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ABSTRACT 

BURROWING BEHAVIOR OF THE FIDDLER CRAB 

UCA PANACEA IN RELATION TO FOOD AVAILABILITY 

by Jennifer Arin Mraz 

August 2010 

Much of fiddler crab behavior is regulated by the tides and centers around their 

burrows. Field and laboratory studies were conducted to assess the effect of food 

availability on burrowing in the Gulf coast fiddler crab, Vea panacea. In the field , crabs 

were observed for droving behavior through visual observations; evidence for this 

behavior was assessed further by determining sediment organic content. Although the 

organic content did increase significantly as distance increased from the edge of the 

water, fiddler crabs did not exhibit droving behavior at my study site. Field burrows 

were cast and measured for depth, diameter and volume to determine if burrow size 

changed as distance increased from the water. Burrow size did not differ significantly 

based on distance from the water. In the laboratory, males and females were randomly 

assigned to either low food (0.2% sediment organic content) or high food (1.5% sediment 

organic content) treatments for a period of 12 d; plaster casts of burrows were measured 

as above. When male and female results were pooled, there was a significant difference 

between low and high food treatments in burrow depth, diameter and volume. When 

crabs were grouped by carapace width into small (8.0-11.0 mm) and large (11.1-15.0 

mm) size classes, diameter was the only burrow parameter that differed significantly. 

II 



Food availability did affect some aspects of fiddler crab burrowing behavior; 

understanding what affects burrowing may shed light on fiddler crab importance and 

impact on ecosystem composition and processes. 

111 
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CHAPTER I 

INTRODUCTION 

Fiddler crabs, members of the family Ocypodidae and genus Uca, inhabit 

coastline environments in tropical and temperate regions worldwide (Mouton and Felder, 

1995). They are selective deposit feeders and scavenge for food such as detritus, algae 

and bacteria in sediment at the edge of the water (Heard, 1982). Male and female fiddler 

crabs are morphologically distinct from each other, with males possessing one chela 

larger than the other whereas females have two small chelae of the same size. Females 

are capable of using both chelae for foraging whereas males use only the minor chela for 

foraging; consequently, males must forage faster or for longer periods of time than 

females (Crane, 1975). The behavior of fiddler crabs is influenced particularly by tidal 

cycles (Mouton and Felder, 1995). Crabs construct burrows that they plug up and inhabit 

throughout periods of high tide; they unplug and leave the burrow to feed and court mates 

during periods of low tide (Wolfrath, 1992). Breeding males remain near their burrow 

entrance to defend it against wandering males and to court females (Christy, 1982). One 

courting method commonly used by males is moving the major chela in species specific 

motions (Heard, 1982) to attract females to inspect his burrow (Christy, 1982). Once the 

female has accepted a mate, the male uses sand to seal the burrow entrance with both 

crabs inside. North and South American species of fiddler crabs typically mate in this 

way whereas in lndo-Pacific and western Pacific species the females defend burrows and 

mate on the surface (Christy and Salmon, 1984). 

The Gulf coast fiddler crab Uca panacea is found from the Florida panhandle 

along the Gulf of Mexico to Texas (Heard, 1982) mainly in sandy habitats with little or 
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no mud (Powers, 1975). Novak and Salmon (1974) recognized U. panacea as a separate 

species, distinct from its morphologically and behaviorally similar close relative Uca 

pugilator. Since its description, U. panacea has been examined with respect to 

reproductive isolation (Salmon et al. , 1978), foraging behavior (Caravello and Cameron, 

1987a, 1987b), allocation ohime to different activities (Caravello and Cameron, 1991), 

habitat preference (Powers, 1975; Powers and Cole, 1976; Thurman, 1984), behavior in a 

nontidal environment (Powers, 1975), color change (Rao and Brannon, 1978), 

osmoregulation (Thurman, 2002; Thurman, 2003a, 2003b) and molecular systematics 

(Mangum, 1996; Rosenberg, 2001 ). 

Burrows serve many functions for fiddler crabs: attracting a mate, reproduction, 

protection from fluctuating environmental conditions and protection from predators (Lim 

and Heng, 2007). Burrow morphology (e.g., diameter, length, depth, volume) can vary 

based on the spatial distribution of burrows (Mouton and Felder, 1996; Lim and Diong, 

2004). Variability in burrow morphology is also seen between Uca species, likely due in 

part to their varying habitat preferences. Lim and Diong (2004) found that Uca annulipes 

burrows are deeper when located further from the edge of the water. Mouton and Felder 

(1996) noted the same relationship for Uca longisignalis in a salt marsh in Louisiana but 

not for Uca spinicarpa. On the other hand, Bertness and Miller (1984) found that on 

average U. pugnax burrow diameters were larger, depths were shorter and volumes were 

smaller as the distance from the water increased. To date, burrow dimensions in a tidal 

environment have not been explored in U. panacea. 

Fiddler crabs have been known to exhibit droving behavior in response to food 

availability. Droving is defined by Crane (1975) as the mass movement of crabs from 
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higher elevated areas to lower elevated areas while the tide ebbs and back to higher 

elevated areas as the tide flows. Some advantages of this behavior to fiddler crabs have 

been suggested: they move in groups to reduce the risk of predation (Viscido and 

Wethey, 2002), minimize individual water loss (Yoder et al. , 2005), locate patches of 

high food availability brought in by the tide (Murai et al., 1983) and locate patches of 

enough sediment water content to facilitate feeding (Henmi, 1989). In order for droving 

to be advantageous for feeding in U. panacea, two criteria must be met: ( 1) individuals 

move as one towards the edge of the water and back towards their burrows with the ebb 

and flow of the tide; and (2) the sediment organic content is greatest in the area closest to 

the water and decreases as distance from the water to the burrows increases (Robertson et 

al. , 1980; Murai et al., 1982). 

Since fiddler crabs typically forage on nutrients left by the tide, crabs that build 

burrows closer to the edge of the water potentially could have more food available to 

them than crabs living further away from the incoming tide (Murai et al., 1983). If more 

food was available, then crabs could spend less time foraging thereby enabling them to 

utilize more time and energy on other activities such as building and maintaining 

burrows. However, crabs with burrows further away from the edge of the incoming tide 

would have more time to forage for food since their burrows are the first uncovered by 

the receding tide and the last to be covered by the incoming tide. Based on these 

observations, fiddler crab burrowing behavior could be influenced by food availability. 

The purpose of the present study is to determine: (1) if U panacea forms droves 

based on food availability; (2) if burrows of male and female U. panacea will increase in 

diameter, depth and volume as distance increases from the edge of the water; and (3) if 



fiddler crabs individually isolated in mesocosms in the laboratory will construct and 

maintain larger burrows if there is a high amount of food available than individuals with 

a low amount of food available. 

4 



CHAPTER II 

MATERIALS AND METHODS 

Field Site 
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The study site was the sandy bank (7 m long by 3 m wide) near a bridge over an 

estuary in a salt marsh along East Beach Drive in Ocean Springs, Mississippi, USA 

(30°23'56"N; 88°48'57"W). The site is adjacent to an artificially constructed sand beach. 

The field study was performed at this site and U. panacea individuals for the laboratory 

portion of the study were collected here. 

Assessment of Droving Behavior 

In summer 2008, large numbers of fiddler crabs were feeding near the edge of the 

water at the study site (Jennifer Mraz, personal observation), which suggested they may 

have been droving. During a 10 d period in late May 2009, crabs were observed to 

determine if they exhibited droving behavior; the study was conducted when the tide was 

down and during daylight hours (6 - I 4 h depending on conditions). Observations for 

potential droving behavior were also made in the afternoon (2 - 4 h) approximately every 

two weeks during July - September 2009. 

Food availability at the field site was determined by taking sediment cores and 

assessing them for organic content (Genoni, 1991 ). Cores of the top 5 mm of sediment 

were taken during low tide using a PVC pipe (22 mm in diameter) . Cores were taken 

along transects at 0.5 m intervals both perpendicular and parallel to the edge of the water 

as far as U. panacea individuals are found (Fig I.). Sediment cores were taken on the 

same days that crab collections were made (see laboratory experiment described below) 

for a total of fi ve replicate samples for each of the 42 sample locations. 



<LO 0.5 LO 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 

Parallel to F..dge ofWatcr (m) 

F'ig. L Pictorial representation of sediment sampling trnnsects. Open circles ( o) represent sampled locations. 
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One sample at the perpendicular 0.5 m, parallel 4.5 m quadrant (see Fig. 1) was discarded 

due to measuring error, so there was a total of four replicate samples from that one 

location. 

Dry weight (DW) and ash free dry weight (AFDW) of the sediment samples were 

measured according to Paine ( 1971 ). Dry weight was determined using a drying oven at 

80°C; the sediment was dried to constant weight and weighed to the nearest 1 mg using a 

Mettler AJ 100 Analytical Balance. Ash free dry weight was determined using a Blue M 

Box Type Muffle Furnace; samples were dried to constant weight at 500°C and weighed 

as above. The percent organic content was calculated as follows: 

%0C = [(DW - AFDW)/DW]*IOO. 

Field Burrows 

Burrows to be cast were haphazardly selected 1 - 2 m from the edge of the water 

within a 2 x 1 m plot, with the 2 m section oriented parallel to the water. Polyester resin 

was used for casting since it hardens even in areas containing water (Shinn, 1968) and 

easily flows deep into small constricted burrows (Frey et al., 1973). Approximately 0.19 

ml of MEK (methyl ethyl ketone) hardener was used to keep resin from seeping into the 

sand when poured down burrows. After the casts had hardened for - 10 h, they were 

removed by hand from the sediment, rinsed and measured for depth, mean diameter and 

volume. Burrow depth was estimated by measuring the straight line vertical distance of 

the cast when oriented as when it was in the ground. Burrow diameter was determined 

using vernier calipers to measure the diameter at every 1 cm interval along the length of 

the cast and calculating the mean burrow diameter, henceforth referred to simply as 

burrow diameter. Volume was estimated by taking the measured diameters every 1 cm 
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along each cast to calculate the volume of each 1 cm section of the cast as a cylinder 1 

cm in height and adding all the cylinder volumes together. In previous studies, burrow 

volume has been estimated using water displacement (see Katz, 1980). However, this 

method was not used in my study because of the absorptive nature of Plaster of Paris used 

to make burrow casts in the laboratory experiment (see last paragraph of lab experiment 

section, p. 10). I chose to use the same method to determine burrow volume regardless of 

the medium used to make the casts. 

Laboratory Experiment 

At least 30 U. panacea individuals were collected by hand at two week intervals 

from June through October from the site described above. Collection alternated between 

selecting only males and selecting only females at each two week interval. Crabs were 

transported to the University of Southern Mississippi in Hattiesburg, Mississippi, USA, 

and were individually isolated in large culture dishes with seawater at 15 ppt. The 

carapace width, carapace length and dorso-ventral thickness (Borgianini, 2008) were 

recorded for each individual to the nearest 0.1 mm using vernier calipers. Crabs were 

acclimated to the laboratory in an environmental chamber (Percival Scientific, Model IR-

89X; Watlow Control, Series 942) for approximately 3 days without food on a light: dark 

cycle of 14: 10. Temperature in the chamber was cycled daily between 23°C (at 3 A.M.) 

and 31 °C (at 3 P.M.) to approximate the natural die! temperature cycle in the field. 

Laboratory temperatures were based on the average low and high temperatures during the 

summer months over the past ten years at the collection site (Each Town, 2001-20 I 0). 

Thirty mesocosms (-68 cm in height) were constructed using two - 19 L (standard 

5 gallon) plastic buckets with their tops joined by silicone, duct tape and four metal 
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brackets ( adapted from Genoni, 1991 ; Fig. 2A ). The bottom was cut out of the 

uppermost bucket and the mesocosm was filled to - 60 cm in height with moist sand 

(poured through a 2 mm sieve); the sand was obtained from an area adjacent to the crab 

collection site. At the end of the acclimation period, 30 crabs were randomly assigned to 

one of two treatments ( n = 15 crabs for each of the two treatments) based on values 

reported by Reinsel and Rittschof (1995): sediment with a high amount of food (- 1.5% 

organic content) or sediment with a low amount of food (- 0.2% organic content). Food 

mixtures comprised sand heated at 500°C for at least 24 h and then allowed to cool; 

Tetrafauna TM Hermit Crab Meal was added to the sterilized sand at the appropriate 

concentration to produce the high or low food condition. 

During preliminary testing of the mesocosms, almost all crabs constructed 

burrows along the edge of the container. To keep burrow construction from having an 

edge effect, a mesh enclosure, 20 cm in diameter and 11 cm in height (Fig. 2B), was 

constructed from aluminum screening and inverted in the center of each mesocosm; the 

free edge of the mesh cylinder was buried 1 cm deep. Approximately - 147 ml of the 

respective food mixture was spread onto the sand surface under the enclosures. This 

amount represented the area under the enclosure to a depth of - 5 mm, the lowest depth to 

which fiddler crabs forage in the field (Reinsel, 2004), minus the area of the water dish in 

the center (6 cm in diameter and 1.25 cm in height). The water dish was filled with - 130 

ml of seawater at 15 ppt and replenished daily as needed. Before placing each crab in its 

respective mesocosm beneath its enclosure, the top sediment was moistened with reverse 

osmosis water. Crabs were then left in their mesocosms for - 12 days. The top sediment 

was moistened with reverse osmosis water daily to simulate the moistening of the 



sediment by the tide; this is an essential stimulus that induces fidd ler crabs to feed 

(Reinsel and Rittschof, 1995). 

Fig. 2. Experimental mesocosm. A, side view; B. top view showing the mesh enclosure 
and water dish in place; the fiddler crab is inside its water dish. 

10 

At the end of the 12 day experimental period, a cast of each burrow was made 

using Plaster of Paris at a 1: 0.75 plaster to water ratio; the mixture was poured down any 

open burrows using a plastic squeeze bottle with - 15 cm of 0.6 cm diameter plasti c 

tubing attached to the tip (Katz, 1980). After 24 h, the upper - 4 cm layer of sand 

containing the food mixture was removed from each mesocosm , plaster casts were 

excavated by hand and any remaining crabs were removed. Each mesocosm was then 

prepared for the next trial by being refilled with moist sand to - 60 cm in height. Casts 

were measured for the same burrow parameters as described above for the resin casts: 
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depth, mean diameter and volume. If a crab dug more than one burrow, then the deepest 

depth was used; diameters were averaged and volumes were summed. 

Data Analysis 

All data failed to meet parametric assumptions even with transformations. A 

Kruskal-Wallis Rank Sum test followed by post-hoc analysis (Zar, 20 10) was used to 

determine significant differences between the organic content of sediment at different 

distances from the water. Field and laboratory burrow data were analyzed separately 

using Wilcoxon Rank Sum tests for each burrow parameter (depth, diameter, volume) to 

determine significant differences between groups (and between sexes for the laboratory 

data only). Each crab was considered an independent replicate and was only used once. 

The laboratory experiment was replicated three times using males and two times using 

females. Since each replication of the experiment was run under identical conditions, 

data were pooled across treatments. Wilcoxon Rank Sum tests were used to assess the 

relationships between burrow parameters and crab size (carapace length, carapace width, 

dorso-ventral thickness). For easier comparison and analysis between small and large 

crabs, crab carapace width was pooled into two size classes (8.0 - 11 .0 mm and 11 .1 -

15.0 mm) based on the middle two size classes used by Genoni (1991 ). All analyses 

were performed using JMP 8 statistical software (SAS) and significance was determined 

at the 0.05 alpha level. 
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RESULTS 

Assessment of Droving Behavior 
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Over the 10 d observation period in May 2009, fiddler crabs were never observed 

moving in large groups to forage at the edge of the water. All crabs stayed relatively 

close to their burrows while foraging. From July to September, more crabs appeared to 

be foraging than in May, but no mass movement of crabs from one area to another was 

observed. 

Percent organic content (% OC) decreased as distance increased from the edge of 

the water (Fig. 3). The median% OC at 0.0 m (0.63%) and at 0.5 m (0.55%) were not 

significantly different from each other but were significantly higher than the% OC at 1.0 

m and 1.5 m. The median% OC at 1.0 m (0.36%) and 1.5 m (0.34%) were not 

significantly different from each other but they were significantly lower than at 0.0 m and 

0.5 m. 

Field Burrows 

Fiddler crab burrows located 1.0 - 1.5 m from the edge of the water had shorter 

depths, smaller diameters and smaller volumes than burrows located 1.5 - 2.0 m from the 

edge of the water (Table 1 ). However, the differences in depth, diameter and volume 

were not significantly different between the two groups. 

Laboratory Experiment 

Female fiddler crabs excavated burrows that were larger overall (depth, diameter, 

volume) than males but none of the differences were statistically significant (Table 2). 
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Fig. 3. Wilcoxon Rank Sum analysis of percent organic content of sediment along 0.5 m 
transects perpendicular to the edge of the water. The middle lines inside each box is the 
median; the lines immediately above and below being the 75111 and 25111 percentile 
(quartiles), respectively. Whiskers mark the 1.5 Interqua1iile Range; values outside the 
whiskers are considered statistical outliers. The same letters above the bars indicate no 
significant difference in means. 
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Table I 

Summary Statistics and Wilcoxon Rank Sum Significance Test Results Comparing Field 

Burrow Parameters to Distance from the Water 

Burrow Distance 25°,o 
:Median 

75% 
Range N > p - Yalu..: 

Parameter Interval Qua11ile Quai1ile 
"[ 

DE (cm) l.0-l.5m 7.6 9.0 10 .0 6.4- 11.7 18 2 .02 0.156 

1.5 - 2.0 111 8. 1 10.6 11.9 6.8 - 12.9 17 

DI (cm) 1.0 - 1.5111 1.4 1.5 1.8 1.1-2.2 18 0.18 0.668 

1.5-2.0 111 1.4 1.6 1.9 1.3 - 2.4 17 

V (cm3
) 1.0- 1. 5111 14.3 19.8 29.9 7.9 - 40.7 18 0.37 0.541 

1.5 - 2.0 111 13.5 18.5 41.2 11.3 - 70.4 17 

Note: DE, depth ; DI, diameter; V, volume 

Table 2 

Summary of Wilcoxon Rank Sum Significance Tests of Lab Burrow Parameters between 

Sexes 

Burrow 
Sex 

25% 
Jvkdian 

75°'o 
Range N z p - , ·a!ue 

Parameter Qua1tile Qua1tile 

DE (cm) Female 13.4 25 .1 43.l 5.9 - 59.6 47 1.45 0. 147 

1.fale 12.2 15.7 33.4 3.3 - 60.4 59 

DI (cm) Female 1.4 1.8 2 .3 1.2 - 3.8 47 l.43 0. 152 

Male 1.3 1.6 2.2 1.0 - 2.9 59 

\i (cm3
) fc:mak 3-l6 89.5 177.6 12.0 - 351.4 47 1.22 0.22 1 

:t\fak 27.5 5-l5 188.8 2 .8- 4 17.7 59 

Note: DE, depth ; DI , diameter; V, volume 



15 

Females and males pooled in the high food treatment excavated burrows that were 

significantly larger in depth, diameter and volume than crabs in the low food treatment 

(Table 3). All crabs used in the experiment dug burrows during their 12 d trial period, 

but the sample size was decreased due to crab burrows not being open at the time of 

casting or if upon excavation a burrow was found to not be completely filled with plaster. 

Two male crabs in one trial and one female crab in a separate trial were found dead 

during the course of the study; all three were in the high treatment group. 

Crab size was not significantly different between males and females (Table 4) or 

between high and low food treatments (Table 5). There were some differences in burrow 

parameters when comparing small crabs (CW size class 8.0 - 11.0 mm) to large crabs 

(CW size class 11.1 - I 5.0 mm) (Table 6). On average, smaller crabs had deeper 

burrows than larger crabs but the difference was not statistically significant. Larger crabs 

had wider and larger volume burrows than smaller crabs but the difference was 

statistically significant only for diameter. 

.... 
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Table 3 

Summary of Wilcoxon Rank Sum Significance Tests of Lab Burrow Parameters between 

Treatments with Males and Females Pooled 

Burrow 
Treatment 

25% 
:tvkdian 

75% 
Range N z p - value 

Parameter Qua1iile Quaiiile 

DE (cm) High 13.5 21.4 45.7 5.4 - 60.4 52 2.32 0.0204* 

Lov; 10.9 15.6 32.2 3.3-5 1.6 54 

Dl (cm) High 1.4 1.8 2.4 1.2 - 2.9 52 2.24 0.0248* 

Low 1.3 1.6 2.0 1.0 - 3.8 54 

V (cm3
) High 39.5 92.8 183.0 10.5 - 4 17.7 52 2.63 0.0085* 

Low 24.5 43.7 112.5 2.8 - 255.4 54 

Note: DE, depth; DI, diameter; V, volume 

Table 4 

Summary Statistics and Wilcoxon Rank Sum Significance Test Results Comparing Crab 

Parameters between Males and Females Tested in the Lab 

Crab 
Sex 

25% 
"f\,{edian 

75~o 
Range N z p - rnlue 

Parameter Quartik Qua11ilc 

C\.Y (nun) Female 9.7 10.4 11.3 8.4 - 14.1 47 0.14 0.886 

t\ Iale 9.3 10.5 11.6 8.3 - 14.5 59 

CL(nun) Female 6.9 7.4 8. 1 5.9 - 10.2 47 0.74 0.457 
\Iale 6.6 7.4 8.4 5.7 - 10.8 59 

DT(nun) Female 5.3 5.7 6.3 4.7 - 8.2 47 1.1 6 0.247 
1\fale 5.0 5.6 6.5 4.4 - 8.0 59 

Note: CW, carapace width; CL, carapace length; DT, dorso-ventral thickness 



Table 5 

Summary Statistics and Wilcoxon Rank Sum Significance Test Results Comparing Crab 

Parameters between High Food and Low Food Treatments in the Lab 
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Crab 
Treatment 

25% 
Median 

75% 
Range N z p - value 

Parameter Quartile Quartile 

CW (nun) High 9.8 10.5 11. 7 8.3 - 14.5 52 0.98 0.32G 

Low 9.4 10.3 11.4 8.3 - 14. l 54 

CL(nun) High 6.9 7.4 8.4 5.7 - 10.8 52 1.14 0.255 

Low 6.6 7.3 8 .1 5.7 - 10.2 54 

DT(nun) High 5.3 5.7 6.5 4.4 - 8.0 52 0.94 0.348 

Low 5.0 5.7 6.3 4.5 - 8.2 54 
Note: CW, carapace width; CL, carapace length; DT, dorso-ventral thickness 

Table 6 

Summary Statistics and Wilcoxon Rank Sum Significance Test Results Comparing 

Carapace Width Size Classes Among Burrow Parameters in the Lab 

Burrow CW Size 25% 
Median 

75% 
Range N z p - value 

Parameter Class (mm) Qua11ile Quartile 

DE (cm) 8.0 - 11.0 12.4 19.3 42.3 57.7-3.3 73 -0.90 0.368 

11.1 - 15.0 12.3 15.7 32.2 60.4 - 5.9 33 

DI (cm) 8.0 - 11.0 1.3 1.6 1.9 2.9 - 1.0 73 3.88 0.0001 * 

11.1- 15.0 1.6 2.1 2.5 3.8 - 1.2 33 

V (cm3) 8.0 - 11.0 24.9 50.2 132.G 351.4 - 2.8 73 1.91 0.057 

11.1-15.0 42.8 89.5 141. l 417.7 - 14.3 33 
Note: CW, carapace width; DE, depth; DI, diameter; V, volume 
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Murai et al. (1982) stated that droving occurred in Vea vocans vocans because the 

organic content near the edge of the water was greater there than around the burrow area; 

the authors further stated that Vea lactea perplexa did not form droves because the 

organic content around their burrows and near the edge of the water did not differ 

significantly from each other. Even though the organic content at my field site was 

higher near the water and decreased towards the burrow area, droving was not observed 

in U. panacea. Caravello and Cameron ( 1987b) stated U. panacea individuals did not 

form droves at their site; crabs first feed around their burrows and then continue foraging 

short distances away, which is confirmed by my observations. In my study the organic 

content closest to the edge of the water may not have been so much higher than near the 

burrow area that it stimulated droving behavior. Reinsel and Rittschof (1995) studied the 

droving species U. pugilator and determined the average % OC at the edge of the water 

was 0.22%, in the zone between the edge and the burrows was 0.70%, and around the 

burrows was 2.90%. In their study, the% OC was more than ten times higher in the area 

closest to the water than in the burrow zone whereas in my study the % OC near the edge 

of the water was only about two times as high as in the burrow area. 

The nature of my field site could also have accounted for the absence of droving 

behavior in U. panacea. This species prefers sandy habitats with little or no mud 

(Powers, 1975); however mud was present at my field site at - 3 m from the edge of the 

water. The area transitions from a sandy, Spartina alterniflora, U. panacea dominated 

habitat into muddy, Spartina patens, Distichlis spicata, Vea longisignalis and Vea 
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spinicarpa dominated habitat (Jennifer Mraz, personal observation). Because U. panacea 

inhabits an area so close to the edge of the water, leaving the safety of the burrow area to 

forage in a large mass closer to the water may not be advantageous. Vea pugilator can be 

found in large open areas and forms large masses in an attempt to decrease the risk of 

predation (Viscido and Wethey, 2002); this behavior could be more advantageous to a 

species in that situation than at my study site. Since the area occupied by U. panacea at 

my site was so small, the crabs had a very short distance to transverse to their burrows if 

startled by a predator. 

Other suggested reasons for droving behavior such as sediment water content and 

reducing individual water loss may also not be relevant for crabs living in a small area. 

Since the edge of the water was a relatively short distance (maximum of - 3 m) from 

burrows at my study site, the sediment water content may not have been particularly 

variable in the sandy area U. panacea inhabited. Low population density could have 

played a role in U. panacea not exhibiting droving behavior. There were more U. 

panacea individuals during summer 2008 when my initial observations of possible 

droving behavior occurred than when I conducted my droving study in spring 2009. 

Adverse weather conditions on the coast (i.e., Hurricane Ike) in fall 2008 altered the 

topography of the habitat and also appeared to have affected the density and distribution 

of fiddler crab and plant species at the field site. Due to the decrease in fiddler crabs, 

there may have been less competition for space and food in summer 2009, so that droving 

was not advantageous. 

As mentioned above, U. pugilator is a droving species whereas U. panacea has 

not been documented to drove. This species specific behavior could be an effect of size. 
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In their original description of the species, Novak and Salmon (1974) stated male U 

panacea individuals are not as large as male U pugilator. Larger crabs may have more 

energetic demands for food than smaller crabs, thus making droving more advantageous 

to the larger species U. pugilator, which typically can be found in large masses (Heard, 

1982). 

Because fiddler crabs only leave their burrows when the tide is low, there is 

limited time each day to devote to surface activities such as feeding, finding a mate, and 

building and maintaining burrows. The Gulf of Mexico experiences diurnal tidal cycles; 

therefore, crabs further from the edge of the water would have a longer time to conduct 

day to day activities than crabs closer to the water. Even though there was a tendency in 

my study for burrows closer to the water to be smaller on average than those further 

away, the difference in size was not statistically significant. This could be due to the 

sampling area being limited to l - 2 m from the edge of the water; burrows sampled over 

a wider range perhaps could have shown statistically significant differences in size. For 

example, Wolfrath ( 1992) found Uca tangeri burrows within a 2 x 3 m sampling area to 

be 5-8 cm shorter in areas closer to the water than burrows further away located among 

Salicornia spp.; however, this author did not present a statistical analysis of the data so a 

direct comparison with my data is not possible. Similarly, Klaassen and Ens (1993) found 

U. tangeri burrow depths to increase further away from the water. Mouton and Felder 

(1996) found U. longisignalis burrow depths increased significantly as distance increased 

along a 15 m long transect from the edge of the water. Lim and Diong (2004) found 

similar results for Uca annulipes; burrows were deeper further from the water. Bertness 

and Miller (1984) found U. pugnax burrows significantly increase in diameter as distance 



21 

increased from the edge of the water; they also decrease in depth and volume, though the 

differences were not statistically significant. 

Another possibility for differences in burrow morphology based on distance from 

the water is that other environmental factors could have a greater affect than food 

availability, even over small spatial scales. Fiddler crabs tend to build burrows away 

from the edge of the water to take advantage of the increased stability of the substrate and 

support offered by vegetation or attached mussels (Bertness and Miller, 1984; Genoni, 

1991 ). By increasing burrow stability, crabs can decrease the cost associated with 

burrow maintenance (Bertness and Miller, 1984). An individual burrow can be used for 

long periods of time so stability is important; Vea tangeri burrows for example are used 

for - 3 months before being abandoned (Wolfrath, 1992). These same Vea tangeri 

burrows need to be very stable since the crabs are not active on the surface in winter and 

neither are a lot of other Vea species. Vea panacea is not active on the surface in winter 

when temperatures are less than 20°C (Powers and Cole, 1976). Vea pugilator 

individuals have been reported to be active only when the temperature is greater than 

18°C, with 25°C being optimum (Knopf, 1966). When temperatures are below l 8°C for 

long periods, fiddler crabs can lose locomotory function and molting can be stalled 

(Powers and Cole, 1976); at temperatures high above optimum, fiddler crabs restrict their 

surface activity to the early hours of the morning and a few hours before sunset. 

Temperature and vegetation are separately known to be important in regards to fiddler 

crab behavior, and it has also been suggested they are important to consider together. 

Powers and Cole (1976) found that compared to non-vegetated areas, areas with clumped 

vegetation had as much as a 10°C decrease in temperature at the surface. This decrease 
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in surface temperature would translate to lower temperatures inside burrows in vegetated 

areas. In their study, U. panacea tended to build burrows near vegetation, potentially for 

burrow temperature regulation. 

Fiddler crabs must obtain enough energy through foraging to take care of their 

burrows since a burrow is essential to the long term survival of individuals. If the 

sediment organic content is low in the area where fiddler crabs live, crabs may be forced 

to devote less energy to burrowing because oflonger feeding activities. If the sediment 

organic content is high, crabs should be capable of devoting more energy to burrowing. 

This trend was seen in my laboratory study; crabs in the high food treatments constructed 

significantly larger burrows than crabs in the low food treatments. Genoni ( 1991) 

suggested c~abs would burrow more when less food was available in order to stimulate 

the growth of microorganisms for them to feed upon, and found this trend to be true for 

smaller Uca rapax crabs. In my study, crabs did not appear to burrow more when less 

food was available in an effort to increase food availability. Genoni (1991) found on 

average larger U. rapax crabs burrow deeper than smaller individuals. In my study, 

smaller U. panacea crabs dug deeper than larger individuals. This difference in results 

could be due to the sediment characteristics of the preferred habitat of each species 

compared to the energetic costs/benefits of moving sediment from deeper depths for 

smaller versus larger crabs. Other differences in environmental conditions between the 

preferred habitats of each species could also play a factor. Wolfrath (1992) suggested 

weather conditions have less of an impact on deeper burrows and that larger burrows 

preserve the supply of oxygen in them when they are plugged. Lim and Dong (2004) 

suggested longer burrows aid in temperature regulation. 
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In my study, female crabs constructed larger burrows than males, although the 

results were not statistically significant. Genoni (1991) demonstrated U. rapax males 

built deeper burrows than females. Females are regarded as better burrowers than males, 

with larger males having more difficulty burrowing than smaller males (Bertness and 

Miller, 1984), presumably because of their larger major chela. Females also tend to build 

more burrows than males since they are more likely to be displaced from their burrows 

by males (Bertness and Miller, 1984). 

There were some differences in burrow size and food availability in my study 

between the field site and laboratory experiment. The range and maximum size of 

burrows cast at the field site (7.9-70.4 cm3
) were much smaller compared to burrows cast 

in the laboratory experiment (2.8-417. 7 cm\ Crabs at the field site experience tidal 

inundation on a daily basis, which can disturb the sediment and cause short burrows or 

the top sections of long burrows to be destroyed. The presence of tidal currents or wave 

action could be a deterrent for digging large burrows since they risk getting wiped out 

and would have to be dug again day after day. In the laboratory experiment tidal currents 

or wave action were not present. The daily addition of water to the sediment surface of 

mesocosms was not enough to damage burrows; it only provided moisture to stimulate 

crab feeding. Also, the median levels of organic content found at the field site (high: 

0.63%; low: 0.34%) differed from the mean levels of organic content used in the 

laboratory experiment (high: 1.5%; low: 0.2%). Even though this was the case, the levels 

of organic content used in the laboratory experiment were not so different as to produce 

an unnatural burrowing response. Levels of organic content much higher than 1.5% and 

lower than 0.2% can be found in nature (Reinsel and Rittschof, 1995). Using these more 



extreme levels in the laboratory experiment increased the likelihood they would have 

been interpreted by the crabs as high and low food levels. 
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Fiddler crabs play an important role in their natural environment. They can be an 

important dietary item for ghost crabs (Powers, 1975), mud crabs, blue crabs, birds, 

fishes and raccoons (Teal, 1958). Burrows constructed by fiddler crabs can be shared by 

breeding mosquitoes, ground spiders and other arthropods (Bright and Hogue, 1972). 

Hoffman et al. ( 1984) found deposit feeding by Uca pugnax regulates the distribution and 

amount of meiofauna in the sediment; when crabs were removed, nematodes, segmented 

worms and meiofaunal crustaceans all increased in abundance. Fiddler crab feeding also 

encourages decompositional processes by microbial communities (Kristensen, 2008). 

Fiddler crabs have also been used as an environmental indicator species for examining 

the ecosystem effects of the mosquito pesticides fenthion and methoprene (Schoor et al., 

2000; Stueckle et al., 2008), the antifouling paint compound tributyltin (Weis and 

Perlmutter, 1987), sewage contamination (Bartolini et al., 2009; Penha-Lopes et al., 

2009) and oil spills (Burger and Gochfeld, 1992; Culbertson et al., 2007). Crustaceans 

have also been recommended to serve as biomarkers for many types of environmental 

pollution (Fingerman et al., 1998). 

Fiddler crab burrows aid in turning over sediment, increasing the availability of 

nutrients such as phosphorus, nitrogen and iron at the surface (Katz, 1980; Kristensen and 

Alongi, 2006). The burrows also allow oxygen and water containing nutrients to be more 

easily accessible to plant roots (Katz, 1980). The bioturbative activities of fiddler crabs 

have been studied and recognized as important in the overall health of their ecosystems 

(Kristensen, 2008; Bai1olini et al., 2009; Penha-Lopes et al. , 2009). Kristensen and 
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Alongi (2006) determined fiddler crabs and the roots of mangrove saplings have a 

mutually beneficial relationship resulting in cycling nutrients, increasing food availability 

and plant growth. In a salt marsh in Georgia, USA, Bertness (1985) determined fiddler 

crabs and Spartina have a mutual relationship as well; burrowing increased production 

of Spartina at intermediate tidal heights, and in lower tidal areas Spartina adds structural 

support to burrows. Fiddler crabs are considered ecosystem engineers because of their 

foraging and burrow activities affecting the resources available to other organisms in 

their habitat (Kristensen, 2008). Increasing understanding of what affects fiddler crab 

burrowing behavior can shed light on the importance and impact of fiddler crabs on 

ecosystem composition and processes. 
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