diameter of burrows and the depth of burrows are measured with a ruler and a 

long piece of flexible plastic.  

 To confirm the accuracy of our measurements, a proportion of Uca deichmanni 

burrows were excavated using a spade and depth at which the crab was encountered was 

recorded, as well as the depth of the measuring tool. When males were dug from their 

burrows their carapace width and chela major length were also measured and recorded to later 

compare with the results of Zucker (1986). A portion of male and female burrows were 

excavated to test the burrow length burrow measured with the plastic strip corresponded with 

burrow depth. This sampling method is much faster than digging every burrow and would 

allow us to have a much larger sample size. 
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 The number of quadrates that were done each tide varied due to time limitations and 

crab activity. During the neap tides the area covered had to be increased to get a numbers 

equivalent to the sample sizes of burrow during high tide amplitudes, so more quadrates were 

set up on these days. 

 Furthermore, several additional field days were spent during high amplitude tides 

when courtship was at its peak observing the crabs to observe mating behaviour and identify 

non-ovigerous female’s burrows. They were measured in order to make comparisons with 

ovigerous female’s burrows. When a female entered a male’s burrow and stayed there the 

burrow was watched for the rest of the tide to identify post mating behaviour. A plastic trap 

container was laid out over the burrow and secured to the sediment with metal pegs as an 

attempt to identify whether females remain in the male’s burrow or not.  The aim of this was 

to try to gain insight into whether females stay in male’s burrows to incubate.  

 

Part 2:  Ovigerous Females and Thermoregulation  

 

The second part of our project consisted in investigating the possibility that ovigerous 

females would undergo thermoregulation of their burrow in order to provide ideal conditions 

for gestation. To do so, we first went at the beach area where Uca Deichmanni activities had 

been already reported and we identified burrows that were susceptible to shelter ovigerous 

females.  Previous observations provided by Kecia Kerr suggested that ovigerous females 

could plug their burrow after emerging at the surface to feed. Therefore, we selected the 

burrows that had their entrance covered by sediment piles and that also had their entrance 

sealed. (See image, Appendix 1)  

 First, the sediment piles were removed the plugged burrow entrance was identified. 

Then the following characteristics were measured: 1) burrow depth, 2) bottom burrow 
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temperature, and 3) top burrow temperature. (See image, Appendix 2) The burrow depth was 

measured with a wood stick and a ruler, approximated at one decimal. The burrow 

temperature was measured by a soil thermometer, approximated at one decimal. However, in 

order to prevent an eventual bias with the temperature, we waited at least 30 seconds after 

stabilization of the temperature indicated to make sure that the temperature indicated was 

stable and accurate. Temperature measurements of the sediment outside of the burrow were 

also taken at different levels in the sediment (0cm, 10cm, 15 and 20cm). 

Second, a pit was dug around the burrow, approximately at 20 cm from the entrance of 

the burrow. It was dug in a semi-lunar shape, at the depth of the burrow; it was done carefully 

to make sure it would not collapse the burrow. The wood stick would be maintained in the 

burrow to serve as indicator while digging. Once we reached the burrow path, we revealed the 

egg chamber, using our hands or a fine shovel. If an ovigerous female was present in the 

burrow, she was caught and placed in a plastic container with wet sediment. The container 

was labeled identified with the date, location, female number, and burrow depth.  

Then the following aspects were studied on the opened burrow: 1) length of the burrow 

chamber, 2) depth at which the female was found, 3) bottom sediment temperature, and 4) top 

sediment temperature of the burrow chamber.  

 The ovigerous females were brought back in the laboratory, where they were placed in 

compartments in an aquarium until they released their larvae. The day and time of larvae 

release was recorded. Females were subsequently returned to the study site on the following 

field day. The objective per day was to catch 5 ovigerous females and record their burrow 

characteristics for each day of sampling.  

 
 
 
Burrow Depths Statistical Analysis 
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 An ANOVA single factor test was performed to test whether the burrow depths of 

males, females and ovigerous females were significantly different. To make sample sizes 

more comparable male burrow depth measurements were removed for days that ovigerous 

females and not been dug and days when 2 or less ovigerous female burrows were collected.   

 A t-test of non equal variance was also performed between the male burrow lengths 

measured at the coldest sediment temperatures during upwelling times when sediment 

temperature at 20cm was between 24-25ºC, with burrow lengths measurements collected 

during non upwelling conditions when the sediment at 20cm was between 28-29 ºC. 

  

Temperature Statistical Analysis 

 T-tests of unequal sample variance were done to test for differences in temperature 

during conditions of upwelling and “normal conditions”. The data placed in the upwelling 

category were for the data collected when the sediment temperature at 20cm was between 24-

25ºC and the data placed in the “normal conditions” were the data when the sediment 

temperature at 20 cm was between 28-29 ºC. Since there were only two days in the data pool 

that met the upwelling criteria, we used t-tests of unequal sample variance.  

 

 

 

 

 

 

***All research activities were performed in full awareness, 
respect and understanding of the McGill University Code of Ethic 
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2.2. Results 
 
 

 
Male Burrow Depth Results 

 

 To verify the accuracy of burrow length measurements male burrows were excavated 

at random, to gather measurements of the depth the male was found in the burrow. Males 

were found on average to be 4.33 ± 3.38 cm from the end of the burrow length measured 

(N=37).  Crabs were occasionally found at the bottom of the burrow but none were found 

deeper than the burrow length measured. This indicates that the burrow length measurements 

are accurate.  It was also verified that even though some female and male burrows curved the 

burrow length still gave an accurate indication of depth. There was a significant positive 

relationship between burrow length and burrow depth (R2=0.8, N=28, Figure.3). Thus, burrow 

length measurements can be used as a reliable proxy for burrow depth. 
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Figure 2: The figure shows a strong positive relation between between burrow depth and 

burrow length measurements for the portion of burrows excevated. 

 

  

 Male burrow lengths are considerably variable. A histogram of all the male burrow 

samples shows the distribution to be log normal (Figure 3).The average male burrow length 

was 16.4 ±4.13 cm (N= 227). However, burrows that have lengths of 18cm are more frequent 

it appears the distribution is skewed slightly to the left. This may have been due to 

measurements of burrows that had been plugged before the end of the low tide. When 

burrows are plugged their length before the plug is broken is considerably shorter than the 

actual burrow length.  
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Figure 3:  Histogram showing the log normal distribution of burrow lengths, note the 

distribution is slightly skewed to the left. 

 

There was no relation found between male burrow depth and tidal amplitude (Figure 4).  

Thus, we can not reject our null hypothesis. 

 

Figure 4: Male burrow lengths measured did not vary significantly with tide amplitude. 
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Then we addressed whether crab size plays a role in male U. deichmanni burrow morphology. 

There was no significant relation between male crab size and burrow length (Figure 5) or 

male crab size and burrow aperture (Figure 6). Nor did male burrow aperture vary 

significantly with burrow length (Figure 7). 

 

 

 

Figure 5: There is no relationship between the size of the crab indicated by carapace width 

and the burrow length. 
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Figure 6: Male burrow aperture does not vary significantly with carapace width, although 

there is a positive trend 

 

 

 

Figure 7: Male burrow length is not signifigantly related to burrow diameter, despite the 

positive linear trend line of best fit. 
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Male burrow lengths were compared with the variation in temperature at 20cm in the 

sediment. The depth of 20cm was chosen as it was close to the average male burrow depth. 

The temperature in the sediment does not appear to significantly influence male burrow depth 

(Figure 8). There also appears to be more variation in burrow depth at intermediary 

temperatures but this may be due to a sampling anomaly as there were only 2 sampling days 

that measured on cold upwelling temperatures. A t-test of two samples assuming unequal 

variance was performed with the burrow lengths collected at the extreme temperatures. They 

were found to be significantly different (P-value = 2.48E-07) (Table 1). 

 

 

Figure 8: The burrow length does not vary significantly with temperature that is at 20 cm in 

the sediment.  There is a trend of burrow depth decreasing with increasing sediment 

temperature. It appears that burrow depths may be more variable in between 27 and 28°C. 

However this may just be because the most burrow samples were in that range. 
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Table 1 T-Test Two-Sample Assuming Unequal Variances   
      

  
Upwelling Burrow Length 

(cm) 
Non Upwelling Burrow 

Length (cm) 
Mean 18.31451613 14.16785714
Variance 6.691365591 7.868928571
Observations 31 28
Hypothesized Mean 
Difference 0   
Df 55   
t Stat 5.882622245   
P(T<=t) two-tail 2.4877E-07   
t Critical two-tail 2.004044769   
  

 
 
 
 
 
 
Comparison of Burrow Depths between Males, Females, and Ovigerous 
Females 
 
 
 The burrow depth of each group showed variability were all found to be significantly 

different by a single factor ANOVA test (P-value < 0.001, Appendix 3). The greatest 

difference in burrow depth average was seen between female and ovigerous females, while 

male burrows where at intermediary depths. Ovigerous female burrows were the deepest 

(Table 2). Male and female burrows often curved while ovigerous female burrows went 

straight down. 

 
 
Table 2 Comparison of Male, Female and Ovigerous Female Burrow Depths (cm) 
Characteristic Male Burrow Female Burrows Ovigerous Female Burrows 
Mean ± sd 
Maximum 
Minimum 
Mode 

16.2 ± 4.25 
27.3 
4.5 
16.6 

 

14.8 ± 3.69 
26.70 
6.00 
14.3 

 
 

  20.8 ± 4.92 
29.1 
8.6 

  24.9 
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Tidal Amplitude for collected females 

It was important to collect females during the different tide amplitudes in order to address the 

effect of tidal amplitude on larvae release. Throughout the three months, we collected females 

at low tides of low amplitudes, min= 210 cm and of higher amplitudes, max=537 cm. The 

female collection was fairly spread throughout the tidal amplitude spectra that we considered 

our sampling representative for further analyses of our results.  
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Figure 9: Graphic representing the tidal amplitude for the days we went in the field to collect 

data. It covers a period of three months, from February 21, to April 17, 2008.  
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Females release their larvae during high tide amplitudes 
 
In the course of fiddler crab reproductive cycle, it is assumed that females release their larvae 

during the high tide amplitudes in order to reduce predation on their larvae. However, this 

hypothesis had not been proved for U. deichmanni. We collected ovigerous females and noted 

the time and day of release and then we compared it with a table of large amplitude tide. The 

results showed that 4 peaks of high tide amplitudes occurred during the period when we 

collected ovigerous females.  Also, for each of these peaks that ovigerous females were 

collected they successfully released their larvae. When we compare the peaks of ovigerous 

female larval release and high tide amplitudes, we can see they are synchronized and closely 

linked (See Figure 10). In all cases, except for the high tide amplitude of March 12, the 

presence of high amplitude tides was followed by a peak of larva release by ovigerous 

females, one day or two after the high tides. For the cycle of March 12, we can see that the 

two peaks are very close together so we could say that they are linked, even if the larva 

release peak occurred one day before the high tides. Therefore, we can conclude that 

ovigerous females do time their larval release along with large tide amplitudes. Therefore, our 

assumption was confirmed with the sample size that we obtained.  
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Number of Ovigerous Females Releasing Larvae

0

1

2
3

4

5

6
20

-F
eb

-
08

27
-F

eb
-

08

5-
M

ar
-

08

12
-M

ar
-

08

19
-M

ar
-

08

26
-M

ar
-

08 2-
A

pr
-

08

9-
A

pr
-

08

16
-A

pr
-

08

females releasing larvae largest amplitude tide
 

Figure 10: Graphic showing the relationship between the numbers of ovigerous females that 

released their larva (blue) and the largest amplitude tide of the semi-lunar cycle (red). 

 
 
 
 
 
Summary of ovigerous female burrow characteristics  
 
 The following tables summarize the different measurements of burrow characteristics 

that were useful for analyses of thermoregulation by ovigerous females. We separated the 

results into two tables, one with depth measurements and the other with temperature 

measurements. The results show us that the average burrow’s depth is 20.8 cm and that the 

burrow chamber’s depth was about half of the total burrow’s depth (See Table 3). The 

chamber depth represents the space that the ovigerous females have to move up and down 

within the burrow. Now, if one looks at the different temperatures, it can be seen that the 

bottom temperature is at an average of 27.9 ºC and that the temperature varies much less than 

the temperature at the top of the burrow (See SD, Table 4). At the surface of the burrow, the 

variance in the temperature can be attributed to abiotic factors such as wind, sun and rain, 
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whereas these have less of an effect bottom temperature, especially when the burrow is 

plugged.  

 

 

Table 3: Summary table of the different ovigerous female burrow depth characteristics that 
were measured. For each characteristic, we calculated the average and the standard deviation.  

SUMMARY OF BURROW DEPTH CHARACTERISTICS  
Characteristics Burrow depth(cm) Burrow chamber depth (cm) 

Average 20,812 
 

10,867 
 

Standard deviation 4,919 
 

3,944 
 

 
 
 

Table 4: Summary table of the burrow temperature characteristics that were measured. For 
each characteristic, we calculated the average and the standard deviation.  

 
SUMMARY OF BURROW TEMPERATURE 

CHARACTERISTICS 
Characteristics Temperature – 

Bottom of the 
burrow (ºC) 

Temperature – 
Top of the 

burrow (ºC) 

Temperature- 
Sediment at 10 
cm depth (ºC) 

Temperature – 
Sediment at 20 
cm depth (ºC) 

Average 27.958 30.994 29.9 27.4 
Standard 
deviation 

1.595 4.137 2.0768 1.5601 

 
 
 
 
 
 
Ovigerous Female Burrow Depth versus Tide Amplitude 
 
 As we have already mentioned, very little is known on the reproductive cycle of Uca 

deichmanni. Therefore we were interested in looking at the effect of tidal amplitude on the 

burrow depth of ovigerous females. As it is shown in Figure 11, there is very little 

dependence of the burrow depth on the tidal amplitude, with a coefficient of regression of 

0.14.  
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Figure 11: Comparison between the burrow depth where ovigerous females were found and 

the tidal amplitude recorded. 
 
 
 
 
 
 
Ovigerous Female Burrow Bottom Temperature vs. Burrow Depth 
 
 One of our assumptions was that the temperature in the burrow should remain 

relatively constant when changes in the weather or in the burrow structure would be present. 

The relationship is fairly small, with a regression coefficient of 0.2. This means that when the 

burrow depth increases, the temperature is not directly affected by this burrow change (Figure 

12). However, we see a little tendency toward a negative relationship when the temperature at 

the bottom of the burrow would decrease when the burrow gets deeper in the soil, which 

would be an expected tendency.   
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Figure 12: Comparison between the temperature at the bottom of the burrow and the burrow 

depth where ovigerous females were found.  
 
 

 

Changes in ambient temperature effects on burrow depth and inner burrow 

temperature 

 Our hypothesis stated that ovigerous females could actively participate in the 

thermoregulation of their burrow in order to maintain the optima temperature for egg 

incubation and larva release. To analyze this, we decided to compare the burrow 

characteristics of ovigerous females during observed temperature changes in the environment. 

We compared the days where the effect of upwelling was most felt, with the conditions of no-

upwelling, that we named “normal conditions”. We recorded two days of field work where 

upwelling was present. (See Figure, Appendices 2) 

When we compared the burrow’s depth of ovigerous females during upwelling, with burrow’s 

depth of ovigerous females in normal conditions, we found that during upwelling, the 

burrow’s depth was significantly bigger (p=0.000139, α=0.05) than that of the burrow’s depth 

during normal conditions.  
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Then, we looked at the difference of temperature in the burrow and outside of the burrow 

during conditions of upwelling. The ambient temperature was taken at 20cm, which is the 

average burrow’s depth that was found (See Table 5). The t-test result showed that during 

upwelling (colder sediment temperature), the temperature inside the burrow was significantly 

higher than that of the sediment temperature outside the burrow.  

 

Table 5: Summary table of T-tests undergone to look at characteristics involved in 

thermoregulation of the burrow. We chose an alpha value of α=0.05. The first t-test looked at 

the difference in burrow’s depth in conditions of upwelling and in normal conditions of non-

upwelling. The second t-test compared the inner burrow’s temperature during upwelling with 

the sediment temperature at 20cm during upwelling.  

 

T-TEST P=VALUE, Α=0.05 SIGNIFICANCE 

Burrow depth – Upwelling 

vs. Normal conditions 

0.000139 Yes 

Temperature – Inner burrow 

vs. Ambient at 20 cm during 

Upwelling 

0.000106 Yes 

 

Then, we looked at the temperature differences during normal conditions, to see if these 

temperature changes inside and outside of the burrow would be present. This test served us as 

a control. The results showed us that there was no significant difference between the 

temperature inside the burrow and outside of the burrow (P= 0.1375, α=0.05, Table 6).  
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Table 6: T-test result for the control test temperature. The temperature inside the burrow was 

compared to that of sediment outside the burrow, at a depth of 20 cm. We chose an alpha 

value of α=0.05. 

T-TEST P-VALUE SIGNIFICANCE 

Temperature in the burrow 

vs. sediment at 20 cm 

0.1375 No 

 

 
 

 
 
2.3. Discussion 
 
During the course of our research project, we were interested in investigating the potential 

role of temperature and tide amplitude in the timing of larva release, during the reproductive 

cycle of Fiddler crab Uca deichmanni. As we mentioned earlier, little was known about that 

species in regards to the reproductive cycle. What was known was that their reproductive 

cycle is tightly tied with a semi-lunar cycle and it was assumed that the ambient temperature 

plays a role in the incubation and the release of larvae.  Previous work on a similar species of 

fiddler crab had shown female larval release corresponds with nocturnal high tide amplitudes 

in order to reduce foraging predators and optimize their larva survival (Christy, 2003). 

Regarding the effect of the temperature, it was found that Uca terpsichores would shift their 

incubation time period with temperature changes, where lower temperatures would lead to an 

increase in incubation time. A general relationship was also found for this species, as a 

difference of 1 ºC would delay the larval release of one day (Christy, J. H. pers. comm.). In 

the case of U. deichmanni, we have found that burrow depth is deeper when the ambient 
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temperature is lower, and the temperature inside the burrow is significantly higher. Although 

many questions remain on how exactly ovigerous females do so, these findings are indices 

that U. deichmanni ovigerous females actively participate in thermoregulation in their 

burrows. The sample size for comparing the upwelling conditions with “normal” conditions 

was fairly small, due two only two days of sampling during upwelling conditions. However, 

when we compared burrow depths with sediment temperature at 20cm (Appendix 7), we 

found that the data were clumped into two groups, with little variance, and this allowed us to 

use these data for further comparative data. Since we found a very significant difference with 

the burrow’s depth and the temperature with such a small sample size, this indicates that the 

significance of this finding is very strong. Hence, increasing the sample size would only 

contribute to increase the strength of that significance.  

There could be several reasons as to why the ovigerous female burrows are deeper. By 

incubating the eggs in a deeper burrow, the effects of changes in water temperature and 

surface sediment temperature can be reduced and therefore we would expect that the female 

would be located more often in the lower part of the burrow. Female fiddler crabs may prefer 

relatively deep burrows because they provide stable thermal environments that yield constant 

embryo developmental rates and do not alter precise schedules of larval release (Christy, 

1987). The bottom temperature of the burrow was in average 27.96 ºC, and the temperature at 

which the female was found at an average temperature of 28.72 ºC, so there appears to be a 

temperature gradient. These temperatures coincided with our observations that the female was 

not exactly found at the bottom of the burrow, but slightly above. Therefore positioning 

within the burrow could be a way by which the female could maintain an optimal temperature 

for egg incubation. Then, regarding the effect of opening and plugging the burrow, we have 

observations in the field that may validate this. Previous observations by Kecia Kerr indicated 

that a burrow plugged and covered by large sediment piles could be a good indicator of 
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ovigerous females. Indeed almost the majority of ovigerous females collected were found 

within these plugged burrows. However, the small sediment piles are residues from feeding 

behaviors and would therefore indicate that the females went out of their burrow to feed. 

There were additional observations of ovigerous females at the surface and within burrows 

not yet plugged. This supports the idea that ovigerous females do come out of their burrow 

during the incubation period and that they do not remain within their burrow during the whole 

period of incubation.  

Moreover, since our average burrow depth is 20 cm and our average size of the burrow 

chamber of the burrow is 10 cm, this means that the sediment temperature outside the burrow 

at10 cm should give a good indication of the temperature at the top of the chamber. Therefore, 

a comparison of the average temperature at 10 cm and the average temperature at 20 cm 

would give us an estimate of the range of temperatures an ovigerous female would have inside 

her burrow.  This would show the female’s ability to thermo regulate within the chamber via 

movements upward and downward.  Since development in Uca terpsichores seems to vary by 

about 1 day with a 1 degree temp change, (Christy, J. H. pers. comm.) a temperature 

difference in the burrow of a couple of degrees could allow females to "control" development 

by a couple of days. Therefore, one important aspect that remains to be investigated is 

whether or not this 1 day/1degree could be also applied to U. deichmanni, and therefore 

having more than one behavioral reaction when ovigerous females are confronted to 

temperature changes. 

 

Burrow Depths 

 Considerable variability was found in male burrow depths. There was no relation 

found between male burrow depth and tide amplitude. Thus, we cannot reject our null 

hypothesis. Burrow depth was not related to the temperature in the sediment near the average 
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burrow depth nor was it related to crab size. The findings did not support any of the 

alternative hypothesises proposed. Also, it is surprising that burrow aperture did not vary with 

crab size.  Tight correlations had been found in other species such as U. crenulata (DeRivera, 

2005). This may be because U. deichmanni often take over or each other’s burrows (Zucker, 

1983). In some cases wandering crabs have been observed occupying empty burrows that 

belonged to another crab (pers. comm. Kecia Kerr). Males were often observed fighting with 

each other during the large amplitude tides and fights did occasionally take place at burrow 

entrances. This may perhaps contribute to the lack of a relationship between burrow aperture 

size and burrow depth. The variability of male burrow depths remains to be explained. 

 The average measurements of male size, carapace width and chela major length, were 

smaller than those found by Zucker (1986), yet they did remain within the ranges found by 

Zucker (1986) (Appendix 4). The difference might be due to smaller sample size or might be 

because Zucker (1986) only collected crabs during peak courtship times, whereas we 

excavated active male crabs throughout the reproductive cycle (Appendix 4).  

 An intriguing behavioral observation was made during peak courtship time. On two 

occasions when a female was observed in a male’s burrow, the male was vigorously digging 

out pellets. The digging behavior was observed after a female entered a male’s burrow and the 

other time was from excavation of male’s burrow that was pulling many digging pellets out of 

his burrow. The male was much larger than the female (See Image, Appendix 5).  These 

behavioral observations need to be to be confirmed by further investigation. It appears that 

males dig once a female joins them in their burrow.  It may be that males extend their burrows 

after a female enters. If this is the case burrow depth may not influence female mate choice 

yet further enquiry is required. It is unknown if after mating females remain in the males 

burrow for U. deichmanni. We tried to determine this by placing a trap over a burrow where a 

female had entered and the male subsequently removed 45 pellets. Unfortunately, the tides 
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proved too strong for the trap to remain in place. Thus, we were not able to determine whether 

the female that had entered the male burrow had left or not. Whether females or males dig 

ovigerous female burrows remains to be investigated.   

 There was one occurrence of autotomy observed. When an Uca deichmanni male was 

exposed in his burrow he dropped his chela major. The phenomena of autotomy may be a 

common defense or predator avoidance mechanism in the species as two other males were 

observed with regenerating claws (see photo, Appendix 6). It is possible that males 

regenerating claws could have been mistaken for non ovigerous females during data 

collection. However, as we only saw two individuals over 29 field days (once during quadrate 

observations and once from an ovigerous female dig) this mistake probably did not occur 

often, if at all. Thus, error in observation due to this is negligible. Yet, it may explain outliers 

of non-ovigerous female burrow morphology. 

These findings are only the first steps toward a better understanding of the effect of 

temperature on the reproductive cycle. As we mentioned in the results, our comparative 

measurements during upwelling conditions were based on only two days of sampling, and an 

increase sample size during upwelling conditions could contribute to reinforce the validity of 

thermoregulation. Furthermore, it would be interesting to look at the behavior of ovigerous 

females during long term temperature changes. For example, upwelling conditions can 

perpetuate for some months, and what would happen if the temperature change is more 

permanent, like in the case of temperature increase due to global warming? Will ovigerous 

females still be able to undergo thermoregulation or is it a short term behavior undergone to 

counter short term changes in temperature? Will females modify their incubation time, like it 

was observed for Uca terpsichores or the timing of mate selection as in Uca pugilator? These 

are questions that should be addressed in order to understand temperature effects and also the 

potential adaptations that fiddler crabs will have to undergo if the global temperature 

37 
 



continues to increase around the Globe. Of course these studies would require extensive 

amount of time and controlled laboratory conditions but nonetheless it could provide an 

interesting step towards a better understanding of adaptive mechanisms of species dependant 

on synchronizing larval release with tide cycles to maintain their populations.  

 
 
 
2.4. Problems encountered and solutions  
 

 During the course of our internship, we encountered difficulties, yet fortunately none 

of them stalled or interrupted the course of our internship. Various challenges arose that had 

to be taken into account in our methodology and the manner in which objectives of the project 

were achieved.  

The first problem encountered was related to replication of methodology. At the 

beginning of the internship, we were both digging burrows and undergoing temperature and 

burrow characteristics measurements for the project ‘Females and Thermoregulation’. 

However, after taking a couple of measurements, we realized we were not measuring exactly 

the same parts of the burrow, and this could significantly affect the reliability of our results. 

There were slight discrepancies when the same field data was being collected by different 

people. In order to minimize this we decided to realize two subprojects that would be 

complementary with the objectives of our internship but that would require two different 

methodologies. Each of us assumed the responsibility to obtain the measurements for one 

project in particular. However, we kept both projects complementary and constantly 

maintained a dialogue in order to be aware of what the other partner would be doing and 

therefore maintain the same line of objectives for our internship.  

 There were also certain aspects in our methodology that needed to be adjusted. An 

element that is crucial in scientific project, especially the ones that involve behavioral studies, 
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is transparency in the interpretations and objectivism. It is very easy to get carried away by 

certain results and when one believes that he is stating to detect a trend, and this can become 

problematic because one can becomes subjective to what one sees and conclude a certain 

behavior that might not actually be so. For example, in the project ‘Female and 

Thermoregulation’, we were recording different temperature, especially the bottom 

temperature of the burrows. The thermometer would take some time before stabilizing and it 

would be easy to write down a certain temperature whereas the accurate temperature would be 

1 degree more, which can be an important difference. In order to prevent this bias, we 

established a standard waiting time of 30 seconds of stabilized temperature before writing it 

down. This would then allow us to rely on the recorded temperature and trust our 

measurements if we saw a significant correlation or trend.  Methodology also had to be 

adjusted to facilitate data collection during the neap tides when Uca deichmanni were less 

active. The number of adjacent quadrates was increased so that in periods of low activity we 

could attempt to reach desired data collection goals.  

 There is a potential problem with our assumption that there were no differences 

between the two sites of observations, Puente and Punta Culebra. Since the end of January, 

we have had been taking measurements and observing Uca deichmanni behaviors at these two 

sites and pooled them together in order to have a larger sample size for our analysis. This 

practice is common place, but naturally raises some questions of reliability. For example, if 

we consider that at Puente there is relatively more human disturbance than at Punta Culebra, 

is the degree of disturbance of the sites affecting crab behavior? We have assumed that it 

would not have a significant impact since when we were present on both beaches during low 

tide, when the crabs are active, we did not see people walking near our areas of measurement. 

Moreover, behaviors were recorded over 4 months, which could encompass a couple of 

observations where disturbances could have occurred at both sites. Another site difference 
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that deserves attention is the difference in soil components. At Punta Culebra, the soil is 

rockier and contains an abundance of seashell pieces and the sand grains are bigger, which 

makes it an overall more compact soil. In Puente, the soil is generally moister and sand grains 

are smaller, making it less compact. These differences could potentially affect the depth at 

which males can dig their burrows, and therefore affect our results. After discussions on the 

subject with other parties, we concluded that the effect would not probably be significant. 

However, we consider that it would be interesting and relevant to undergo a soil sampling at 

both sites and determine all its components, such as grain sizes and element present in the 

soil. Even if we will not be able to make these analyses during our internship, they will be 

carried out later on by Kecia Kerr.  

  Finally, one of the greatest challenges was something that we had no control over: 

weather conditions. Crabs were not active during rain or when it was very cloudy or cool. 

Crabs were also inactive at low tides that were near sunrise and sunset. This limited data 

collection for neap tides for our study. 

 
 
 
2.5. Conclusion 
 

The general goal of our project was to investigate U. deichmanni burrow characteristics in 

relation to the reproductive cycle. More specifically, we addressed specific questions 

regarding male burrows characteristics as to better understand how they vary during the cycle, 

from courtship to incubation: are the burrows different for males and females? Do male’s 

burrow depths vary with tide amplitudes? By looking at these questions, we could see if 

burrows characteristics could have an influence in mating selection for females. Then, we 

looked at the effect of the temperature on the reproductive cycle and how females would react 

to temperature changes such as those due to upwelling.  
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 We established there is a significant difference in burrow depth between males, non- 

ovigerous females and ovigerous females, and that male burrows are at an intermediary depth. 

Regarding the importance of temperature, we found that ovigerous females tightly tie their 

larval release with large tide amplitudes and that they must actively participate in regulating 

the temperature of their burrow, thus showing a phenomenon of thermoregulation. These 

results are only the first steps toward further investigations to be done and many questions 

remain unanswered. For example, it would be of interest to determine what influences the 

variability in burrow depths observed in males and females.  In future investigation emphasis 

could be put on determining the sequence of events after mating in this species to better 

understand how females manipulate their larval release.  It remains to be determined if 

females remain in the male’s burrow after mating. It may be that the male further extends the 

depth of the burrow and the female stays there to incubate. Establishing how the ovigerous 

burrows are constructed and maintained may provide insight to how females actively thermo-

regulate.   

The behavior observed and results obtained contribute to a better understanding of this 

specific species of fiddler crab. Throughout the paper, we have used the behavior of other 

fiddler crabs to serve as guidelines for U. deichmanni. It is important to note that U. 

deichmanni appear to have unique features in their courtship system and also potentially in 

their means of incubation.  It was confirmed that the species do synchronize their larval 

release with large amplitude tides.  Understanding how the species actively thermo-regulate 

and achieve the synchronicity of larval release with large amplitude tides regardless of 

temperature variation would elicit how climate changes may affect the species and other 

intertidal marine organisms with similar reproductive cycles.  
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6. Appendices 
 

 
Appendix 1:  Image of an ovigerous female’s burrow 
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Appendix 2: Image of Zoé taking an ovigerous female’s burrow temperature measurements. 

 

 
 
 
 
 
 

 
 

         
         
Appendix 3: Summary of ANOVA 
Single Factor Test       

Groups Sample Size Sum Average Variance   
Ovigerous Female Burrow depth (cm) 68 1415.2 20.81176 24.19538   
Male  Burrow Length (cm) 119 1935.55 16.26513 18.1382   
Female Burrow Length (cm) 114 1683.4 14.76667 13.64344   
       
ANOVA       

Source of Variation SS            df MS F P-value F critical 
Between Groups 1598.076 2 799.0382 44.90073 9.02E-18 3.026051
Within Groups 5303.107 298 17.79566    
       
Total 6901.183 300         
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Appendix 4: Male and female Uca deichmanni excavated from the same burrow 

 
 
 
 
 
 
 
 

Appendix 5: Male Uca deichmanni that is regenerating his chela major on the left 
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Appendix 6: Male Uca deichmanni size measurements taken at Punta Culebra 
 
Study site and 
year Punta Culebra 2008 Punta Culebra 1986 (Zucker 1986) 
Collection times though out reproductive cycle peak reproductive times 
Uca deichmanni 
Measurements 

Chela Length 
(mm) 

Carapace width 
(mm) 

Chela Length      
(mm) 

Carapace Width      
(mm) 

N 52 47 111 111 
Average 13.12 9.16 16.5 9.6 
Standard 
deviation 3.496 3.173 11.2 1.7 
Range 9.63-16.6 5.99-12.3 5.3-27.7 7.9-11.3 

 
 
 
 
 
Appendix 7: Comparison of the burrow’s depth versus recorded sediment temperature at 20 
cm. 

Burrow depth vs. Sediment Temperature at 20 cm

R2 = 0,2062
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