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ABSTRACT: The annual and tidal cycle of behaviour of Uca tangeri (Eydoux, 1835) was studied over a 
2 yr period in the Ria Formosa on the Portuguese Algarve coast. U. tangeri settles on the mudflats as 
well as in the nearby zone of Arthrocnemunl spp..  Individuals smaller than 27 mm carapace width live 
close to the creek; larger crabs inhabit the salt marsh zone. Newly settled crabs are found in the middle 
of the mudflat. A surface temperature of at least 18OC is necessary for U. tangeri to become active on 
the sediment surface. Hence activity shows a clear annual cycle: the months March to July are used for 
courtship and reproduction. During this time crabs change colour from brown to orange and purple. 
Large migrations to other mudflats take place from August to October, whereas crabs stay inside their 
burrows from November to March. During low-tide periods, crab activity can be d~fferenhated into 
food uptake, courtship, or migration and burrowing. 

INTRODUCTION 

Fiddler crabs of the genus Uca (Brachyura, 
Ocypodidae) are found in salt marshes, mangrove re- 
gions, mudflats and sandy beaches of nearly all tropic 
and subtropic regions of the world. While many studies 
have been performed on American and Indian Uca 
species, little is known about the European fiddler crab 
Uca tangeri (Eydoux, 1835). Previous studies have 
mostly dealt with sexual and courtship behaviour of 
the Andalusian U. tangeri population (Altevogt 1957, 
Hagen 1962). In her description of the species, Crane 
(1975) only mentioned a small population in Portugal. 
This is not correct; U. tangeri is frequent throughout 
the eastern Algarve coast and is one of the dominant 
species in the intertidal zone of the Ria Formosa in 
Portugal. This study describes annual and tidal activ- 
ity, population structure and dynamics of an  U. tangeri 
population in the Ria Formosa. 

'Present address: Information, Redaktion und AuDen- 
beziehungen, Institut fiir Weltwirtschaft, Dusternbrooker 
Weg 120, D-24105 Kel ,  Germany 

MATERIAL AND METHODS 

Study site. The investigations were performed from 
August 1989 to November 1990 at  Ramalhete station in 
the Ria Formosa on the Portuguese Algarve coast near 
the city of Faro. A 2 X 3 m area located on a mudflat 
near a small creek was studied. The mudflat rises 
about 0.5 m above water level at  low tide and merges 
into a salt marsh zone of Arthrocnemum spp. ,  where 
Uca tangeri is commonly found. The mudflat is ex- 
posed for about 6 h twice a day which especially in 
summer leads to very high temperatures in the upper 
2 to 3 mm of the sediment (up to 32°C in August). 
During the winter months (November to February), all 
mudflats are covered with a thick layer of long fila- 
mentous green algae. This layer starts to decay at  the 
end of January and is totally gone by early April. More 
detailed information on the biotope of the Ria Formosa 
is given by Universidade do Algarve (1986), Belchior 
(1988), and Wolfrath (1992a). 

Observations over the year showed that the 
Mediterranean climate of the Algarve, with mild 
springs and autumns, hot and dry summers with south- 
west winds, relatively mild winters with much rain and 
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Fig 1. (a) Air temperature and (b) rainfall intensity in the east- 
ern Algarve (Portugal) from August 1989 to September 1990. 
Data from the meteorological station of Faro International 

Airport 

northeast winds (Fig.la, b), had a strong influence on 
the annual activity of Uca tangeri. 

Investigations. Observations on behaviour and pop- 
ulation dynamics were made at daytime and nighttime 
at low tide, twice a week over a 16 mo period. Crabs 
were identified with waterproof, nontoxic paint on the 
back of their carapace; burrow entrances were marked 
with wire rods with little flags of coloured tape. While 
flags stayed intact for the period of study, carapace 
marks had to be renewed every 4 wk. None of the 
markings caused an obvious change in crab behaviour. 
During each observation period, the number of male 
and female animals and burrow number and state 
(vacated, inhabited, closed, opened) were registered. 
Once a week carapace width and length and for male 
crabs the length of the major chela of 20 randomly 
selected specimens were measured and animal wet 
weight (ww) was determined with a spring balance 
(accuracy + 0.1 g) .  

Studies required capture of unharmed individuals of 
Uca tangen without disturbing the habitat. In previous 
studies capture was performed by hunting the crabs on 
the surface, at the entrance of their burrows, by dig- 
ging them up or by sieving the sediment (Altevogt 
1957, Miller 1961, Krebs & Valiela 1978, Bergin 1981, 
Robertson & Newel1 1982a, b, Hoffman et al. 1984, 

Bertness 1985, Thurman 1985, Morgan 1987, Christy 
1989). All these methods disturb the substrate and are 
furthermore inefficient. Therefore a special trap was 
developed for these observations. 

The trap (Fig. 2a, b) is a tube of nontransparent plas- 
tic (PVC) about the same diameter as a crab burrow. A 
l-way mesh flap hangs freely from a wire rail which is 
attached to the PVC. It is important that the mesh flap 
is able to move freely. A small screw inserted through 
the PVC tube prevents the flap from swinging towards 
the burrow. It is necessary to use a mesh for the flap of 
the trap so that light passes into the burrow, so that the 
flap appears to be a normal exit to the crab inside. 
Since Uca tangeri is not able to climb the smooth inner 
surface of the PVC tube, a 'track' consisting of a mix- 
ture of coarse sand and non-toxic paint is painted on 
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Fig. 2. Schematic 
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inside the tube. Length and diameter of the trap de- 
pend on the size of the crab to be captured. The tube 
length should be at least twice that of the crab includ- 
ing its legs. The tube diameter should exceed the 
burrow entrance by at least 2 or 3 cm. Traps with a 
diameter of 5 cm and a length of 15 cm were used to 
capture crabs with a carapace width of 3 cm and more. 
For smaller crabs, the traps were of 3 cm diameter and 
9 cm length. The mesh size of the flap was 1 X 1 mm for 
both trap sizes. 

The application of the trap in the field is based on the 
fact that Uca tangeri, like other fiddler crabs, seeks 
refuge in its burrow in case of danger. The trap is 
placed on the entrance of the burrow containing the 
wanted crab and inserted slightly into the ground. The 
axis of the PVC tube should be parallel to the burrow 
(Fig. 2c). The crab pushes the net flap open when leav- 
ing the burrow, passes into the upper part of the tube, 
and the flap closes behind the crab. The crab cannot 
escape through the upper opening of the tube and can 
easily be collected in the trap. The only disturbance to 
the sediment is a mark of the tube left around the 
entrance of the burrow. Crabs were released into their 
original habitat (and even into their original burrows) 
after measurement. 

The time needed to capture 1 individual varied from 
5 to 15 min. Working with 6 traps made it possible to 
capture and mark about 45 crabs in 1 h.  Crabs needed 
to be dug out of the sediment only in winter. 

Meteorological data (air temperature, wind direction 
and rainfall) are averages of daily registrations of the 
weather station at Faro International Arport .  

RESULTS 

Population structure and dynamics 

The highest numbers of Uca tangeri, with up to 
17 ind. m-2 visible on the surface, were counted during 
the courtship period, from the beginning of March to 
the end of June. Beginning in July, the number of 
active crabs decreased until surface activity totally 
stopped at the beginning of November (Fig. 3).  During 
the entire year the male to female ratio of active crabs 
visible on the surface was nearly constant, with about 
40 % females and about 60 % males. 

Population size structure changed from smaller to 
larger crabs at the end of summer. While from 
November to the end of January the most frequent 
carapace width was 18 to 22 mm, crabs measured 26 to 
29 mm between February and June and up to 36 mm 
from July to the end of September. Crabs smaller than 
10 mm were only found from the end of September to 
the beginning of November (Fig. 4). Throughout the 
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Fig. 3.  Surface temperature of the sedment  and number of ac- 
tive Uca tangen from August 1989 to September 1990. Given 
is an  average of observations twice a week. Vertical bars 

show SE. n = number of crabs 

year crabs with carapace width < 27 mm were found in 
the first 1.5 m of the mudflat as seen from the creek; 
newly recruited crabs lived in the relatively flat upper 
0.5 m of this zone in the middle of the mudflat. Large 
crabs (carapace width >27 mm) occurred in the upper 
regions of the mudflat near and in the salt marsh zone 
(ANOVA, p = 0.05) (Fig. 5). 

Growth of Uca tangeri is isometric. Carapace width 
(cw) shows a constant relation to carapace length (cl) 
and length of the male major claw (mcl) that can be 
expressed with the following regressions (n = 50). The 
intercept between male and female crabs are signifi- 
cantly different (ANOVA, p = 0.05): 

males: cl = -4.8 + 1.0cw 
mcl = -18.7 + 2.2 cw 

females: cl = -5.0 + 1.0c.w 

For better comparison of changes in wet weight of 
Uca tangeri during the year a ratio (ww/cw) was calcu- 
lated for male and female crabs (Table 1). This ratio did 
not vary with crab size and served to determine the 
wet weight for indivuals of both sexes of the same size 
(25 mm) (Fig. 6). Calculations showed that wet weight 
of U. tangeri varied significantly throughout the sea- 
sons. From the end of November to the beginning of 
March crabs weighed about 30 % less than individuals 
of the same size weighed between June and the end of 
August. Because of their large waving claws, male 
crabs clearly weighed more than female crabs 
(ANOVA, p = 0.05). While male U. tangeri reached 
maximum wet weight in May, female wet weight in- 
creased until the end of August, probably because of 
the additional weight of developing eggs carried under 
the abdomen. The influence of the developing eggs 
was also visible in females, with ovigerous females 
weighing clearly more than females of the same size 
without eggs. Correlation of carapace width to wet 
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Fig. 4.  Carapace width of Uca 
tangeri from November 1989 to 
November 1990, showing cohorts 
of 2 mm size. Number of crabs is 50 
(= 100%) each month in (a) and (b). 

(a) Females; (b) males 

weight was not as good as for size, because the amount 1 wk. Nearly 11 % of the crabs Lived in the same bur- 
of water attached to the crab and, in females, the row for about 2 wk. Burrow occupations < 1 wk or 
weight of the eggs influence the measurement. The >2 wk were observed only exceptionally (Table 2). 
following equations can be calculated (n = 50): Often crabs changed burrows with one another, either 

males: ln(ww) = -0 .83+O.l lcw (r=0.94)  
females. In (ww) = -1.23 + 0.12 cw (r = 0.97) 

voluntarily or after a fight. The burrow habitation pat- 
tern was the same for male and female crabs. 

Time of burrow inhabitation 

sah marsh zone 

Table 1. Uca tangen. Ratio of wet weight (ww) to carapace 
width (cw) for males and females from November 1989 to 
November 1990. Mean of weekly measurements of 20 ~ n l -  

viduals of each sex f SE 
Observations of the marked individuals showed that 

about 80 % of the crabs inhab~ted the same burrow for 

I b ~ g  crabs 

newly 

crabs 

smdl crabs 
G0.5m- 1.0m 

Fig. 5. Transect of the mudflat with the study area. Given are 
the data of crab distribution. Exact sizes of Uca tangeri in the 

text 

Month y.vw/cw ratio 
Female Male 

Nov 1989 0.17 f 0.07 0.29 f 0.08 
Dec 1989 0.14 ? 0.06 0.21 f 0.02 
Jan 1990 0.23 k 0.01 0.25 f 0.09 
Feb 1990 0.24 f 0.05 0.39 f 0.05 
Mar 1990 0.35 + 0.01 0.42 f 0.01 
Apr 1990 0.43 f 0 03 0.57 f 0.07 
May 1990 0.45 + 0.03 0.76 f 0.04 
Jun 1990 0.45 f 0.13 0.60 f 0.06 
Jul 1990 0.48 f 0.07 0.60 f 0. l l 
Aug 1990 0.60 f 0.1 1 0.58 f 0.07 
Sep 1990 0.41 f 0.03 0.55 f 0.10 
Oct 1990 0.35 f 0.04 0.42 f 0.04 

- 
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Fig. 6. Wet weight of Uca tangeri for individuals of 25 mm 
carapace width, calculated with the cb/ww ratio from Nov- 

ember 1989 to November 1990 

Table 2. Uca tangeri. Percentage of crab population in the 
study area using the same burrow for 1 wk or more, March to 
October 1990. n = total number of crabs in study area that 

month 

Month 
(1990) 3 

No. of weeks in same burrow: 

2 3 4 5 6 7 8 9  

Mar 70 
Apr 81 
May 88 
Jun 75 
Jul 82 
Aug 88 
Sep 82 

One burrow was inhabited for about 3 mo before it 
was definitively vacated. The burrows were not only 
used by Uca tangeri but also by other crab species liv- 
ing in the Ria Formosa, like Pachygrapsus rnarmoratus 
and Carcinus maenas. Vacated burrows decayed 
rapidly and filled up with sediment in about 2 or 3 wk. 

Courtship and mating 

In March the carapace of Uca tangeri changed from 
its usual brown shade to brighter colours, marking 
the onset of the courtship period. Dorsal carapace 
turned light yellow-brown to orange, whereas the 
ventral side became purple. The upper part of the 
walking legs also turned purple, the lower part and 
the minor chela became orange, eye stalks turned 
light green. Only the major chela of the male crabs 
stayed white all year. Ovigerous females changed 

crabs started to fade back to their usual shade by 
middle of September. 

The most conspicuous behaviour in courtship of Uca 
tangeri, as in all other Uca species. was the waving of 
the big claw by males, while making exactly the same 
movements with the minor claw. Waving was observed 
during courtship only, never during the rest of the year. 
Males with a major chela longer than about 60 mm 
used only the dactylus for waving. During nighttime 
activity and in the salt marsh zone, males did not wave 
but struck the bia claw on the sediment surface. ., 
Waving behaviour could be differentiated into 3 de- 
grees, depending on distance of the female and the 
corresponding excitement of the male and the 
courtship zone as described by Hagen (1962) for an  
U. tangeri population in Andalusia, Spain. In contrast 
to Hagens (1962) studies only about 10% of the regis- 
tered copulations in the Ria Formosa took place on the 
surface, while about 90 % of the crabs copulated inside 
a burrow. 

Combat 

Throughout the annual activity phase male Uca tan- 
gerj fought for burrows and the surrounding territory. 
In many cases wandering males hit the entrance of an  
inhabited burrow with the major claw which made the 
burrow owner appear immediately at the surface for a 
fight. Most of the time the opponents only threatened 
each other by spreading their big claw in front of the 
body (Fig. ?), followed by forward jumps by one of the 
males and snapping of the big claw. 

In case this behaviour was not sufficient to drive 
away the rival, combat took place. The big claws were 
engaged and the opponents tried to push each other 
backwards or aside (Fig. 8). In extreme cases the 

colour to a dark purple during egg development. U. F,CJ 7 Combat of 2 male Uca tangen threatening wlth 
tangeri kept these colours until end of August, when opened waving claws. Original size 
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digging a new one) followed by a phase of either 
courtship (March to end of June) or large migrations to 
other mudflats (July to end of October). Surface activ- 
ity of U. tangen always ended with feeding about 1 h 
before the mudflat was flooded. At this time many 
crabs were observed sitting motionless at the burrow 
entrance with their dorsal side pointing towards the 
sun. This so called 'posing' posture has been described 
by Hagen (1962) and Crane (1975). About 15 min later 
crabs started to plug the burrow entrance with mud 
and about 10 min before the mudflat was flooded all 

Fig. 8. Two male Uca tangeri with engaged waving claws crabs had retreated. 
pushing each other during combat. Size reduction 1 . 5 ~  

Annual cycle of activity 
weaker male was thrown aside by the stronger one 
(Fig. g), but normally the inferior disengaged its big Annual activity started at the end of the rainy season 
claw and ran away. The superior male followed for a in the middle of March, when the upper sediment layer 
short distance and then returned to its burrow. had reached a temperature of at least 18 "C. Courtship 

Female Uca tangeri also fought for burrows. They and reproduction took place until end of June. During 
pushed each other aside or backwards until one gave the following months crabs undertook large migrations 

UP. (up to 500 m) on and between the different mudflats. 
At the beginning of October the first newly recruited 
individuals with a carapace width of 3 to 4 mm could 
be seen. Annual surface activity of Uca tangeri ended 
with the first rain and decreasing sediment tempera- 
tures at the beginning of November. During winter 
crabs stayed inside the closed burrows. The entrances 
were opened about every 2 wk without the crab 
becoming visible at the surface. 

Tidal cycle of activity 

Like all fiddler crabs Uca tangeri is only active at the 
surface at low tide, by night as well as by day. Burrow 
entrances were opened about 15 min after the begin- 
ning of low tide when the mudflat was exposed. The 
following 5 to 10 min crabs stayed in the entrance 
nearly motionless. During this time the slightest distur- 
bance made the crabs retreat into the burrow at once DISCUSSION 
and stay there for up to 15 min. Without disturbance 
about 1 to 1.5 h of intensive feeding followed, with the The structure of the Uca tangen' population in the 
feeding range around the burrow increasing up to 1 m. Ria Formosa showed large crabs to live in or close to 
Roughly the next hour was used for burrowing activi- the salt marsh zone. The reason for this distribution 
ties (such as repair, lengthening an existing burrow or may be the content of organic substance in the sedi- 

ment that is clearly much higher in the 
salt marsh zone than on the mudflat 
(Wolfrath 1992b). Therefore, the salt 
marsh zone may be more attractive to the 
crabs. Because U. tangen fight one an- 
other for burrows, bigger and hence 
stronger individuals have the advantage 
of occupying the best zones. Smaller crabs 
have to live in the less attractive zones. 

The regressions resulting irorn growth 
medsurements indicate that carapace 
width and length of male and femdle Uca 
tangen lncrease at the same rate !slope = 

1) but that female crabs are consistently 
wider per unit of length, probably for rea- 

Fig. 9. Combat of 2 male Uca tanged: inferior male thrown aside by the SonS to body shape and egg pro- 
superior. Size reduction 2 . 5 ~  duction. 



Wolfrath: Behavior of Uca tangeri 117 

The highest numbers of active individuals were ob- 
served during courtship from March to the end of 
June. At this time probably all crabs living in the study 
area were active each low tide period and hence could 
be counted. During the rest of Uca tangeris annual 
activity many crabs wandered long distances and 
hence could not be assigned to one population in par- 
ticular. At the end and at the beginning of the annual 
active period many crabs stayed inside their burrows. 

Migrations of the adult Uca tangeri to other mudflats 
may prevent overcrowding of an area receiving newly 
recruited crabs and also enable the wandering crabs to 
move to new regions. 

A special behaviour of Uca tangeri is the inactivity 
from November to March, when crabs stay in their bur- 
rows. It seems crabs do not feed during this time, as 
individuals in winter clearly lost weight compared to 
crabs of the same size in summer. U. tangeri probably 
utilises stored energy. The only activity of U. tangeri 
visible in winter is the opening of the burrow entrance 
about once a week. The oxygen inside the burrow may 
be used up in this time and hence has to be renewed. 
Because of crab movements inside the narrow burrow 
'old' air from the inside is exchanged against 'new' air 
from the surface. After air exchange is finished, the 
burrow entrance is closed again. It is not clear whether 
the crab is able to lower its metabolism level while 
staying inside the burrow. Vernberg (1959) showed in 
his studies with various Uca species that oxygen 
uptake rate decreased during starvation periods and 
when air temperature decreased. In their experiments 
with U. pugnax Webb & Brown (1961) found that crab 
respiration rate was about 50% less in winter than in 
summer. 

Waving by male Uca tangeri obviously serves for 
courtship only, because it was never observed during 
the rest of the year. In contrast combat took place all 
year and in both sexes. It seems that each individual 
claims a burrow and defends it against other crabs (see 
Altevogt 1957, Greenspan 1980). Crabs also keep a 
'feeding zone'. If another crab comes too close, males 
threaten by pointing the opened big claw towards the 
other, while females jump in the other one's direction. 

In his studies on Uca tangeri in Andalusia Hagen 
(1962) nearly exclusively saw copulations on the sur- 
face. Males without a burrow also mated. In the Ria 
Formosa U. tangeri mated on the surface too, but most 
copulations took place after a male made a female fol- 
low it to the burrow. In no case was mating of a male 
without a burrow or mating inside a female's burrow 
observed. Hence, a burrow seems to be a prerequisite 
for successful mating by males. It seems as i f  in the Ria 
Formosa the normal courtship behaviour of U. tangeri, 
where the male waving allures the females to follow 
them into the burrow for copulation (i.e. Hagen 1962, 

Crane 1975, Zucker 1986), is partly separated from the 
actual copulation. The reason may be that U. tangeri 
does not seem to have natural predators in the Ria 
Formosa. Although there is a large population of 
herons, none of the birds was observed hunting U. tan- 
geri. Rats also do not seem to prey on U. tangeri. Their 
tracks could be seen everywhere but no remains of 
crabs eaten by rats were found (pers. obs.). 
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