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POPULATION STRUCTURE AND GROWTH OF THE HERMIT CRAB
DIOGENES PUGILATOR (DECAPODA: ANOMURA: DIOGENIDAE) FROM
THE NORTHEASTERN ATLANTIC

M. E. Manjon-Cabeza and J. E. Garcia-Raso

ABSTRACT

A population of the hermit crab Diogenes pugilator from the northeastern Atlantic (Barbate, Straits
of Gilbraltar, Spain) was studied. The results show continuous recruitment throughout the year,
within a size range from 0.4-1.02 mm in cephalothoracic shield length, as a consequence of the
prevalence of ovigerous females throughout the year. The sex ratio was in favor of females. Re-
sults of size-frequency distributions from different locations show that there was no clear segrega-

tion of sizes by sexes or depths.

Five cohorts can coexist, although a decrease in the number of specimens was observed in the
second year studied, perhaps induced by human influences in the area (the building of a new har-
bor and the restoration of the beach). The values of the Von Bertalanffy parameters (K and Leo)
showed slight differences between sexes and between years within sexes, as is shown in the ¢’ in-
dex analysis. The estimated maximum longevity of the individuals in the population studied was about
2 years, but normally the cohorts lived in the study area for approximately 1 year.

There are many studies on different bio-
logical aspects of species of hermit crabs,
mostly related to relative growth and behav-
ior, such as the use of gastropod shells where
they live (Hazlett 1981, 1983, 1989, 1992;
Bertness, 1980, 1981a, b, c; Blackstone,
1986a, b; Gherardi, 1991; Pessani et al.,
1990; Pessani and Premoli, 1993; and others).

However, studies on the population struc-
ture of hermit crabs are scarce, particularly
for European species (Gherardi, 1991; Man-
jon-Cabeza and Garcia Raso, 1994, 1995).
Studies of Diogenes pugilator (Roux, 1829)
are relatively few. However, there are stud-
ies on taxonomy (Forest, 1956; Ingle, 1993),
larval development (Pike and Williamson,
1960), reproduction (Mouchet, 1931; Bloch,
1935), biometrics (Condreanu and Balcesco,
1968), and ecology (Guillén and Pérez
Ruzafa, 1993).

This species is most abundant in shallow soft
bottoms (Pérés and Picard, 1964; Ledoyer,
1968) at depths between 0126 m (Selvie, 1921;
Forest, 1961, 1965). It occurs normally between
0.2-40 m (Zariquiey, 1968; Ingle, 1993).

The aim of this study is to analyze the
structure of a population and absolute growth
of Diogenes pugilator from southern Spain.
The structure of the shallow soft-bottom dec-
apod community where this population lives
has recently been described by Manjoén-
Cabeza and Garcia Raso (in press).

MATERIALS AND METHODS

The study area (Fig. 1) is located in Barbate Bay,
province of Cadiz, in the vicinity of the Straits of Gibral-
tar, between 36°08'73”N, 05°55'19”"W and 36°09°71”N,
05°53'59”W. The bottoms analyzed are at a depth of
15-24 m. Two transects, separated by 2.5 km, were se-
lected for sampling, one in front of Barbate (B) and the
other farther east, in front of Retin (R). Two samples were
taken from each transect, at 15-18 m (B1, R1) and 24 m
(B2, R2), respectively, in order to determine possible

Zahara de los atunes

Fig. 1. Area of study and sampling points (R1, R2, BI,
and B2). Arrows = tidal currents; lined areas = submerged
rocky outcrops.
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Fig. 2. Changes in a population of Diogenes pugilator.
in sex ratio (over a total of 10,535 individuals).

movements or migrations. The sediment is mostly detritic
of mixed and coarse sand (Q,,= 0.25-1.3 mm), with some
fine gravel and Amphioxus sand with abundant bioclas-
tic remains. The sediment is fine-medium sand (Q,,= 0.2
mm) only in the B1 locality.

The main currents in this area are influenced by the
proximity of Punta del Tajo and the Cape of Trafalgar.
The frequent submerged rocky outcrops may play a role in
the amplification and channeling of tidal currents. The sur-
rounding shallow bottoms are sandy. For this reason, in
the shallower sampling point B1, which is closer to the
beach and the Barbate river mouth, the percentage of fine
sand is higher (Manjén-Cabeza and Garcia Raso, in press).

During two years (October 1993 to June 1995),
monthly samples were taken using a small, heavy dredge,
like those used for rock-dredging, with a rectangular
frame of 42 x 22 cm and double net. The size of the in-
side mesh was 4.5 mm knot to knot. Despite this, we were
able to get a good representation of small specimens, be-

A, Monthly density throughout the two years; B, Changes

cause of the characteristics of the sediment. For all sam-
pling, the rock-dredging was carried out for 15 min, ran-
domly in the selected locations, in the morning, and with
good sea conditions.

In the laboratory, the sediment was washed through a
sieve column with a mesh size between 1 cm and 1 mm.
The fauna was separated and the hermit crabs were iden-
tified (Zariquiey, 1968; Ingle, 1993).

The cephalothoracic shield length (SL: maximum
length, from the rostrum to the posterior part of the shield)
was measured by a VID V computer program that
processed stereoscopic microscope images taken by video
camera, with a measurement error of 0.001 mm. The
shield is the structure most frequently used to define size
in hermit crabs. It is used as a reference measurement
(McLaughlin, 1974; Blackstone, 1986a, b; Lancaster,
1990; Ingle, 1993; etc.), in spite of its narrow relation-
ships with shell sizes (Bertness, 1981a; Lancaster, 1990).
In the statistical analysis, nonparametric tests for equal-
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Fig. 3. Frequency histograms of size classes (cephalothoracic shield length in mm) of Diogenes pugilator. A, In
different depths and localities (Retin and Barbate, 1 = 15-18 m, 2 = 24 m), all months combined. B, all localities
and depths combined. Fr = frequency. White areas = males, black areas = females.
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Table 1.
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Monthly mean size with the standard error (SD), the maximum (Max) and minimum (Min) of the cephalotho-

racic shield length for males and females of Diogenes pugilator. Sig. = Significance of the test of equality of the
means between males and females (Mann-Whitney U-test, *significant difference a = 0.01).

Males

Females

Mean + SD Range (Min-Max) Mean + SD Range (Min-Max) Sig
1993 Oct. 249 1+ 0.72 1.16-4.51 2.52 + 0.58 0.83-3.78
Nov. 2,13+ 0.77 0.68-4.24 2.14 = 0.68 0.75-4.02
Dec. 2.68 £ 0.92 0.80-5.33 2.69 + 0.83 0.94-5.13
1994 Jan. 2.06 + 0.62 0.53-3.94 1.92 + 0.51 0.40-3.60 *
Feb. 2.22 £ 0.63 0.70-4.95 2.05 + 0.48 0.79-3.99 *
Apr. 2.25 + 0.68 0.67-4.45 2.24 + 0.56 0.75-4.24
May 2.26 £ 0.65 0.83-3.75 2.10 £ 0.49 1.02-3.65
Jun. 2.01 £0.53 1.00-3.20 1.91 + 0.50 1.09-3.24
Jul. 2.30 = 0.61 1.30-3.61 1.97 + 0.48 0.95-3.30 *
Aug. 2.52 + 0.68 0.87-4.69 2.14 + 0.48 0.75-4.06 *
Sep. 1.89 + 0.64 0.57-4.77 1.72 + 0.59 0.58-4.35 *
Nov. 2.36 + (.48 1.00-3.57 2.13 £ 0.50 0.85-3.41 *
Dec. 224 + 0.84 0.51-5.44 2.20 + 0.56 0.69-5.45
1995 Jan. 2.38 £ 0.39 0.72-3.14 2.19 £ 0.38 0.68-2.99 *
Feb. 2.45 + 0.31 1.56-3.01 235+ 0.38 1.03-3.01 *
Mar. 2.81 £ 0.48 1.46-3.74 2.34 + 0.50 0.60-3.74 *
Apr. 2.56 £ 0.47 0.98-3.46 2.48 + 0.52 0.72-3.61
May 2.38 £ 0.58 0.92-3.82 227+ 0.50 0.93-3.42
Jun. 2.51 = 0.68 0.58-4.43 2.12 £ 0.50 0.78-3.80 *
Jul. 2.54 £ 0.48 1.63-3.69 238 + 0.61 0.98-3.95
Total 234+ 0.71 0.51-5.44 2.19 £ 0.57 0.40-5.45 *

ity of the means were made (Mann-Whitney U test) af-
ter determining the pattern of the distributions (Siegel,
1956; Sokal and Rohlf, 1969). In order to analyze the fre-
quency histograms, these measurements were grouped in
size classes (26), calculated according to the highest and
lowest sizes (5.45-0.4 mm SL) (Christensen, 1983) with
a size range of 0.2 mm. Modal progression analysis for
males and females, using the method of Bhattacharya
(1967), was applied in the determination of cohorts.

To determine the Von Bertalanffy parameters (Von
Bertalanffy, 1934, 1938), the Bhattacharya and Ford-Wal-
ford methods were used (Walford, 1946; Bhattacharya,
1967) by the computer program FISAT, proposed by
Gayanilo et al. (1989) and Gayanilo er al. (1994). For
each year and sex, a cohort (presenting all or the maxi-
mum number of size classes) was selected. In order to de-
termine the differences in these parameters and in the
model of absolute growth obtained, the ¢’ index (Munro
and Pauly, 1983), modified by Sparre (1987), was applied.

REsuLTS

During the two years, a total of 11,748
specimens (6,885 females and 4,863 males)
were captured. Changes in monthly density
throughout the years is represented in Fig.
2A, where the number of specimens increases
in winter (December—February) and decreases
in April/ May—July, showing a clear seasonal
variation. This trend is more acute in shal-
lower locations (B1 and R1).

The sex ratio is clearly in favor of females
in the period studied (Fig. 2B) and at all
depths (Fig. 3A). Furthermore, ovigerous fe-
males are found throughout the year (monthly
proportion of ovigerous females during the
two years: OF/F% = 54.9, 15.7, 18.6, 51.8,
70.2, 68.1, 76.5, 40.2, 61.4, 84.9, 58.6, 58.7,
48.7, 71.9, 63.9, 62.2, 75.4, 62.1, 82.8, 59.9
(in a total of 6,685 females).

The study of the monthly means and the
maximum and minimum cephalothoracic
shield lengths are shown in Table 1. The re-
sults of the test of equality of the means
showed differences between the sexes; in gen-
eral, females are smaller than males, but
monthly differences exist (Table 1).

The results of the analysis of size-fre-
quency histograms of males and females
(Figs. 3, 5) show that at all depths the dom-
inant size classes are the same (class 9 =
2.0-2.2 mm SL) and have a similar popula-
tion structure (Fig. 3A). However, at the B1
locality Diogenes pugilator is much more
abundant than at the others (Fig. 3A).

Results of the application of modal pro-
gression analysis allow the determination of
five cohorts in the annual cycle with differ-
ent mean sizes for males and females (Fig. 4).

020Z J8qWIBAON /Z UO Jasn AjISIaAlun 81e1S MOJSO|\ A0souowo Aq $£06 L ¥2/SS./v/8 L /ejonie/qoljwoo dno-olwepeoe//:sdiy woly pepeojumod



MANJON-CABEZA AND GARCIA-RASO: STRUCTURE AND GROWTH OF A POPULATION OF DIOGENES

757

20+ 2.27
3‘ »
g - %
= F
g 10}
|
R i 1.27
3.64 4.20 4.80
0
1 26
20 [
i 2.55
10t 1.8 ] M
1.13 'd
476
0( N 5.33
1 26
20 -
2.30
B
467 5.20
26

Size classes

Fig. 4. Frequency histograms of size classes (cephalothoracic shield length in mm) of Diogenes pugilator showing
the five cohorts that coexist. F = females, M = males, B = both sexes.

More cohorts coexist in December (Fig. 5A, B),
in which the oldest cohort (with very few spec-
imens) reaches a mean size of 5.20-mm SL.

Recruitment was continuous, although
there was a greater abundance of small spec-
imens (first size class) about every two
months (mainly in the first year) (Fig. 5). In
the second year, there was a decrease in the
number of specimens and an absence of size
classes larger than 19 (Fig. 5).

The parameters of Von Bertalanffy (Leo, K)
for two cohorts (one from each year) were de-
termined for males and females (Table 2,
Figs. 5A, B, 6). They show slight variation be-
tween sexes in the first cycle, as stated in the
results of the ¢’ index analysis. According to
the growth curve, the theoretical estimated
maximum longevity of the individuals in the

population is about two years, but in the study
area they normally live about one year.

DiscussIOoN

In the study area, the population of Diogenes
pugilator has a broad representation of differ-
ent sizes, the medium sizes being dominant,
although there are populations with larger sizes
better represented in the southern Spanish
Mediterranean littoral (unpublished data; Gar-
cia Raso, 1982). However, the maximum size
found (5.45-mm SL) in this study is even
larger than those quoted by Zariquey (1968)
and Ingle (1993), who reported a cephalotho-
racic shield length of approximately 4.40 mm.

Furthermore, the mean size of females in
this population is smaller than that of males.
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Frequency histograms of size classes (cephalothoracic shield length in mm) of Diogenes pugilator showing

the cohorts. A = Males, B = Females. The cohorts are indicated with diagonal lines and bars of different shading.

This dimorphism has been recorded in other
species of the same genus, such as Diogenes
nitidimanus Terao (see Asakura, 1992). This
may be related to a slight growth reduction in
females as a result of reproductive cost (Hart-
noll, 1982, 1985). The sex ratio in the popu-
lation was significantly female-biased, which
is also in accordance with the results found
by Asakura (1992) in D. nitidimanus.
Recruitment is constant throughout the year
as a consequence of the abundant and con-
tinuous presence of ovigerous females. This

contrasts with the data from other Atlantic ar-
eas, such as Roscoff, where these are found
from May—September (Bourdon, 1965), and
with the reproductive patterns observed in
other hermit crab species from southern
Spain, such as Cestopagurus timidus (Roux,
1930) (see Manjon-Cabeza and Garcia Raso,
1994) and Calcinus tubularis (Linnaeus,
1767) (see Amouroux, 1974; Manj6n-Cabeza
and Garcia Raso, 1995), which have a well-
defined reproductive maximum and seasonal
recruitment.
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The greatest abundance of Diogenes pugi-
lator in the B1 locality is very probably due to
the kind of sediment, richer in fine sands, which
is preferred by this species and also because
this is the shallower locality (Pérés and Picard,
1964; Ledoyer, 1968, Garcia Raso, 1987).

The winter increase of individuals is appar-
ently not related to reproductive migrations,
nor with maximum recruitment of first size
classes, at least in our area of study. In fact,
there is not a strong increase in the number of
ovigerous females in previous months, which
might increase the number of individuals.

1 26
Size classes

Continued.

However, another species of Diogenes (D.
nitidimanus) undergoes migrations (Asakura,
1987b). In addition, Diogenes pugilator
shows aggregations (Bourdon, 1965), with a
maximum density of individuals in shallow
bottoms, between 1-18 m in southern Spain,
Mediterranean Sea (Garcia Raso, 1982,
1987). This abundance may be due to mi-
gration related to environmental factors, per-
haps as a consequence of the winter rains and
the greatest river flow, which affect more in-
tensely shallower localities (B1, R1) in which
a more remarkable seasonality appears.
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Fig. 6. Absolute growth curve of Diogenes pugilator. A, Males. B, Females. Continuous line = first cycle; discon-
tinuous line = second cycle. Male equations: first cycle Lt = 5.08(1 — e *'*"), second cycle Lt = 4.7(1 — ¢ °2'"). Fe-
male equations: first cycle Lt = 4.76(1 — e *'*"), second cycle Lt = 4.7(1 — e°?""). Lt = cephalothoracic shield length.

We found differences in the growth patterns
between sexes only in the second year and
within sexes between years. However, these
are very slight and, as is shown in Table 2,
the ¢’ values are very close (around 1.2 in the
first year and 1.5 in the second for both
sexes). Differences in growth between co-
horts and years are normal in decapods (Gar-
cia and Le Reste, 1986) and in other groups,
such as fishes (Baro, 1996), as the result of
many extrinsic and intrinsic factors. In our

Table 2. Growth in Diogenes pugilator. L. and K = the
growth parameters from the Von Bertalanffy equation.
¢’ = index of Munro and Pauly (1983).

L. K ¢ =LnK+2LnL_
Males first period 5.08 0.14 1.28
Males second period 4.70 0.21 1.53
Females first period 4.76 0.14 1.15
Females second period  4.70 0.27 1.52
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case, these differences may be related to in-
terannual variability (more so in an area with
strong hydrodynamic and fluctuating condi-
tions) and to the decrease in the number of
individuals (larger sizes) in the second year.
The disappearance of these individuals may
be due, at least in part, to human alteration
of the environment. The construction of the
new sports harbor inside the port of Barbate
and the restoration of the beach produced
temporal perturbations (in sediment compo-
sition) in the bottoms during the second year.
However, the strong hydrodynamic condi-
tions existing in the area tend to “wash” the
bottoms quickly. These human acts cause al-
terations in the gastropod shells available and,
perhaps, in food resources. This, in turn, may
limit absolute growth, because both changes,
particularly in the shells, are important fac-
tors in growth rate (Bertness, 1980, 1981a,
1982; Blackstone, 1986a).

ACKNOWLEDGEMENTS

This research is included within the Project PB92-
0415, supported by funds from the Spanish Ministerio
de Educacién y Cultura, Direccion General de Investi-
gacion en Ciencia y Technologia.

LITERATURE CITED

Amouroux, J.-M. 1974. Sur la présence de Calcinus or-
natus (Roux, 1830) (Crustacés Anomoures) dans la ré-
gion de Banyuls-sur Mer.—Vie et Milieu 24: 421-422.

Asakura, A. 1987. Preliminary observations on the off-
shore mass migration of the sand-dwelling hermit crab
Diogenes nitidimanus Terao (Crustacea Decapoda:
Anomura).—Journal of Ethology 5: 207-209.

. 1992. Population ecology of the sand-dwelling
hermit crab Diogenes nitidimanus Terao. 5. Ecologi-
cal implications in the pattern of molting.—Journal of
Crustacean Biology 12: 537-545.

Baro, J. 1996. Biologia pesquera del besugo (Pagellus
acarne (Risso, 1826)) del mar de Alboran.—Tesis doc-
toral, Universidad de Malaga. Pp. 1-228.

Bertness, M. D. 1980. Shell preference and utilization
patterns in littoral hermit crabs of the bay of Panama.—
Journal of Experimental Marine Biology and Ecology
48: 1-16.

. 1981a. Pattern and plasticity in tropical hermit

crab growth and reproduction.—American Naturalist

117: 754-773.

. 1981b. Conflicting advantages in resource uti-

lization: the hermit crab housing dilemma.—Ameri-

can Naturalist 118: 432-437.

. 1981c. Competitive dynamics of a tropical her-
mit crab assemblage.-——Ecology 62: 751-761.

Bhattacharya, C. G. 1967. A simple method of resolu-
tion of a distribution into Gaussian components.—Bio-
metrics 23: 115-135.

Blackstone, N. W. 1986a. Relative growth and specific
growth rates in crustaceans.—Growth 50: 118-127.

761

. 1986b. Variation of cheliped allometry in her-
mit crabs: the role of introduced periwinkle shells.—
Biological Bulletin 171: 379-390.

Bloch, D. P. 1935. Contribution & I'étude des gamétes et
de la fécundation chez les Crustacés Décapodes.—
Travaux de la Station Zoologique de Wimereux [2:
183-279.

Bourdon, R. 1965. Inventaire de la faune marine de
Roscoff. Décapodes—Stomatopodes.—Editions de la
Station Biologique de Roscoff. Pp. 1-45.

Christensen, H. B. 1983. Estadistica paso a paso.—Ed.
Trillas, Mexico D. F. Pp. 1-89.

Condreanu, R., and D. Balcesco. 1968. Etude bio-
métrique comparée de certains caractéres dans deux
populations du pagure Diogenes pugilator (Roux) de
la mer noire et de 1’océan atlantique.—Bulletin Bio-
logique de la France et de la Belgique 102: 369-383.

Forest, J. 1956. Sur une collection de Paguridae de la
cote de I’Or.—Proceedings of the Zoological Society
of London 126: 335-367.

. 1961. Pagurides de |’ Afrique occidentale.—At-

lantide Report 6: 203-250.

. 1965. Campagnes du “Professeur Lacaze-
Duthiers” aux Baleares: juin 1953 et aofit 1954. Crus-
tacés Décapodes.—Vie et Milieu 16: 325-414.

Garcia Raso, J. E. 1982. Contribucién al estudio de los
Paguridos (Crustacea, Decapoda, Anomura) en el litoral
sudmediterréneo espafiol. —Investigacion Pesquera 46:
498-508.

. 1987. Contribucién al conocimiento de los
crustaceos decapodos de fondos blandos del Sur de Es-
pana.—Graellsia 43: 153-169.

Garcia, S., and L. Le Reste. 1986. Ciclos vitales, di-
namica, explotacién y ordenacién de las poblaciones
de camarones peneidos costeros.—Food and Agricul-
ture Organization (FAQ) Documento Téctico de Pesca
203: 1-180.

Gayanilo, F. C., M. Soriano, and D. Pauly. 1989. A draft
guide to the Complete ELEFAN. ICLARM software,
2. Pp. 1-70.

. P. Sparre, and D. Pauly. 1994, Theory and prac-
tice of tropical fish stock assessment.—Food and Agri-
culture Organization, Fisheries Technical Papers.
Rome, Italy.

Gherardi, F. 1991. Relative growth, population struc-
ture and shell utilization of the hermit crab Cliba-
narius erythropus in the Mediterranean.—OQOebalia 17:
181-196.

Guillén Nieto, J. E., and A. Pérez Ruzafa. 1993. Com-
posicién estructura y dindmica de los poblamientos de
Crusticeos Decdpodos asociados a las comunidades
arenosas en el SE ibéricos.—Publicaciones Especiales,
Instituto Espariol de Oceanografia 11: 175-183.

Hartnoll, R. G. 1982. Growth.—In: D. E. Bliss, ed.-in-
chief, The biology of Crustacea. Vol. 2, L. G. Abele,
ed., Embryology, morphology, and genetics. Pp.
111-196. Academic Press, New York, New York.

. 1985. Growth, sexual maturity and reproduc-
tion.—/n: A. M. Wenner, ed., Crustacean issues 3. Fac-
tors in adult growth. Pp. 101-128. A. A. Balkema, Rot-
terdam, The Netherlands.

Hazlett, B. A. 1981. The behavioural ecology of hermit
crabs.—Annual Review of Ecology and Systematics
12: 1-22.

. 1983. Parental behavior in decapod Crus-

tacea.—/n: S. Rebach and D. W. Dunham, eds., Stud-

ies in adaptation. The behaviour of higher Crustacea.

020Z J8qWIBAON /Z UO Jasn AJISIaAlun 81e1S MOJSO|\ A0Souowo AQ.4€06 L ¥2/SS//8 L /ejonie/qoljwoo dno-olwepeoe//:sdiy woly pepeojumod



762

Pp. 171-182. John Wiley and Sons, New York, New

York.

. 1989. Shell exhanges in the hermit crab Calci-

nus tibicen.—Animal Behaviour 37: 104-111.

. 1992. The effect of past experience on the size
of shells selected by hermit crabs.—Animal Behav-
iour 44: 203-205.

Ingle, R. W. 1993. Hermit crabs of the northeastern At-
lantic Ocean and Mediterranean Sea. An illustrated
key.—Natural History Museum Publications. Pp.
1-495. Chapman and Hall, London, England.

Lancaster, I. 1990. Reproduction and life history strat-
egy of the hermit crab Pagurus bernardus.—Journal of
the Marine Biological Association of the United King-
dom 70: 129-142.

Ledoyer, M. 1968. Ecologie de la faune vagile des
biotopes méditerranées accessibles en scaphandre au-
tonome (région de Marseille principalement) [IV.—Syn-
thése de 1’étude écologique.—Recueil des Travaux de
la Station Marine d’Endoume 44: 125-295.

McLaughlin, P. A. 1974. The hermit crabs (Crustacea:
Decapoda: Paguridae) of northwestern North Amer-
ica.—Zoologische Verhandelingen 130: 1-396.

Manjén-Cabeza, M. E_, and J. E. Garcia Raso. 1994. Es-
tructura de una poblacién del cangrejo ermitafio Ces-
topagurus timidus (Crustacea, Decapoda, Anomura) de
fondos de Posidonia oceanica del SE de Espafia.—
Cabhiers de Biologie Marine 35: 225-236.

, and . 1995. Study of a population of Cal-

cinus tubularis (Crustacea, Diogenidae) from a shal-

low Posidonia oceanica meadow.—Cahiers de Biolo-

gie Marine 36: 277-284.

, and . (In press.) Study and evolution of
a decapod crustacean community from the coastal de-
tritic bottoms of Barbate (Cadiz, southern Spain).—
Journal of Natural History.

Mouchet, S. 1931. Spermatophores des Crustacés Dé-
capodes Anomures et Brachyoures et castration para-
sitaire chez quelques Pagures.—Annales de la Station
Océanographique de Salambo 6: 1-210.

Munro, J. L., and D. Pauly. 1983. A simple method for
comparing the growth of fishes and invertebrates.—
Fishbyte 1: 5-6.

Péres, J. M., and J. Picard. 1964. Nouveau manuel de
bionomie benthique de 1a mer Méditerranée.—Recueil
des Travaux de la Station Marine d’Endoume 47:
1-137.

JOURNAL OF CRUSTACEAN BIOLOGY, VOL. 18, NO. 4, 1998

Pessani, D., F. Pincini, A. Catagirone, 1. Palomba, and M.
Vetere. 1990. Popolazione naturali de Clibanarius
erithropus (Crustacea, Diogenidae) in relazione alla
conchiglia occupata.—Oebalia 16: 729-732.

, and C. Premoli. 1993. Some aspects of the bi-
ology of Cestopagurus timidus (Crustacea, Paguridae)
in relation to the occupied shell.—Bolletino de Zoolo-
gia 60: 199-205.

Pike, R. B, and D. I. Williamson. 1960. Larvae of deca-
pod Crustacea of the families Diogenidae and Paguri-
dae from the Bay of Naples.—Estratto dalle Pubbli-
cazione della Stazione Zoologica de Napoli 21:
493-552.

Selvie, C. M. 1921. The Decapoda Reptantia of the
Coast of Ireland.—Fisheries Branch, Department of
Agriculture for Ireland. Scientific Investigations 1-68.

Siegel, S. 1956. Nonparametric statistics for the behav-
ioral sciences.—McGraw-Hill Book Co., New York,
New York. Pp. 1-312.

Sokal, R. R,, and F. J. Rohlf. 1969. Biometry.—W. H.
Freeman and Company, San Francisco, California. Pp.
1-776.

Sparre, P. 1987. Computer programs for fish stock as-
sessment. Length-based fish stock assessment for Ap-
ple Il Computers.—Food and Agriculture Organization,
Fisheries Technical Papers 2: 1-218.

Von Bertalanffy, L. 1934. Untersuchungen iiber die Gestz-
lichkeit des Wachstums. 1. Teil: Allgemeine Grundla-
gen der Theorie: mathematische und physiologische
Gesetzlichkeiten des Wachstums bei Wasserthieren.—
Roux’s Archives fiir Entwicklungsmechanik der Organ-
ismen 131: 613-652.

. 1938. A quantitative theory of organic growth
(inquiries on growth law, II).—Human Biology 10:
181-213.

Walford, L. A. 1946. A new graphic method of de-
scribing the growth of animals.—Biological Bulletin
90: 141-147.

Zariquiey Alvarez, R. 1968. Crusticeos Decdpodos
Ibéricos.—Investigacion Pesquera 32: 1-510.

RECEIVED: 29 November 1997.
AccePTED: 18 February 1998.

Address: Departamento de Biologia Animal, Univer-
sidad de Mélaga, Campus de Teatinos s/n, 29071 Malaga,
Spain. (e-mail: raso@uma.es)

020Z J8qWIBAON /Z UO Jasn AjISIaAlun 81e1S MOJSO|\ A0souowo Aq $£06 L ¥2/SS./v/8 L /ejonie/qoljwoo dno-olwepeoe//:sdiy woly pepeojumod



