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A B S T R A C T 

The structure of a decapod crustacean community on a littoral detritic bottom (coarse sand, fine 
gravel, Amphioxus sand, and abundant bioclastic remains) of Southern Spain (Barbate Bay, near 
the Straits of Gibraltar), at 15-24-m depth, from October 1993 to August 1995, has shown annual 
changes. These changes could be due to natural factors (river flow as consequence of differences 
in pluviometry between years) and anthropogenic disturbances happening in front of the sampling 
área during a second period (namely the dredging and enlargement of the harbour and the restora-
tion of a beach), which affected directly or indirectly (through the movement of particulate matter) 
the structure of decapod community. As a result, there was a decrease in the total abundance and 
in the number of specimens of the dominant species (mainly Diogenes pugilator and Galathea in­
termedia) some of them associated with seaweed (G. intermedia and Pisidia longicornis), a reduc-
tion of the seasonality, and fluctuations in the valúes of the richness and diversity índices. How-
ever, before and during the disturbances, the dominant species remained the same, with only slight 
modification in the dominance order. In addition, the accumulative total annual valúes of the di­
versity Índices are very similar. All these results could mean the existence of higher resistance to 
disturbances (none strong) in the decapod community from hydrodynamic áreas. On the other hand, 
the strong currents increase the dispersión of the sediments, reduce the turbidity, and facilítate a 
more rapid return to the previous conditions, increasing the elasticity of the system, in which the 
decapod community presents a cyclic structure. 

The majority of studies regarding decapods 
of Southern Spain are taxonomic or biogeo-
graphic (see García Raso, 1996), whereas 
analyses of the quantitative structure of com-
munitics in annual cycles are few, and mostly 
restricted to the Alboran Sea (West Mediter-
ranean) (García Raso, 1987, 1988, 1990; Gar­
cía Raso and Fernández, 1987; García Raso 
et ai, 1996). In Atlantic waters, on the littoral 
of Cádiz, there are some general studies on 
crustacean communities from Algeciras Bay 
(Sánchez Moyano, 1996; Sánchez Moyano 
and García Gómez, 1998) and, also, a deca­
pod community from detritic sediments un-
der the influence of bottom currents has been 
studied (Manjón Cabeza and García Raso, 
1998a, b). 

General data on communities living on 
shallow detritic biotopes can be found in 
Peres and Picard (1964), Ledoyer (1966, 
1968), Cabioch (1968), Gilat (1969), Guille 
(1971), Dauvin (1997). On these substrates 
there is a predominance of bioclastic elements 
and, as a consequence of the strong tidal bot­
tom currents, the macrofauna is washed away, 
dispersed and, consequently, there is a rela-

tively low richness (Peres and Picard, 1964). 
On the other hand, the nature of detritic for-
mation could be very diverse and depends on 
the characteristics of surrounding substratum. 

Studies of changes of the macrobenthic as-
semblages have been made in the Atlantic Eu-
ropean coast (e.g., Germany, England, 
France) (Dórjes et al., 1986; Davoult et ai, 
1993; Fromentin et ai, 1997), some of them 
in relation to pollution (Cabioch et al, 1982), 
but such works are very scarce for Spanish 
littoral áreas (López-Jamar et al, 1986). 

The aim of the present paper is to show 
changes detected in a decapod community 
from a littoral detritic bottom with strong hy­
drodynamic conditions from Southern Spain, 
caused (at least in part) by anthropogenic dis­
turbances. 

MATERIALS AND METHODS 

The studied área (Fig. 1) is located in Atlantic waters 
in Province of Cádiz, in Barbate Bay, near of Punta del 
Tajo and Trafalgar Cape and very cióse to the Straits of 
Gibraltar (South of Spain), between 36°08.73'-36°09.71'N 
and 05°55.19'-05°53.59'W. This is an área with very 
strong hydrodynamic conditions due to tidal currents 
(tidal amplitude somewhat more than 3 m), which are 
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increased by the existence of underwater flagstones that 
guide and intensify them, and by the strong influence of 
the inflow-outflow current through the Straits of Gibraltar. 

Four sampJes were taken each month, in the morning, 
two at 15-18-m (Bl, Rl) and two at 24-m (B2, R2) depth, 
at two transects separated by 2.5 km (Fig. 1) during Oc-
tober 1993-August 1995. For sarapling, we used a small 
rock dredge, with a rectangular frame of 42 x 22 cm 
mounted with a double net, the size of the inner mesh 
being 4.5 mm and the outer 10 mra. A large sampling área 
was dredged (15 min at 1 kt) in order to cover the mín­
imum área (Manjón-Cabeza and García Raso, 1998a). The 
detritic sediment was mostly coarse sand, fine gravel, and 
Amphioxus sand with abundant bioclastic remains (Rueda 
et al, 2000). In this study the four monthly samples were 
grouped after they had been analysed separately to ver-
ify that the composition was similar. This allowed a global 
view of the community in the área and reduced the ef-
fect of possible local and sporadic perturbations (e.g., as 
consequence of tidal currents in different hours or days). 
For separating fauna in the laboratory, the sediment was 
washed over a sieve column with a mesh size between 1 
cm and 1 mm. The general structure of the decapod com­
munity and the population structure of the dominant 
species during a first study were presented in Manjón-
Cabeza and García Raso (1998a, b). 

During study of a second sampling period (Novem-
ber 1994 to August 1995), the dredging and enlargement 
of the harbour and the restoration of a beach on the coast 
facing the sampling points affected temporally the com­
position of the sediment. In this way there was an increase 
in the proportions of fine sand and muddy sand (mainly 
in the stations Bl and B2). 

In this community study, the valúes of "permanence 
of presence" throughout the year (Ci%) and "dominance 
or relative abundance" (Di%) (García Raso and Fernán­
dez, 1987; López and García Raso, 1992) allowed us to 
understand the importance of each species within the 
community. Also, the diversity Índex (Shannon-Wiener, 
as defined in Krebs, 1989) and evenness Índex (Pielou, 
1966) were employed, and the significance of H' between 
years was determined (Magurran, 1989). In addition, a 
correspondence analysis (Ter Braak and Prentice, 1988) 
was applied to sample data. 

RESULTS 

The quantitative results found during 
the second sampling period (November 
1994-August 1995), in which the anthro-
pogenic disturbances happened, are shown in 
Table 1. In this community hermit crab 
species were quantitatively dominant, espe-
cially Diogenes pugilator representing more 
than 75% of the total specimens caught (Table 
1, Fig. 2). 

During late summer and early autumn 
1995, particularly in August (and at the end 
of July), seaweeds occurred. This circum-
stance was associated with a modification of 
the number of specimens of some species (a 
decrease in hermit crabs and an increase in 
the porcellanid Pisidia longicomis and the 
galatheid Galathea intermedia) (Table 1) and 
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Fig. 1. Área of study and sampling points (R1, R2, B1, 
and B2). Stippled áreas: rocks (flagstones) underwater. 
Arrows: normal flow of tidal currents. 

a slight change in the structure of the com­
munity (increase in the valúes of H' and J', 
Table 2). In this way, in ordination analysis 
(Fig. 3), August, the month with abundant 
seaweeds, was clearly separated from the oth-
ers. 

The analysis of S and H' Índices during 
the studied period (Table 2, Fig. 4) show os-
cillations but not an evident seasonality. 

On the other hand, comparative analysis 
of the monthly changes of these ecological 
Índices (H' and J') from a cumulative point 
of view, between years (without and with an-
thropogenic disturbances), show differences 
(Fig. 5), probably as a result of the strong re-
duction of the seasonality (during the distur-
bance period). However, at the end of each 
year, the total accumulative valúes of H' are 
very similar (Table 3), although they are sig-
nificantly different (t = 3.34, P < 0.001). 

DISCUSSION 

The comparative analysis of the two years, 
one without (Manjón-Cabeza and García 
Raso, 1998a) and the other with anthro-
pogenic disturbances, shows variability in the 
structure of the decapod crustacean commu­
nity from the detritic substrates from the Bar-
bate littoral and a relatively médium richness. 
However, this richness even could be con­
siderad high taken into account the general 
characteristic of this biotope (Peres and Pi-
card, 1964) and the strong hydrodynamism of 
the studied zone, which amplify the disper-
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Fig. 2. Changes in the number of specimens (N). No-
vember 1994 to August 1995. Continuous Une: total num­
ber; discontinuous lines: (+): without D. pugilator spec­
imens, ("): without D. pugilator and G. intermedia spec­
imens, ( ): without D. pugilator, G. intermedia, and P. 
longicornis specimens. 

sion of the macrofauna and should genérate 
a relatively low richness. 

The decapod community is dominated by 
the hermit crabs and especially by Diogenes 
pugilator. The strong dominance of this 
species, together with the appearance of sea-
weeds in late summer and beginning of au-
tumn (which is associated with the appear­
ance of some species or with the increasing 
number of specimens), are determinant of the 
structure and evolution of this community. 
This was clearly observed in the year with­
out anthropogenic disturbances (October 
1993 to September 1994, in Manjón-Cabeza 
and García Raso, 1998a), in which a clear and 
long seasonality related with a long seaweed 
period (June-October) appears. 

Quantitative and qualitative differences be-
tween the two periods (without and with an­
thropogenic disturbances) exist. The qualita­
tive are relatively small and, in this way, no 
more than seven species (over a total of 41 
species) are not shared, which only represent 
0.4% of the total abundance. In addition, the 
dominant species are the same and only small 
changes in the relative abundance order have 
been detected. The essential variations be-
tween both periods appears in the absolute 
abundances of the species (Table 2 and Man­
jón-Cabeza and García Raso, 1998a). 

Stronger variations have been found in the 
study of the Mollusca community (Salas, per­
sonal communication), in which a clear in-
fluence of the sediments exists. 

These inter-annual changes could be im-
puted, at least, to the following: A) Extrinsic 
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Fig. 3. Quantitative Correspondence Analysis between 
monthly samples. Axes I and II represented. Cumulative 
percentage variance and eigenvalues of the axes I, II, III, 
and IV respectively: 50.7, 65.3, 77.2, 84.1 and 0.137, 
0.039, 0.032, 0.019. Total inertia: 0.27. Closed circles are 
months with seaweed. 

factors related with seasonal and specific situa-
tions, which could change temporally the lo­
cal conditions (such as in Fromentin et ai, 
1997), but not as a consequence of extreme 
situations (as in Dorjes et al, 1986). Henee, 
differences in pluviometry at the end of spring 
and in the beginning of summer between years 
are associated with a different intensity of flow 
in the Barbate river, which affeets more or less 
the shallower localities. However these dif­
ferences, between the two compared periods, 
were slight (data from "Instituto Nacional de 
Meteorología, Andalucía Occidental")- B) An-
thropogenic disturbances happened during the 
second period, including the dredging and en-
largement of the harbour and the restoration of 
a beach. Consequently, the sediment was re-
worked very near to the sampling área (mainly 
stations Bl and B2), producing a higher tur-
bidity that probably affected the infaunal com-
munity, directly or indirectly through the settle-
ment of larvae and the seasonal appearance of 
seaweeds. In the year with anthropogenic dis­
turbances the period with seaweed was shorter 
than the previous one, without disturbances, 
and the algae were more scarce. This kind of 
disturbance affeets the pelagic phases by the 
suspensión of particulate matter, with a fur-
ther effect on the benthic populations (Men-
zie, 1984; Bonvicini et al, 1985). In this way, 
the delay in the appearance of seaweeds and 
their lower abundance in the "disturbance pe­
riod" could be caused by this factor. 

S 25 

20 

15 

10 

2.5 H'-J' 

—1 H 1 1 1 1 ! 1 1- 0.0 
XI XII I II III IV V VI VII VIII 

Months 

Fig. 4. Evolution of the structure of the community, No-
vember 1994 to August 1995. H' = diversity index, J' = 
evenness index, and S = richness. 

On changes of macrobenthic assemblages, 
Dorjes et al. (1986), analysing the sublittoral 
macrozoobentos near the island of Nordemey 
(1976-1985), found changes in the species 
composition, where many appear sporadically 
and others only develop large populations in 
certain years, disappearing completely or de-
creasing their abundance in others. Fromentin 
et al. (1997), in the study of the muddy-fine 
sand Abra alba community in the northwest-
ern coast of France, found important changes 
in species composition, with rapid succes-
sions of distinct groups of species. 

In our study, the dominant species of the 
community remained the same and only 
changes in the abundance valúes and slight 
modifications in the dominance order were 
detected, the more interesting affecting her-
mit crabs and species such as Galathea in­
termedia, Pisidia longicornis, and Thoralus 
cranchii, the first associated with sandy bot-
toms and the last three with the appearance 
of seaweed. In this way changes in the envi-
ronmental conditions (natural and/or by hu­
man actions) would affect the algal settlement 
and genérate changes in species composition 
of decapods, in the abundance of the differ­
ent species, and variations in the evolution 
of the monthly structure of the community be­
tween years (H', J', S) (Fig. 4 and Figs. 3, 4 
in Manjón-Cabeza and García Raso, 1998a). 
As a result, in the year with anthropogenic 
disturbances there were: a decrease in the 
general abundance and particularly in the 
number of specimens of the two dominant 
species (Diogenes pugilator and Galathea in­
termedia); more fluctuations in the monthly 
valúes of the diversity index; a increasing in 
the J' valúes, and a strong reduction in the 
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Table 3. The annual relative abundance (%) of the 
dominant species, the total numbers of specimens (N), and 
the valúes of richness (S), díversity (H') and evenness (J') 
in the two periods compared. 

Oct. 

Diogenes pugilator 
Galathea intermedia 
Pisidia longicornis 
Paguristes eremita 
Pagurus prideaux 
Pagurus forbesii 
Spiropagurus elegans 
Ebalia tumefacta 
Liocarcinus depurator 
Anapagurus hvndmanni 
Anapagurus alboranensis 

Tota 

Relative ab 

•93-Sep. '94 

76.57 
9.79 
3.05 
2.74 
1.52 
0.72 
0.85 
-
0.63 
0.51 
-

cumuiative valties 

N 8,992 
S 
H' 
y 

37 
1.55 
0.29 

andanccs 

No\ . '94-Aug. '95 

75.14 
6.58 
3.35 
3.68 
3.52 
1.93 
0.97 
0.68 
-
1.33 
0.97 

6.496 
34 

1.66 
0.32 

seasonality (see Manjón-Cabeza and García 
Raso, 1998a, and present data). López-Jamar 
et al. (1986), in the study of the structure of 
two communities from La Coruña (Spain), 
found that a community living in an área with 
little human influence and with a stable sed-
imentary environment was more stable, and 
the fluctuations of diversity (H') and evenness 
(J') were small, in comparison to a commu­
nity where there was more intense human ac-
tivity, such as polluted harbour áreas (where 
dredging operations happen), had wider fluc­
tuations due to anthropogenic disturbance. 

On the other hand, the evolution of these 
Índices from an accumulative point of view 
show that the total annual results are very 
similar (Table 3, Fig. 5), which suggests a 
trend to return to the typical structure of the 
community (as happened in the study of 
Davoult et al, 1993), which are variations in 
structure due to variations of relative abun-
dances of a few species. 

All these results could mean that the deca-
pod community living in a strong hydrody-
namic área like the one studied is well 

H' 

Fig. 5. The evolution of monthly cumuiative valúes of the ecological Índices (H' = diversity, Y = evenness, S = 
richness) in the two years compared (top: October 1993 to September 1994, year before disturbances (period with 
seaweeds: June to October); bottora: November 1994 to August 1995, year with anthropogenic disturbances (few 
seaweeds and mainly in August). 
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adapted to this condition and better resist dis­
turbarles (but none strong). Also, the fact that 
the dominant species of the studied cornmu-
nity were the same in both years, with only 
changes in abundance, is consistent with the 
opinión of Boesch and Rosenberg (1981): 
"communities in less constant environments 
are more resistant to disturbance, and 
colonists in inconstant environments affected 
by disturbance are usually species already 
dominant in the community rather than alien 
opportunistic species." 

On the other hand, the strong currents of 
the área increase the winnowing of the sedi-
ments, reduce the turbidity and facilítate a 
prompt return to the previous conditions, in-
creasing the elasticity of the system (Orians, 
1980), in which the decapod community pre-
sents a cyclic structure (as result of the men-
tioned annual seasonality). 
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