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Material and methods

The specimens of the small hermit crab Cestopagurus timidus (Roux, 1930) came from a well-estab-

lished Posidonia oceanica meadow growing on a sandy bottom with a few rocks off Genoveses beach in

the Cabo de Gata-Nijar Natural Park, Almeria (S.E. Spain).

Samples were collected by SCUBA divers every two months over two years (1986 and 1987). Depths

sampled ranged between three and seven metres. Sample areas were always larger than 900 cm- and

the rhizome heights were approximately 20 cm (Garcia Raso 1990). In the laboratory the leaves and

rhizomes were separated and washed over a three-sieve column; the smallest mesh was 0.5 mm.

The different anatomical structures were analysed by a VID V Computer program that processed

stereoscopic microscope Images of the samples recorded by video camera, measurement error was

± 0.0001 mm. Five parameters were measured: cephalothoracic shield length (GL); cephalothoracic

shield width (GW); propodus length of the first ambulatoty leg (cheliped length) (QL); propodus width

of the first ambulatory leg (cheliped width) (QW); and the length of the right male sexual tube (TL).

Of the many ways for separing juvenile and adult phases and to define puberty size, the best method

uses histological techniques to determine gonad-development states, degrees of maturity and the

presence of spermatozoa in the vasa deferentia, but they require either fresh or appropriately-fixed

specimens and they have the disadvantage of being destructive.

In the present work the specimens came from collections in which the preservative is alcohol and,

also, they must not be destroyed. Thus, other methods had to be used.

For separing females, the simplest was to consider the smallest-sized ovigerous female found as the

representative of the first mature size, but this would have been misleading because some eggless

females could well be mature and as the presence of ovigerous females in samples would depend more

on the time in the annual reproductive cycle at which sampling was carried out. More appropiate is the

study of the population during the reproductive period and to consider as the first-mature-size the size

at which 50 % of the females examined were ovigerous.

Another method analyses relative growth (Huxley 1924, 1932, 1950, Teissier 1935, 1960, Mayrat 1967,

Hartnoll 1974, 1978, 1982; Laird 1965, Laird, Tyler & Barton 1965, Laird, Barton & Tyler 1968, Barton

& Laird 1969), especially of sexually dimorphic structures. This method represents the relationships

between the chosen parameters, either by the exponential y = a x'', or by its logarithmic transformation.

Lg y = Lg a + b Lg x; in which the value of b defines the type of relative growth (b<l is negative

allometry, b=l is isometry, b>l is positive allometry). However, there is now criticism of logarithmic

transformation (Lovett & Felder 1989).

The relative growth method determines puberty-size indirectly because maturing gonads, ovaries

and androgenic glands, begin to secrete hormones that stimulate development of the adult secondary

sexual characters that modify the growth curves of their associated parameters, either by making the

"moult-discontinuity" more marked, or by changing the slope of the relative growth equation (regres-

sion line). The point at which the slope becomes discontinuous or changes direction marks the

transition from the juvenile to the adult phase. This method has a five-fold advantage: it can be used

for both males and females; the material need not be "fresh"; no special fixing process is required; the

specimens need not be from the reproductive period; and, because it can reveal changes in the growth

rhythms of the different anatomical structures, it greatly helps the Interpretation of behaviour strate-

gies.

The transition step from immaturity to maturity does not take place at the same time in all individuals

of a population, that is to say, it may occur at an earlier or later instar. Specimens with the same age

may have different sizes and this gives rise to considerable scatter around the mean puberty size; this

is the overlap zone in which it is practically impossible to know (using anatomical external feactures)

which are small adults or large juveniles. Somerton (1980) suggests a method to identify specimens in

the overlap zone that is adopted by other authors like Gaertner & Laloe (1986), but it requires the prior

analysis of juveniles or adults outside the overlap.

The Classification study reported in this paper is based mainly on that of Noy-Meir (1973) and of

Lefkovitch (1976). Both these authors use principal component analysis (PGA) to fit the scattered points

of two associated variables. The Classification of the variables is carried out subsequently with the help

of dendrograms that take into account the locations of the points in the different quadrants and their

distance from the Principal Axis I (Pielou 1984).

To classify juveniles and adults in this present work we used the point that marks a change in the
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Fig. 2. A. Representation of propodus cheliped length (Q.L.) versus Principal Axis I in Cestopagurus timidiis.

B. Dendrogram obtained by propodus cheliped length (Q.L.). A: Adults, J: Juveniles, A.J.: Adults classificated as

juveniles, J.A.: Juveniles classificated as adults.

correlations had a 99 % significance. The above data shows that the error produced by an attempt to

classify juveniles and adults by cheliped length (QL) was cancelled (Fig. 2B). However,when cephalot-

horacic shield length was chosen, the error was greater because 12.4 % of specimens are indeterminate

(11 % of juveniles could be classified as adults and 1.4 % of adults as juveniles) (Fig. 3B).

The puberty size in males is reached at 1.67 mm of big cheliped length or, about 1.6 mm of cepha-

lothoracic shield length.

In females (Fig. 4) the curve that fitted the scatter of principal components analysis of cephalothoracic

shield length (CL) against cheliped length (QL) is y=0.22x--t-0.176x-0.0186, but as r=0.26, and n=:40, it

was not significant (P> 0.001). Consequently, there was no significant change in the slope of these two

Parameters to differentiate between juveniles and adults.

Relative growth

Figs. 5-8 give the equations for the relative growth of the parameters analysed.

1. Relationship between cephalothoracic shield length (CL) and cheliped propodus length (QL).

For males, the slopes of the relative growth curves of juveniles and adults were significantly different

(Fig. 5A); confidence limits for juveniles were b=:0.52 ± 0.007, and those of adults were b=l .01 ±0.10. The

coefficient for juveniles revealed negative allometry, while that for adults was isometric.

For females, growth was almost isometric (Fig. 5B). The slope value was b=0.86±0.30, which is

intermediate between those of juvenile and adult males.
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Fig. 3. A. Representation of the cephalothoracic shield length (C.L.) versus Principal Axis I in Cestopngunis timidus.

B. Dendrogram obtained by cephalothoracic shield length (C.L.). A: Adults, J: Juveniles, A.J.: Adults classificated

as juveniles, J.A.: Juveniles classificated as adults.

2. Relationship betv\^een propodus length (QL) and propodus width (QW).

For males (Fig. 6A), the slopes of the relative growth curves of juveniles and adults were significantly

different, the juveniles had slightly positive allometry (b=1.14±0.51), while the adults had almost

isometric relative growth (b=0.88±0.09).

C:
II

Fig. 4. Principal Component Analysis and Polynomial Curve fit in females of Cestopagums timidus.
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Fig. 5. Logarithmic relationship between cephalothoracic shield length (C.L.) and propodus cheliped length (Q.L.)

of Cestopagiirus timidus. A: Males. B: Females.

For females (Fig. 6B), the value was (b=0.75±0.61) being the slope not significantly different to one
of adult males.

3. Relationship between cephalothoracic shield width (CW) and cephalothoracic shield length (CD.
No significant differences were found between the growth levels of juveniles and adults (Figs. 7A,

Tb). The growth of both sexes was isometric and this indicates that both parameters increase at the same
rate. The allometry coefficient for males was b=1.01 ±0.15 and for female was b=l.n ±0.17.

4. Cephalothoracic shield length (CL) against sexual tube length (TL) (Fig. 8B).

Relative growth was isometric (Fig 8A); b=1.07±0.75.

Discussion

Somerton (1980) classified those juvenile or adult specimens located within the overlap zone, but in

that method, one must first analyse the two non-overlap zones. This is difficult when the overlap is

large and the relative growth curves of the clearly-defined juvenile and/or adult phases are short or

badly defined. This could be because the size ränge of the population sample only represents a fraction

of the whole population (because of high mortality, adult migration, etc.).
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Fig. 8. A. Logarithmic relationship between cephalothoracic shield length (C.L.) and sexual tube length (T.L.) in males

of Cestopagurus timidus. B. Right sexual male tube of C. timidus.
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