
FUNCTIONAL MORPHOMETRY OF ARISTEUS AJVTEJVNATUS 
(RISSO, 18 16) (DECAPODA, ARISTEIDAE) 

F. SARDA, C.  BAS and J. LLEONART 

Institut de Ciencics del Mar (CSIC), Pg. Nacional s /n ,  E-08039 Barcelona, Spain 

ABSTRACT 

Crowth as reíiected by measurcmcnts of diíkrent body parts of thc pink shrimp, Aristerrs 
nntennatur (abdomen, scaphoceritc, uropods, and segmcnts on thc third and fourth pcrciopods) was 
rclated to carapacc length by typc-1 regression analysis. Therc wcre diffcrcnccs in the relativc 
growth of swimming appcndages and pereiopods. For the formcr (abdomcn, uropods, and sca- 
phoccritc) growth was ncgatively allometric at a statistically signilicant levcl, whereas for thc latter 
(pcrciopod scgmcnts) growth eithcr was isomctric or cxhibitcd a slightly positive allomctry. 
Comparison of thc measuremcnts bctwccn thc scxes rcvcaled diffcrcnces in growth only for thc 
iiropods, with thc slopcs of thc rcgrcssion lincs indicating highcr ncgative allomctry in fcmalcs 
than in males. There was no cvidence of growth discontinuity for any body part ovcr the lifc cycle 
of individuals of this spccies. Thc results havc bccn comparcd to the findings reported by other 
investigators working with othcr specics of shrimps, prawns, lobsters, and crabs, and the relativc 
growth of thc diffcrcnt body parts has bcen rclatcd to the diffcrcnt life stratcgics of cach group. 

RESUMEN 

Sc cstudia el crccimicnto rclativo de varias medidas longitudinales dcl cuerpo de la gamba 
rosada, Aristeus antennatus (abdomen, cscafocerito, uropodos y artc,jos dcl tcrccr y cuarto pcrio- 
podos), rcspecto a la longitud dcl caparazón, mcdiante un análisis de la regresión de tipo-1. Se 
observan diferencias cn cl crecimiento rclativo dc los apéndiccs natatorios y perciopodos. En los 
primeros (abdomen, uropodos y escafocerito), el crecimiento fue significativo para una alometria 
negativa, mientras quc para los scgundos (arte.jos de los pereiopodos), fiic isométrico o con 
alomctria positiva débil. Comparativamentc entrc scxos, se obscrvan diferencias significativas solo 
en el crccimicnto de los uropodos, prcscntando las hembras una alomctria negativa más fuerte que 
los machos. No se obscrvó evidencia dc discontinuidad, en ningún apbndicc, a lo largo del 
crecimiento de esta cspccic. Los resultados obtenidos se han comparado con los registrados por 
otros autores en otras especies dc gambas, langostas y cangrejos, dc manera que la discusión se 
plantea relacionando el crecimiento relativo de estas espccies con las diferentes estrategias vitales 
de cada grupo. 

INTRODUCTION 

Relative growth has been widely studied in crustaceans, and both conceptual 
and empirical aspects have been discussed by various investigators, e.g., Hart- 
no11 (1974, 1978), Finney & Abele (1981), Huber (1985), and Blackstone (1986). 
The relative growth rates (chiefly linear measurements) of different body parts 
and function of body parts, sexual dimorphism, sexual maturity, changes in 
individual behaviour with puberty, fecundity, and changes in the weight-length 
relationship are just a few of the processes that may be studied through 
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morphometric analysis and analyses of growth in general, and there is an 
extensive literature dealing with such aspects (Hartnoll, 1985). 

The  allometry of certain body parts can be of singular importance, especially 
among brachyurans, and may be a diagnostic character for some species. A 
number of investigators have studied tliis group and have established that 
sexual maturity is represented by the points of intersection between the seg- 
ments of the regression line for specific variables (Du Preez & iMcLachlan, 
1984; Gaertner & Laloé, 1986; Davidson & Marsden, 1987; Clayton, 1990; 
Abelló et al., 1990, being some of the more recent publications). Growth 
processes have also been studied in certain species of clawed and spiny lobsters, 
primarily in respect of abdominal width or morphological differentiation of 
chelae at puberty, a frequent indicator of sexual dimorphism; for general 
reviews see Aiken & Waddy (1980) for Homarus atnericanus H .  iMilne Edwards, 
1837 and Sarda (in press) for Aephrops norvegicus (L., 1758). 

In contrast, studies on growth of this type are less common in the case of 
shrimps and prawns, possibly because proportions of body parts of such species, 
unlike those of the large chelae of other decapods, do  not undergo appreciable 
variations during growth. Additionally, many of these species are fast-growing, 
and the females in some species do not carry the eggs during incubation, thus 
lessening morphometric differences between body measurements during an 
individual's lifetime. This has been borne out for the morphometry of Helero- 
carpus reedi Bahamonde, 1955 (cf. Arana, 1970) and for the weight-length 
relationships of Arisleus anlennalus (Risso, 18 16) (cf. Bas, 1966; Balestra et al., 
1975; Demestre, 1990) and for Penaeus keralhurus (Forskil, 1775) (cf. San Feliu, 
1966; Rodriguez, 1987), as well as for other penaeids (Coste110 & Allen, 1965; 
Rao, 1967; Garcia-Pinto, 1970; Le Reste et al., 1974; D'Incao & De Calasans, 
1978, Menz & Bowers, 1980; Kirkwood & Somers, 1984; Huber, 1985). Nev- 
ertheless, the literature contains few comprehensive morphometric studies on 
natantian crustacean species, probably because such species are mainly of 
interest for aquaculture, in which the weight-length relationship takes on 
primary importance. 

The  object of the present study was Arisleus anlennalus (Risso, 1816), a species 
found in the Mediterranean, neighbouring regions of the Atlantic Ocean, and 
south-eastern African coasts, and of great interest in terms of both ecology and 
fisheries. A number of workers have investigated the basic biology and fisheries 
of this species in the region (Massuti, 1961; Bas, 1966; Arrobas & Ribeiro- 
Cascalho, 1987; Relini & Orsi Relini, 1987; Sarda & Demestre, 1987, 1989; 
Tobar & Sarda, 1987, 1992; Demestre, 1990; Demestre & Lleonart, 1993). The  
present study undertook to analyze thirteen different linear measurements with 
a view to establishing relative growth, examining both pre- and post-pubertal 
differences between the sexes, and ascertaining the variability in certain 
measurements. 
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MATERIALS EN iMETHODS 

Specimens of both sexes ofA. antennatus were obtained directly from commer- 
cial fisliing vessels operating out of Barcelona harbour, which fish the middle 
slope at a mean depth from 500 to 700 m, the normal distribution range for this 
shrimp species. 

A total of thirteen linear measurements of different body parts were made on 
specimens of A. antennatus of both sexes (fig. 1). The  measurements were defined 
as follows: 

Carapace length (CL): from the posterior margin of the orbit to the posterior margin of the 
carapace, parallel to the axis of the body. 

Abdominal length (AL): laterodorsally from the anterior margin of the íirst abdominal segment 
to the posterior margin of the last abdominal segment. 

Uropodal endopodite and exopodite length (U. endo, U. exo.): from the margin of thc commis- 
sure of the articulation to the end of the terminal spinc on the dorsal ridge. 

Scaphocerite length (S): from the margin of the commissure of the articulation to the end of the 
spine on the inncr ridge. 

Article Iength: The lcngth of the ischium (1), merus (M), carpus (C), and propodus (P) on the 
third and fourth pereiopods, measured a s  the distance betwccn articulations. 

Other linear measurements, e.g., rostral length, have not been considered, 
because they were analyzed previously by Sarda & Demestre (1989). Two 
adjacent pereiopods were chosen, the third pereiopod because the propodus 
bears a chela (pincer) and it is the longest of the chela-bearing pereiopods, and 
the fourth pereiopod, which presents no chela, but the propodus carries a 
simple dactylus distally, and is also the longest pereiopod. The  assumption was 
that morphological variability might be greatest in these two pereiopods on 
account of their greater lengths. In addition to this set of measurements, 
measurements for each of the abdominal segments were reported previously by 
Balestra et al. (1975). 

Al1 these measurements were related to carapace length, which in al1 cases 
was taken to be the independent variable. A power equation of the form y = 
a.xb.eE (Huxley, 1924, 1932; Thompson, 1942) was used, where x was the 
independent variable and y was the dependent variable, representing the mea- 
surements of body parts; a and 6 were constants; e was the base of the natural 
system of logarithms; and E was a normally distributed random variable, such 
that eE was a lognormally distributed random variable with a mcan value of 
unity. 

Linear regressions were calculated using the logarithmic transformation in 
order to smooth the variance: 

T h e  type of error in the model conditions the fitting procedure employed, 
which in this case was predictive regression (Ricker, 1973), also known.as type-1 
regression (Sokal & Rohlf, 1979). This method is appropriate for analyzing the 
relative growth between two measurements, an  independent variable devoid of 



U. endo. 

Fig. 1. Morphometric measurements taken: CL: carapace length; AL: abdominal Iength; LAS: last 
addominal segment; T: telson; U. exo.: uropodal exopodite; U. endo.: uropodal endopodite; 1: 

ischiiim; M: mcrus; C: carpus; P: propodus; S: scaphoccrite. 

both observation and process error, and a dependent variable subject to process 
error as described in (1 ) .  In contrast, when the error term affects both variables, 
in other words, when neither of the variables is error-free and hence the same 
treatment is applicable to each of the variables, as in the case ofmultivariate 
analysis, functional or type-11 regression should be used as the fitting pro- 
cedure. Thorough considerations of these aspects specifically for crustaceans 
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can he found in Hartnoll (1978), Lovett & Felder (1989) and Somerton (1980). 
A test of statistical significance was then applied to the results to test for the 

hypothesis that growth was isometric (b = 1) and to compare the allometric 
growth indices for the two sexes (Sokal & Rohlf, 1979). 

RESULTS 

Table 1 presents the parameters for the equations representing the relative 
growth of each variable in relation to carapace length, together with the value 
of the regression coeílicient and the level of statistical significance for allome- 
try, and a comparison of the slopes of the regression lines for the different 
variables by sex. 

The  table shows two overall trends in the relative growth patterns. One 
group (abdomen, uropods, and scaphocerite) was highly negatively allometric 
(p<0.00 l), and the other group (pereiopod segments, excluding the carpus and 
propodus) was either isometric or  positively allometric, though at a lower level 
of statistical significance (p<0.05 or /1<0.01). Pereiopod growth, particularly 
that of the first two segments, the ischium and the merus, on the third per- 
eiopod, tended to be isometric; the statistical significance of linear growth of 
the merus in females was very weak (p<0.05). O n  the whole, growth of the 
carpus and propodus was positively allometric @<0.001), more markedly so in 
females. Fig. 2 graphically represents the main relationships established. 

The  growth pattern for the fourth pereiopod differed between the sexes. In 
males, growth of both the carpus and merus was positively allometric, whereas 

Values of relative growth parameters and level of statistical significance for each 
measurement variable. CL: carapace length; a: y-intercept; b: slope; r: correlation 
coeílicient; t: Student's t-test statistic; S: level of statistical significance (***: 
p<0.001; **: 0.01 >0.001; *: p>0.01; without mark: no significance); d.f.: degrees 

of freedom 

Males Fcitiales Cornparison 

Measurcs/CL a b r i s df a b r I s df I s df 

Abdomcn 
Uropod cndop. 
Uropod cxop. 
Scaphoccriic 
Ischiiim 3rd 
iMeriis 3rd 
Carpus 3rd 
Propodus 3rd 
Ischium 4th 
hfcrus 4th 
Carpus 4th 
Propodus 4th 
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plot of the relativc growth ofmeasurements for the different body parts against 
both sexes (in mm); black squares: females (left-hand scale); white squarcs: males 

(right-hand scale); Lc = CL = carapace length. 

in females growth was positively allometric only for the propodus, at a mode- 
rate leve1 of statistical significance (P<0.01). Comparison of the other measure- 
ments between the sexes yielded differences only for the uropods (table 1), and 
the slopes were indicative of more negatively allometric growth in females than 
in males. Growth of al1 the segments of the third pereiopod was the same in 
both sexes. 

Growth discontinuities are to be expected around the size of sexual maturity: 
CL 27 mm for females and CL 24 mm for males (Sarda & Demestre, 1987). 
None of the relationships, shown in fig. 2, provided any clear and general 
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indication of significant discontinuities in the relative growth. For that reason it 
was not considered worthwhile to pursue that line of investigations further. 

DISCUSSION 

The measurements taken can be classed in three subdivisions, related to 
distinct functional aspects: 

1. Body: carapace and abdominal length, directly related to overall meta- 
bolic processes, primarily reproduction (development of gonads in the ceph- 
alothorax) and rapid locomotion (muscle mass of the abdomen for swimming). 

2. Swimming appendages: represented by scaphocerite and uropodal length, 
both closely related to swimming ability, balance, and direction of movement. 
The generally paddle-like shape of these appendages, and the dorsal ridge 
ending in a spine that they bear, serve to strengthen them structurally, afford- 
ing them both robustness and functional characteristics appropriate for use as 
an "oar" or "rudder". 

3. Pereiopods (legs): directly related to walking ability and cropping behav- 
iour in feeding when rooting for food in the substrate. Development of these 
extremities is indicative of adaptation to the demersal hahitat. 

On analyzing the comparative morphology of these structures, one aspect 
stands out clearly from the results of the present study: differences in the 
relative growth of the swimming appendages and the pereiopods. The swim- 
ming appendages (abdomen, uropods, and scaphocerite) were negatively 
allometric at a high leve1 of statistical significance. This obviously results in a 
reduction in overall swimming ability with size. The segments of the pereiopods 
were positively allometric or isometric, making total allometry for the member 
as a whole positive. Since the relationship between size and weight has been 
commonly reported to increase following a power series (Bas, 1966; Le Reste et 
al., 1978; D'IncZo, 1978; Ivanov & Krylov, 1980; Menz & Bowers, 1980; 
Rodriguez, 1987; Demestre, 1990)) and the ability for rapid locomotion 
decreases with size, i t  is to a certain extent reasonable to expect the walking legs 
to become longer as overall size increases. 

These findings have been corroborated by research on feeding in this species 
reported by Cartes & Sardi  (1989)) which showed that the share in the diet of in 
fauna1 prey items, which live deeper in the substrate, rose in larger individuals. 
Further confirmation of this hypothesis, i.e., that larger individuals dwell in 
closer contact with the bottom, is provided by the fact that the highest positive 
allometry was recorded for dactylus length on the third pereiopod, particularly 
in females, where it attains a larger size than in males (Sardi & Demestre, 
1987). Presumably this pereiopod is used in this species' cropper feeding 
strategy. Cartes et al. (1993) also reported that larger Pasiphaea multidentata 
Esmark, 1866, adults were less able to migrate to the bathypelagic zone. 
Unfortunately, there are no studies on members of the Penaeoidea other than 
Aristeus antennatus with which to compare relative pereiopod growth. Catches in 



the demersal trawl fishery consist chiefly of medium and large individuals, 
which constitutes further evidence pointing to the higher dependence of larger 
individuals on the substrate (Tobar & Sarda, 1987; Demestre, 1990). 

The differences in uropod growth recorded between the sexes are also 
consistent with sexual dimorphism in this species in line with the hypothesis 
proposed, inasmuch as the maximum size of males is only about half that of 
females (Sarda & Demestre, 1987). Accordingly, the swimming ability of males 
can be expected to be better than that of females. Even given isometry, larger 
specimens will in any case become less suited to a pelagic life because of the 
length/weight relationship, so, the negative allometry is additional to this. 

Growth of the fourth pereiopod presented other statistically significant basic 
differences between the sexes; however, the leve1 of statistical significance of 
these differences was lower (pc0.01 and p<0.05). 

Our findings for A.  antennatus furnish no evidence of discontinuities during 
growth that would result in sudden changes in morphology at different stages in 
the life cycle. This agrees with the results of Bas (1966; total length/weight), 
Balestra et al. (1975; carapace length/abdominal somites length), and 
Demestre (1990; carapace length/weight), who also failed to find any discon- 
tinuities in the relationships between the measurements of other body parts in 
this same species. Similarly, no clear evidence of discontinuities in the relative 
growth of the main body parts has been gathered for other penaeid and aristeid 
species, and growth trends have in general been reported to be isometric 
(Arana, 1970; Le Reste et al., 1974; D'Incfio & De Calasans, 1978; Lobao & 
Lona, 1979; Menz & Bowers, 1980; Kirkwood & Somers, 1984; Lobfio et al., 
1986; Rodríguez, 1987). This finding should be underscored, because it is one 
of the major differences with respect to other groups of crustaceans such as 
lobsters and crabs, in which changes in the relative growth of certain body parts 
(chiefly abdominal width, pereiopod length, or pincer shape) are quite marked 
and significant (e.g., Aiken & Waddy, 1980; Finney & Abele, 1981; Hartnoll, 
1985; Gaertner & Laloé, 1986; Abelló et al., 1990; Clayton, 1990). The 
underlying cause of the discontinuities in reptantian species can probably be 
attributed to the slower growth rates (reflected by annual values of the parame- 
ter k in the Von Bertalanffy equation or from 0.05 to 0.6) for these species 
(Campbell, 1983, for Homarus americanus; Abelló, 1986, for Liocarcinus depurator 
(L., 1758); González-Gurriarán, 1985, for Macropipus puber (L., 1767); Marín, 
1985, for Palinurus elephas (Fabr., 1787); Da11 et al., 1990, for various species; 
Sarda, 1985, for Nephrops norvegicus (L., 1758)) as compared to the growth rates 
of Natantia, with annual values of k between 0.2 and 2.0; Menz & Blake, 1980 
and Da11 et al., 1990, for various shrimp and prawn species; Skuladottir, 198 1, 
and Nilssen & Hopkins, 199 1 for Pandalus borealis Kruyer, 1838; Kirkwood & 
Somers, 1984, for Penaeus esculentus Haswell, 1879, and Penaeus semisulcatus De 
Haan, 1844; García, 1985, for various penaeids; Arrobas & Ribeiro-Cascalho, 
1987, for Parapenaeus longirostris (Lucas, 1846); Demestre, 1990, for Aristeus 
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antennulus), in view of the influence of metabolic patterns on the life strategy of 
organisms. Sardi  et al. (1989) found the degree of calcification of the exo- 
skeleton to be a major factor affecting the growth rates of different crustacean 
groups and established associations between crustacean groups and their life 
histories on the basis of the r and Kstrategies. Mating and the associated sexual 
behaviour, territorial behaviour and aggression, horizontal distribution across 
the substrate, females carrying eggs during incubation (relative increase in 
abdominal width) (Aiken & Waddy, 1980) are some of the primary functions 
responsible for the development of morphometric changes during the life cycle 
of highly calcified crustaceans like lobsters and crabs. However, these argu- 
ments must be considered carefully because the numerous exceptions observed 
overall on crab species (Brachyura). 

Obviously, the weaker calcification of the carapace of natantian decapod 
crustaceans endows them with greater swimming and locomotive ability. It is 
also responsible for overlap between growth and reproduction (Webster, 1982; 
Anderson et al., 1985; Sardi, 1991), such that both these processes occur 
continuously, with no breaks in relative growth. 

The present study was funded by the Institut d'Estudis Catalans (Barcelona) 
during 1992. The authors wish to express their appreciation to Dr. 1. Palomera 
for her aid in implementing the appropriate computer system and to Ms. G. 
Fuster and Mr. J. M. Anguita for their technical assistance. Mr. R. Sacks 
prepared the English translation. 
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