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BSTRACT: While fiddler crabs, Uca spp., are important constituents of the diets of fishes, birds and 
mammals, little is known of their population dynamics or somatic growth under natural conditions. A 
stratified random design was used to sample a population of Uca pugilator on a 3.9 ha study area on 
Shackleford Banks, North Carolina. USA. Samples were taken at approximately monthly intervals 
between March 1979 and September 1980 to obtain estimates of numbers, biomass and size composi- 
tion. Carapace widths, sex and reproductive stage were measured, and population biomass estimates 
were calculated from separate dry-weight/carapace-width regressions for males, ovigerous and non- 
ovigerous females. Somatic growth was estimated from analysis of size-class modes through time. 
Numbers of fiddler crabs (2 5 mm) in the study area fluctuated between 1,348.000 and 2,544,000 over 
the 18 mo period. Trends in numbers over time were generally parallel for the 2 sexes, but females 
were consistently more abundant than males. The preponderance of females was most pronounced in 
size classes from 10 to 15 mm. Average dry-weight biomass was 4.30 g m-' for males and 6.12 g m-' 
for females. Indices of dispersion revealed that crabs become progressively less aggregated during 
spring and summer, and progressively more so during fall and winter. Ovigerous females were 
observed from May through August. Only 1 % of ovigerous females were < 10 mm (mean size = 13.6 
mm). Somatic growth varied with season, sex and stage of reproductive maturity. Molting crabs were 
encountered between May and November. Crabs that were 6 mm in carapace width in April had grown 
to about 13 mm by the following September, but during the reproductive season, growth of females 
appears to diminish or cease temporarily when they attain sexual maturity. 

INTRODUCTION 

Fiddler  crabs, Uca spp . ,  constitute a significant com- 
ponent  of t h e  intertidal macrofaunal biomass i n  tem- 
pera te  a n d  tropical estuaries. Through  their by-pro- 
ducts  a n d  their burrowing a n d  feeding activities, they 
influence the  transfer of nutr ients  a n d  energy  from 
intertidal areas  to t h e  estuary i n  genera l  (Montague,  
1980), a n d  they a r e  important  constituents of t h e  diets  
of numerous fishes, birds a n d  mammals  (Crane,  1975). 

Shel tered intertidal sandflats be tween  C a p e  Cod,  
Mass.,  a n d  southern Florida (USA) often harbor  l a rge  
numbers  of t h e  s a n d  fiddler c rab  Uca pugilator.  
Although U. pugi la to rhas  b e e n  utilized extensively for 
physiological a n d  behavioral  research (e.g. Crane,  
1975), little quantitative information is avai lable  o n  its 
population ecology, a n d  to our  knowledge  nothing h a s  
b e e n  published concerning its population dynamics. 
Such information, however ,  is  fundamental  to  a com- 
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prehensive unders tand ing  of this organism's  role i n  
natural  processes, especial ly  i n  defining t h e  coupling 
b e t w e e n  intertidal a r e a s  a n d  fisheries. T w o  o ther  
species ,  U. p u g n a x  a n d  U. minax, a r e  a l so  found a long  
t h e  eas t  coast of t h e  United States, bu t  because  of their  
different substrate  a n d  salinity requirements ,  they a r e  
not usually found i n  close association with U. pugi lator  
(Teal ,  1958). 

T h e  primary objectives of our  investigation w e r e  to: 
( l)  measure  changes  i n  numerical  a b u n d a n c e  a n d  
biomass through t ime;  (2) determine t h e  pat terns of 
dispersion for t h e  2 sexes;  (3) del ineate  t h e  season  of 
reproduction; a n d  (4) de te rmine  the  annua l  pat tern of 
somatic  growth. Secondary objectives included:  
(1) examining  demographic  parameters  i n  relation to  
location a l o n g  a n  environmental  g rad ien t ;  a n d  
(2) de te rmin ing  t h e  s ize a t  which  females  first repro- 
duce.  
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MATERIALS AND METHODS 

The study site was a portion of a 40 ha intertidal 
sandflat on the western end of Shackleford Banks, a 
barrier island south of Beaufort, N. C., USA, (Fig. 1). 
The flat is nearly level (slope < 0" 3') and resident 
fiddler crabs tend to remain close to their burrows, 
rather than moving downslope to form feeding aggre- 
gations at  the water's edge, as they do on intertidal 
beaches having slopes > 2" (Fig. 2) (Allen and Curran, 
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Fig. 1. Study area on North Carolina coast. Inset: 8 strata 
comprising the study area; overall dimensions: 70 X 559 m 
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Fig. 2. Relation between horizontal distance from high tide 
mark to water's edge at low tide and slope of an intertidal 
beach in the vicinity of Beaufort, N. C. (USA), where tidal 
amplitude averages 0.94 m. Open circles: 10 intertidal 
beaches near Beaufort where beach slope measurements 
were made and where feeding aggregations at the water's 

edge were observed in August 1982 

1974). This behavioral characteristic and the crabs 
tendency to enter their burrows at the approach of an 
observer reduced alien dispersion effects and sim- 
plified sampling of the population to estimate popula- 
tion parameters. Tidal amplitude at Beaufort averages 
about 0.94 m over the lunar cycle. Therefore the hori- 
zontal distance from the high tide line to the water's 
edge at low tide exceeds 50 m on beaches having a 
slope of < l "  (Fig. 2). On rising tide, water tends to 
move across the surface at approximately l m min-l. 
Over the lunar cycle the high tide line shifts a consid- 
erable distance horizontally on the flat, producing a 
substantial gradient in frequency and duration of tidal 
inundation. 

A berm rising about 0.5 m above the sandflat forms 
the northern and western borders and separates the flat 
from Back Sound (Fig. 1). The sandflat and the dunes 
to the south have been formed by natural processes 
and did not exist before 1953. The sandflat slopes 
downward from west to east. Water drains not only off 
the east end but also through two channels that tran- 
sect the berm on the northern edge. Two blue-green 
algae, Microcoleus chthonoplastes and Lyngbya aestu- 
arii, form mats on less well-drained portions of the 
sandflat (Hans Paerl, pers, comm.). Macrophytic vege- 
tation on the flat is limited to scattered, sparse stands of 
salt marsh cordgrass Spartina altemiflora. Feral horses, 
cattle and sheep regularly graze the cordgrass, which 
seldom extends more than about 15 cm above the sedi- 
ment. 

A rectangular area measuring 70 by 559 m on the 
north side of the sandflat was selected as the study site 
(Fig. 1). The long axis is parallel with the gradient, the 
elevation increasing about 30 cm from east to west. 
The area was subdivided into 8 equal squares (strata) 
to assure that samples were taken over the entire 
gradient and to permit us to relate differences in the 
population to location on the gradient. A permanent 
stake was placed at the northeast corner of each 
stratum. Strata were numbered sequentially from east 
to west. 

We took a sediment core to a depth of 25 cm from the 
center of each of the eight strata to determine how 
sediments varied over the study area. Each core was 
divided into 6 segments (0 to 1, 1 to 5, 5 to 10, 10 to 15, 
15 to 20, and 20 to 25 cm). Each segment was analyzed 
for percent silt-clay (wet sieving) A.S.T.M. (1963), sand 
fraction distribution (dry sieving) (Folk and Ward, 
1957) and percent organic matter (by gravimetric 
measure after combustion at  500 "C for 12 h). 

The sample unit employed was a 0.10 m2 quadrat 
excavated to a depth of at least 30 cm. There were 
390,728 quadrats in the study area. A computer pro- 
gram was used to select 10 quadrats at random from 
each strata for each survey. The computer calculated 
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the angle and distance from a given base stake to the 
northeast corner of each randomly selected quadrat. 
We used a surveyor's transit and a 100 m fiberglass 
tape to locate each selected quadrat and a wooden 
frame or a sheet metal 'cookie cutter' to delineate the 
quadrat before excavation. About 8 person-days were 
required to sample the 80 units for a given survey. 
Fourteen surveys were conducted at approximately 
monthly intervals between March 1979 and May 1980, 
and 2 additional surveys were conducted in August 
and September 1980. Five rather than 10 units were 
sampled in each stratum in  December 1979. June and 
July 1980 samples were collected from only 4 strata 
and were not used for population estimation. 

All excavated sediment was washed through a 
2.0 mm sieve. Crabs less than 5 mm in carapace width 
were not retained consistently by the sieve and were 
excluded from analyses of numbers and biomass. 
Crabs, segregated by sample unit, were transported to 
the laboratory where carapace width, sex and repro- 
ductive stage (females) were determined. Subsamples 
of crabs, selected to encompass the observed size 
range and dried at 90 'C  for at least 36 h,  provided data 
for computing dry-weight/carapace-width regressions 
for estimation of population biomass. Separate regres- 
sions were calculated for males, non-ovigerous 
females and ovigerous females because fiddler crabs 
are sexually dimorphic and because we wished to 
develop a method for estimating indirectly the sponge 
weight of ovigerous females. We calculated average 
density, biomass, total numbers, total biomass and the 
associated standard errors, using unbiased statistical 
estimators for a stratified random sampling design 
(Cochran, 1963). Standard errors associated with popu- 
lation biomass estimates do not include error associ- 
ated with the regression estimate of biomass for indi- 
vidual crabs because that error was trivial in relation to 
biomass variation from quadrat to quadrat. 

Growth patterns were determined by graphical 
analysis of the progression of modes in successive size 
frequency distributions. We distinguished modes in 
the size frequency distributions for each sex by plot- 
ting cumulative size frequencies on a probit scale 
(Cassie, 1954). 

RESULTS AND DISCUSSION 

Sediment properties 

Analysis of sediment cores revealed that mean parti- 
cle size (mm) displayed a relatively uniform vertical 
distribution below 1 cm. Organic matter and silt-clay 
were concentrated in the top 1 cm over the whole area. 
For this uppermost cm, Strata 1 to 4 had slightly lower 

particle size (0.213 mm) and higher organic matter 
(2 %) and silt-clay (12 %) contents. Stratum 5 ,  located 
at the only inlet abutting the site, had the coarsest 
sediment (0.255 mm) and lowest organic (0.6 %) and 
silt-clay (1 %) contents. The upper 3 strata (6 to 8) were 
intermediate between Strata 1 to 4 and 5 in their 
coarseness (0.235 mm), organic matter (l %) and silt- 
clay (4 to 5 %) percentages. The homogeneity of the 
vertical sediment profiles on the study area is probably 
due to bioturbation by the fiddler crabs (Allen and 
Curran, 1974). 

Population dynamics 

A total of 6,358 crabs (2 5 mm) were collected from 
1,240 randomly selected 0.10 m* quadrats during the 
regular monthly surveys, and these provided the data 
base for analyses of numerical abundance, biomass 
and somatic growth. An additional 663 crabs (2 5 mm) 
were collected in June and July 1980 during surveys 
restricted to Strata 1, 2, 6 and 7. These additional crabs 
were included in analyses of reproduction and lateral 
movements across the study area. 
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Fig. 3. Uca pugilator. Changes over time in total numbers 
(CW 2 5 mm) on the 3.91 ha study area on Shackleford Banks. 

Vertical bars: 95 % confidence limits 

Numbers of fiddler crabs (2 5 mm) fluctuated 
between 1,348,000 and 2,544,000 over the 18 mo 
period (Fig. 3). From May 1979 to May 1980 there was 
a net increase of 302,800 (31 %) females but only 9,760 
(1 %) males. Measured from August 1979 to August 
1980, the increases are more equivalent for the 2 sexes: 
210,000 (24 %) for the females and 151,400 (22 %) for 
the males. Trends in numerical abundance over time 
were generally parallel for the 2 sexes. One exception, 
May to June 1979, when males decreased and females 
increased, may have been due to higher predation on 
males by Hudsonian Curlews, Numenius phaeopus 
(Colby and Fonseca, in prep.). 
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Fig. 4.  Uca pugilator. Sex ratios in relation to carapace width. 
Crabs providing these data were excavated from 1,280 ran- 
domly selected 0.10 m2 quadrats; 68 additional crabs were 
excluded from analysis because their sex could not be deter- 

mined with certainty 

Females were consistently more abundant than 
males. When we  examined sex ratio in relation to size 
following the approach of Wenner (1972), we found 
that females outnumbered males in every size class, 
but the discrepancy was greatest between 11 and 
14 mm (Fig. 4). The larger discrepancy in this size 
interval may have resulted from the tendency of repro- 
ductively active females to defer somatic growth 
(Christy, 1980; and see below), thereby causing them 
to accumulate in  the 11 to 14 mm size interval. It may 
also be a consequence of the fact that ovigerous 
females spend 12 to 14 d sequestered in sealed terrni- 
nal chambers of their mates' burrows (Christy, 1980), 
and thus may be less available to predators during the 
reproductive season. 

Montague (1980) reviewed a series of investigations 
of westem Atlantic and Venezuelan species of Uca that 
have consistently found males more abundant than 
females. However, he went on to point out that because 
Uca are polygynous, one would expect the sex ratios to 
favor females, and he suggested that the observed 
predominance of males might be an artifact of the 
sampling methods that had been employed by the 
various investigators. Apparently our data are the first 
to describe a population dominated by females. In a 
separate study that involved our sampling widely dis- 
persed sites over the remainder of the 40 ha sandflat, 
we also found that females were consistently more 
abundant than males, indicating that the sex ratio we 
observed on our study area was consistent with that for 
the entire population of crabs (1 5 mm) on the sandflat. 

Part of the variation in numbers and biomass of 
larger crabs may have been caused by movements of 
crabs between the study site and adjacent areas of the 
sandflat. Such movements could have obscured or 

amplified seasonal changes in both parameters. Dur- 
ing the summer of 1977, Salmon and Hyatt (1983) used 
traps to measure variations in lateral movements of 
fiddler crabs on a portion of the sandflat adjacent to our 
study area. Their data exhibit a marked periodicity; 
trap captures were especially high during the new 
moon phase of the lunar cycle. 

We observed 2 distinct types of lateral movements by 
the crabs. The first involved intermittent formation of 
large temporary aggregations, or droves (Hermkind, 
1968), that appeared to move aimlessly over the sand- 
flat. The function of this behavior is unknown, but it 
may serve to redistribute periodically the crabs in a 
manner that adjusts densities to food resources (Aspey, 
1978). We measured 102 crabs (28 males and 74 
females) collected from large nomadic droves at mid- 
day on August 8,1979 and found all were large enough 
to be sexually mature (at least l 0  mm in carapace 
width). This finding implies that any lateral redistribu- 
tion resulting from the formation and movement of 
nomadic droves will only entail adults; some other 
mechanism is apparently responsible for lateral shifts 
of juveniles. 

A second, more subtle, type of movement was 
detected only when we used time-lapse photography 
to examine emergence of crabs from a 4 m2 plot as the 
tide ebbed. These films revealed that substantial num- 
bers of crabs moved as individuals across the 4 m2 
camera field in an easterly direction. We have no data 
to evaluate how frequently such movements occur. 
Unlike the herding behavior, this kind of movement 
involved juvenile as well as adult crabs. 

Indirect evidence of lateral movements of adult crabs 
within the study area is provided by the 5-fold 
increases in adult crabs on Strata 1 and 2 during sum- 
mer (Fig. 5 ) .  Simultaneous changes on other strata, 
though less clear, suggest that the changes on Strata 1 
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Fig. 5. Uca pugilator. Combined densities of adults (CW 
2 10 mm) on Strata 1 and 2 
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Table 1. Correlation coefficients for numerical abundance between pairs of strata for adult (2 10 mm) Ucapugilatormales (upper 
triangular matrix) and females (lower triangular matrix). Eighteen palrs of observations were used in computing coefficients 

between Strata 1, 2, 6 and 7; 16 pairs of observations were used in computing the remaining coefficients 

STRATA 

1 2 3 4 5 6 7 8 

1 t 0 . 3 8  -0.68 +0.87 -0.18 -0.58 -0.64 0 . 6 3  
2 +0.43 -0.28 +0.34 -0.44 -0.49 -0.54 -0.41 
3 t 0 . 1 2  -0.03 +0.01 t 0 . 3 7  +0.26 +0.29 +0.38 
4 f 0 . 8 1  +0.60 f 0 . 2 7  - 0.27 -0.76 -0.61 -0.82 MALES 

STRATA 5 f 0 . 0 8  -0.22 +0.31 +0.16 +0.43 +0.49 +0.03 
6 -0.02 +0.17 fO .09  -0.45 +0.17 +0.65 +0.63 
7 -0.39 -0.32 -0.15 -0.58 +0.05 +0.42 + 0.74 
8 0 . 3 5  -0.68 +0.11 -0.54 +0.36 +0.43 +0.47 

FEMALES 

and 2 probably resulted in part from lateral east-west 
shifts of substantial numbers of large crabs. To 
examine this possibility we computed correlation coef- 
ficients between pairs of strata for number of crabs 
(2 10 mm) in each of the successive surveys (Table 1). 
The correlations, although generally higher for males 
than for females, exhibited essentially the same pat- 
tern. Abundance tended to be positively correlated 
among Strata 1, 2 and 4 and also among Strata 5 to 8. 
In contrast, crab abundance on Strata 1, 2 and 4 tended 
to be negatively correlated with abundance on Strata 5 
to 8, as we would expect if substantial numbers of 
crabs were shifting back and forth between the lower 
strata and the upper strata. The correlations between 
Stratum 3 and the other strata were generally lower, 
but changes in abundance on Stratum 3 were more 
closely associated with changes in the 4 upper strata (5 
to 8) than with changes in the strata immediately 
adjacent to it. Changes in numbers on a given stratum 
from survey to survey thus appear to be partly the 
result of adult crabs moving up or down the elevational 
gradient. Whether this movement is accomplished en 
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Fig. 6. Uca pugilator. Changes In average biomass over time. 
Vertical bars: 95 % confidence limits 

masse in the form of nomadic droves or by the indepen- 
dent movement of individuals is unknown, but the fact 
that only adults were involved suggests the former. 

The estimated total dry weight of Uca pugilator 
varied between 266.7 kg and 497.9 kg over the 18 mo 
period. Overall average biomass was 4.30 g mP2 for 
males and 6.12 g m-2 for females. As might be 
expected, changes in biomass over time (Fig. 6) gener- 
ally paralleled changes in numbers (Fig. 3). A notable 
exception occurred in March 1980 when numbers of 
males increased but biomass decreased. 

The equations used for computing dry weight 
biomass from carapace width (CW) were of the form: 
dry weight = ~ ( c w ) ~ ,  where a and b = fitted con- 
stants. For males a = 0.006295, b = 3.368615, n = 100 
and r2 = 0.986 (see also discussion of Fig. 12, below). 
For non-ovigerous females a = 0.0000812, b = 

3.178621, n = 97 and r2 = 0.967. For ovigerous females 
a = 0.00017656, b = 2.937753, n = 45 and r2 = 0.914. 

An indirect estimate of the dry weight of spawn for a 
female of a given size can be obtained by subtracting 
the estimated weight of a non-ovigerous female of that 
size from the estimated weight of an ovigerous female 
of the same size. A second degree polynomial (S = 

-0.09179 + 0.01629 (CW) - 0.0004177 (CW)2; r2 = 

0.996) accurately describes the relation and implies 
that spawn weight, S, increases with carapace width 
over the interval 6.9 to 19.5 mm and then declines. We 
never collected females over 19.5 mm in carapace 
width however, and ovigerous females less than 
10 mm in carapace width are rare in this population 
(see below). 

Wolf et al. (1975) conducted an extensive survey of a 
Uca pugnax population on the Duplin estuary marsh in 
Georgia and their data permit several comparisons 
between the 2 species. Whereas females consistently 
predominated in our samples, males always predomi- 
nated in their samples of U. pugnax. Densities of U. 
pugilator (2 5 mm) varied from 34 to 65 m-2 whereas 
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the corresponding average density for U. pugnax was 
113 m-2. Densities of crabs 2 5 mm that we observed 
bracketed those in other studies of U. pugjlator (41 to 
52 m-2) (Teal, 1958; Hockett and Kritzler, 1972). 
Finally, our estimates of average biomass of 4.30 and 
6.12 g m-z for males and females, respectively, con- 
trast with corresponding male/female estimates of 6.16 
and 3.63 g m-2 presented by Wolf et al. (1975). It is of 
interest that total biomass (both sexes) of the 2 species 
differs by only 6 %. The similarity in biomass, yet 
disparity in numbers implies that the average size of a 
crab was greater in the U. pugilator population. 

Another population of Uca pugnax was studied by 
Krebs and Valiela (1978) in a marsh in Massachusetts. 
They reported average densities of 518 crabs mP2 (con- 
trol plots), 401 of which had carapace widths less than 
5 mm. They reported a mean standing crop of 29 g dry 
weight m-2, but a regression equation they used to 
estimate dry weight from carapace width gave 
unreasonably high estimates. In addition, they appa- 
rently used this single regression for both sexes, ignor- 
ing the sexual dimorphism of this organism. 

Several methods have been employed in estimating 
abundance of fiddler crabs. Krebs and Valiela (1978) 
estimated densities of Uca pugnax by counting the 
numbers of burrows on sample plots. Kerwin (1971) 
also used this method on U. minax. This approach 
would have been subject to considerable bias for our 
study area because the number of open burrows varies 
markedly over the period the flat is exposed, with some 
crabs closing burrows when surface temperatures get 
high and most closing their burrows prior to inunda- 
tion by the incoming tide. And, of course, during cooler 
parts of the year the crabs often fail to emerge at all. A 
final source of bias with the burrow counting method is 
the fact that gravid females remain in the burrow of 
their mate during the 12 d period between copulation 
and release of the zoea (Christy, 1980) and therefore 
there are fewer burrows than crabs. 

Hockett and Kritzler (1972) applied both mark- 
recapture (Lincoln Index) methods and stratified ran- 
dom sampling of 1.0 mZ quadrats in a comparative 
study and found that the 2 approaches provided very 
similar estimates, but that the mark-recapture 
approach was less laborious and less disruptive of the 
habitat. An aspect of the mark-recapture technique 
that made it unsatisfactory for our study is the fact that 
it cannot be used during the colder periods when crabs 
remain inactive and below ground. 

Wolf et al. (1975) used a stratified random survey 
design to estimate abundance of Uca pugnax on a 
1,058 ha marsh in Georgia. Their sample units were 
1.0 mZ and they used a removal method of population 
estimation to avoid the necessity of excavating every 
sample unit. Ward and Howes (1974) also used this 

method, and Frey et al. (1973) found it is also applic- 
able to 4 other species of marsh crabs. The removal 
method has the disadvantage that it can only be used 
during warmer seasons when the crabs are active at 
the surface (Shanholtzer, 1973), and it does not sample 
all segments of the population (e.g. gravid females) 
that remain sealed in a chamber below ground 
(Christy, 1980). 

Hoisaeter and Matthiesen (1979) censused the fid- 
dler crabs (a mixed aggregation of at least 6 species) on 
a 11.5 mZ area using 0.04 m2 sample units. They then 
used these data to provide a convincing demonstration 
of the applicability and reliability of probability survey 
techniques by conducting sampling surveys of this 
completely known sampling universe. 

We found that our approach was practicable 
throughout the year and that it provided standard 
errors of estimates on the order of 8 to 10 % of the 
corresponding estimates of means and totals. The 
requirement that the sediments be wet-sieved imposes 
a substantial additional labor cost if areas at consider- 
able distance from the water's edge are included in the 
sampling frame. It would have been desirable to also 
have obtained quantitative estimates of the numbers of 
crabs smaller than 5 mm in carapace width. However, 
because the cost (time) of sieving is inversely related to 
the mesh diameter of the sieve, we did not feel the 
additional information was justified by the additional 
cost. 

Our purpose in partitioning our sample area was to 
ensure more or less equal sampling intensity along the 
increasing elevation gradient extending from east to 
west. However, because there was a tendency for crab 
abundance and biomass to be relatively homogeneous 
within a stratum, we also achieved the more usual 
purpose of stratification, namely, increase in survey 
efficiency. 

Spatial dispersion 

Elliott (1977) evaluated a number of proposed meas- 
ures of dispersion and concluded that if each sample 
contains the same number of sampling units, an index 
proposed by Morisita (Morisita, 1959, 1962) is a good 
measure of dispersion for comparative purposes. The 
index is: 

n n n n 

Ib = n [ X  X: - Z Xi] . [(E X,)' - X Xi]-' 
i = l  1 = 1  1=1 ) = l  

where n = the number of sampling units; Xi = number 
of organisms in the ith sample. The index may vary 
from 

n 

1 to (n - 1) . (E X, - l)-' 
111 



Colby and Fonseca: Ecology of Uca pugjlator 275 

Fig. 7. Uca pugilator. Changes in spatial 
dispersion over time 

if the dispersion is one of maximum regularity, to n if 
the dispersion is of maximum contagion. For our sur- 
vey in which we sampled 80 quadrats and captured 
approximately 200 males and 300 females, the index 
could vary from about 0.60 and 0.74 respectively, to 80. 
Pielou (1977) showed that if a population has a random 
dispersion the expected value of the index is 1.0. 

Both males and females exhibited aggregated spa- 
tial dispersion over most of the 18-mo period, but in 
both years the dispersion, as measured by Morisita's 
Index, became progressively less aggregated during 
late spring and summer (Fig. 7). In both years by late 
summer the dispersion of both sexes was indistin- 
guishable from random by the variance-mean ratio test 
(Elliott, 1977). Correspondence in the pattern of 
change in dispersion for males and females is reflected 
by a significant correlation between the monthly indi- 
ces (r = 0.80, p < 0.01). 

The pronounced and consistent nature of the 
changes in dispersion during the study suggest that 
they are a regular seasonal feature of this population of 
Uca pugilator. We suspect that aggregation may 
decrease during the warmer months as a consequence 
of reproductive behavior. More frequent sampling dur- 
ing May-September would reveal whether the change 
in dispersion of one sex tends to lag behind that of the 
other. 

Connell (1963) examined the dispersion of Uca 
pugilator in a 1 m2 plot at Woods Hole (Mass., USA) by 
comparing the average distance between burrows to 
the expected average distance if the burrows were 
distributed in a random pattern (Clark and Evans, 
1954). He made 5 sets of measurements between May 9 
and August 13 and found that the dispersion of bur- 
rows was uniform in every case except for the final 
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measurement on August 13 when the null hypothesis 
of a random dispersion was not rejected. Connell 
points out that a uniform dispersion would be expected 
for a species that exhibits territorial defense behavior. 
As densities decreased from 84 to 34 burrows mW2, hole 
sizes increased, presumably in response to growth of 
the survivors, average distance to a nearest neighbor 
increased, and the pattern changed from uniform to 
random. 

Because Connell's methodology differed from ours, 
direct comparison of the patterns of dispersion for the 
2 populations requires some caution. His measurements 
were based upon burrows rather than crabs and there- 
fore did not distinguish among males and females, and 
all his measurements were made on a single 1 m2 plot; 
in contrast, ours were, at any given time, based upon 
eighty 0.1 m2 plots randomly selected within a 3.91 ha 
area. It is therefore possible that apparent differences 
in dispersion were due to differences in scale or arose 
because of multiple occupancy of burrows during the 
reproductive season (Christy, 1980; Salmon and Hyatt, 
1983). 

Christy (1980) also used the nearest neighbor 
approach of Clark and Evans (1954) to measure disper- 
sion of Uca pugilator burrows in Florida. He restricted 
his analysis to the dispersion of hooded burrows of 
sexually active males between March and September. 
Measurements were made on 20 plots varying in size 
from 0.59 to 4.66 m. In 18 of the 20 plots the dispersion 
of breeding burrows was even; in the other 2 the 
dispersion was indistinguishable from random. The 
tendency for hooded breeding burrows to be uniformly 
spaced held over a range of densities from 4.4 to 35.0 
males m2, leading Christy to infer that both interac- 
tions between residents and interactions between resi- 
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dents and wanderers were involved in maintaining the 
uniform spacing. 

Neither Morisita's index, I, nor Clark and Evan's 
index, R, is an entirely satisfactory measure of spatial 
dispersion because they only measure how much dis- 
persion departs from randomness. Pielou (1977) distin- 
guished between 2 aspects of spatial pattern, intensity 
and grain. Intensity refers to the degree to which 
density varies from one location to another. Grain, on 
the other hand, refers to the relative size of clumps and 
how widely spaced they are. She pointed out that both 
Morisita's index and Clark and Evan's index measure 
only the intensity of a pattern. Because indices of 
dispersion are based upon either distance measure- 
ments or frequencies of capture per sample unit, they 
fail to incorporate information on the spatial location of 
the organisms or sample units and hence are an inade- 
quate substitute for maps showing numbers of animals 
by location. 

Reproduction 

Ovigerous females were encountered only from May 
through August, implying that reproduction begins in 
the latter half of April and ends before mid-September. 
These observations are supported by data from Dudley 
and Judy (1971) who sampled inshore waters adjacent 
to Beaufort Inlet for crab larvae from May through 
November, but collected no zoea of Uca spp. later than 
September. The pattern of frequency of ovigerous 

C A R A P A C E  WIDTH (mm)  

Fig. 8. Uca pugilator. Size distributions of 273 ovigerous 
females and of all 1,463 females 2 8.0 mm collected in the 
monthly surveys conducted during the reproductive seasons 

of 1979 and 1980 

females across the reproductive season did not differ 
between the 2 yr of our study (chi-square = 6.12, 3 df). 
The size distribution of ovigerous females was remark- 
ably symmetrical in contrast to the corresponding dis- 
tribution for all females 2 8 mm carapace width col- 
lected from May through August (Fig. 8). Only 1 % of 
ovigerous females were 5 10 mm in carapace width, 
and less than 1 % were 2 18 mm. The average 
carapace width of ovigerous females was 13.6 mm. 
There was no tendency for the percentage of ovigerous 
females to increase with size for crabs > 13 mm. Hyatt 
(1977) has shown that males of this species from a 
population 3.4 km away also become sexually mature 
when they attain a carapace width of 8-13 mm. 

30 - Males 
20- MARCH 1919 

SEPTEMBER l980 

2 4 8 8 10 12 14 18 18 

C A R A P A C E  W D T H  (m) 

Fig. 9. Uca pugilator. Size frequency distributions of ~ndividu-  
als collected between March 1979 and September 1980 
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Growth 

Molting crabs were encountered from May to 
November, but progression of size frequency modes 
implies that the growth season probably commences in 
April (Fig. 9). Growth for the 1977, 1978 and 1979 
cohorts is shown in Fig. 10. Male crabs that were 5 to 
7 mm in carapace width in April 1979 had grown to 
about 13 mm by the following September. The average 
rate of growth of males of the 1978 cohort during 
April-November 1979 was 0.0483 mm d-' which is 
close to a rate (0.0456 mm d-l)  observed for lab-reared 
specimens from this population (G. Hyatt, pers. 
comm.). Growth of females slowed or ceased temporar- 
ily once they had attained the size of sexual maturity. 
This is perhaps to be expected because egg production 
imposes high nutritional demands, and because 
ovigerous females remain below ground and thus have 
no opportunity to feed (Christy, 1980). In contrast, 

growth of males appears to be more continuous during 
the warmer months, even though Hyatt (1977) has 
found that their feeding rates drop sharply during 
periods of courtship. Sexually mature females appa- 
rently are able to catch up in size to males in their 
cohort during the early fall, following the reproductive 
season and prior to the onset of lower temperatures 
that limit feeding. Both males and females of the 1979 
cohort did not grow as much in their second season of 
growth (summer of 1980) as members of the 1978 
cohort did in their second season of growth during the 
preceding summer (Fig. 10). This diminished somatic 
growth rate coincided with an  approximately 23 % 
increase in the numerical abundance of crabs on the 
study area from August 1979 to August 1980, suggest- 
ing resource limitation related to increased population 
size may have been responsible. 

Growth in carapace width over the life span of a 
hypothetical crab (based upon average rates derived 

Fig. 11. Uca pugilator. Growth in 
carapace width of male (solid line) and 
female (dashed line) hatched in May and 

June 1 - ~ ~ ~ ~ ~ 1 1 1 ~ 1 ~ ~ 1 1 ~ 1 ~ ~ 1 1 1 1 1 1 1 1 1 1 1 1 ~  
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M a l e  U? pugilator 

3.3686 
D r y  W e i g h t  ( g )  = 0 . 0 0 0 0 6 2 9 5  Carapace Width ( m m )  

CARAPACE WIDTH (mm) 

Fig. 12. Uca pugilator. Relation between dry weight and 
carapace width for a male; arrows: dry weight it would attain 

during successive Octobers of its life 

from Fig. 10) that hatches in May or June is shown in 
Fig. 11. Dry weight increases exponentially with a 
linear change in carapace width (Fig. 12). Thus, a male 
that weighs about 50 mg on October 1 of its first year 
will have increased its weight by 700 % one year later, 
and if it survives to see a third October, it will double 
its weight again. The relation between dry weight and 
carapace width for Uca pugilator is similar to that 
reported for U. pugnax by Shanholtzer (1973). 

Hopkins (1982) reported somatic growth rates for 
Uca pugilator reared in a laboratory on a diet of 
oatmeal. Her crabs grew very slowly and if we use her 
average intermolt cycle of 70 d and her average per- 
centage increase in carapace width per molt of 2.4 %, 
it would take more than 9 yr for a male to grow to 
16.4 mm. Therefore we do not believe that the growth 
rates she reported accurately characterize those of 
free-living U. pugilator in a natural population. 

Concluding remarks 

A stratified random survey design proved to be prac- 
tical and easy to implement in this study. Locating 
specific sample units in the field, selected from among 
many thousands, was done quickly and with a 
minimum of difficulty. The design permitted subdivi- 
sion of the study area into ecologically relevant zones 
(strata) and, like other probability sampling designs, 
offered the substantial advantage of providing for 
unbiased estimation of parameters (Cochran, 1963). 
Because of the necessity of wet-sieving sediments to 
recover crabs, it was not feasible to include the entire 
sandflat in our study area and this led to later problems 

of data interpretation because immigration and emi- 
gration were not measured. The advantages of dealing 
with a 'closed' population in an investigation of this 
type are obvious. 

The consistent predominance of females in our sam- 
ples was unusual because previous investigations of 
fiddler crab populations have invariably reported an 
excess of males (see review by Montague, 1980). We 
believe, however, that our sampling methodology did 
not differentially sample the 2 sexes. The greater 
abundance of females was also apparent in time-lapse 
films of crabs engaged in surface activities, and in 
samples excavated from elsewhere on the sandflat 
beyond the boundaries of the study area. 

Because biomass increases exponentially with 
respect to carapace width, size frequency distributions 
do not indicate the degree to which the older members 
of the population contribute to total biomass. For 
example, only 9 % of the males were 15 mm or greater 
in carapace width, but they constituted 33 % of the 
male biomass. Wolf et al. (1975) estimated abundance 
of Uca pugnax by collecting crabs from the surface of 
1 m2 quadrats that had been enclosed during the previ- 
ous high tide. To the extent that different sampling 
methodology does not invalidate comparison of our 
data for U. pugilator with theirs for U. pugnax, several 
interesting contrasts emerge. Despite the fact that sex 
ratios and male-female biomass ratios were the reverse 
of one another and that numerical abundance was 
substantially higher in the U. pugnax population, total 
biomass per unit area was very similar. This similarity 
in total biomass per unit area is striking given the 
complexity of the marsh habitat in comparison to the 
relatively homogenous nature of the sandflat habitat of 
this study. 

Our estimates of growth patterns were based primar- 
ily on subjective evaluation of the progression of 
modes of the size frequency distributions. Shanholtzer 
(1973) on the other hand utilized a technique proposed 
by Cassie (1954) to distinguish cohorts in size fre- 
quency distributions of Uca pugnax. We applied Cas- 
sie's (1954) approach to our data and found that it too 
requires subjective decisions as to the number and 
location of points of inflection on the cumulative size 
distribution plot. These analyses confirmed our origi- 
nal evaluations where modes were obvious but simi- 
larly led to tenuous decisions where they were not. 
Larger samples sizes would perhaps have clarified 
modes of some of the size frequency distributions, but 
we doubt that the growth patterns would differ sub- 
stantially from those we have presented. 

Finally, the progressive change in dispersion from 
spring to early fall deserves further study, both to test 
its generality and to discover the underlying mechan- 
ism responsible for this process. 
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