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NEPHROPS NORVEGICUS: COMPARATIVE BIOLOGY AND FISHERY IN THE MEDITERRANEAN SEA. F. SARDA (ed.)

Comparison of several populations of Norway lobster,
Nephrops norvegicus (L.), from the Mediterranean
and adjacent Atlantic. A biometrics study*
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SUMMARY: Six populations of Nephrops norvegicus were compared using canonical variate analysis on morphometric
characters. The areas where the samples were obtained were the south coast of Portugal (Algarve) in the Atlantic and five
areas in the Mediterranean: the Catalan Sea, the Ligurian Sea, the Tyrrhenian Sea, the Adriatic Sea and the Gulf of
Euboikos. Each sample consisted of 50 males with sizes chosen to belong as much as possible to the carapace length range
of 30-35 mm. Two systems of variables were used: body measurements (74 variables) and counts of spine rows on the
carapace (23 variables). Several criteria were used to select experimental units and variables to include in the statistical
analysis: a) homogeneous groups for all areas (using as indicators the mean and the variance of the carapace length), b)
normal distribution of the original variables within each group, ¢c) homogeneity of variance between groups, d) variables
with few missing values. The conjunction of all these criteria led to a reduction of individuals and variables to be includ-
ed in the analysis. In the end, 27 variables representing body measurements and groups of 22 to 43 individuals for each
area were kept. The first two canonical correlation coefficients were highly significant (p<0.0001) with the corresponding
variates explaining 81% of the variation. There were no single pairs of populations showing complete separation, although
the degree of overlap was different when different pairs were compared. The 3 populations in the West and Central
Mediterranean, Catalan Sea, Ligurian Sea and Tyrrhenian Sea showed the highest levels of similarity. The population from
the Atlantic showed greatest distances overall, followed by the population from the Euboikos Gulf, representing the
Eastern extreme of the geographical range.
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RESUMEN: COMPARACION DE VARIAS POBLACIONES DE CIGALA (NEPHROPS NORVEGICUS) DEL MEDITERRANEO Y ATLANTICO
ADYACENTE. UN ESTUDIO BIOMETRICO. — Se comparan los caracteres morfométricos de seis poblaciones de cigala (Nephrops
norvegicus) del Mediterraneo mediante analisis candnico multivariante. Las 4reas de donde proceden las muestras son la
costa sur de Portugal (Algarve) en el Atlantico y cinco areas del Mediterraneo: El mar Catalan, el mar Ligur, el mar
Tirreno, el mar Adriatico y el golfo de Euboikos. Cada muestra consistio en 50 ejemplares machos con rangos de talla com-
prendidos entre 30 y 35 mm de longitud de caparazdn o muy proximos a ellos. Para los analisis se consideraron dos con-
juntos de variables, las medidas del cuerpo (28 variables) y las del nimero de espinas en cada una de las hileras del capa-
razon (23 variables). Se utilizaron varios criterios para seleccionar experimentalmente las unidades y las variables a incluir
en el andlisis estadistico: a) grupos homogéneos en todas las areas (usando como indicadores la media y la varianza de la
longitud del caparazon), b) la distribucion normal de las variables originales dentro de cada grupo, c¢) la homogeneidad de
la varianza entre grupos, d) variables con poca pérdida de valores. El conjunto de estos criterios llevd a una reduccion de
individuos y variables para ser incluidos en los anilisis. Al final quedaron 27 variables representando las medidas del cuer-
po y grupos de 22 a 43 individuos por area. Los primeros dos coeficientes de correlacion candnica fueron altamente sig-
nificativos (p<0.0001), con las correspondientes variables explicando el 80% de la variacion. No se observo ninguna
poblacion con una separacion clara de las demas. No obstante, el grado de solapamiento fue distinto cuando se compara-
ron los distintos grupos entre si. Las tres poblaciones del Mediterraneo occidental y central: mar Catalan, mar Ligur y mar
Tirreno, mostraron altos niveles de similaridad. La poblacion atlantica, mostrd la mayor separacion seguida de la pobla-
cion procedente del golfo de Euboikos, la cual representa el extremo oriental de la distribucion geografica estudiada.

Palabras clave: Nephrops norvegicus, Mediterraneo, biometria, poblaciones, analisis canonico.
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INTRODUCTION

Biometric studies have been used to find dif-
ferences among populations of the same species
that may indicate genetic and/or environmental
effects. Statistical techniques for detection of
biometrical differences range from simple com-
parisons of regression lines between several
groups to multivariate statistical analysis, deal-
ing simultaneously with a large range of vari-
ables. Discussions related with the use of regres-
sion models for biometrics studies in crustaceans
are provided in Lovett and Felder (1989) and
Clayton (1990).

Techniques requiring complicated calcula-
tions, as is the case of multivariate techniques,
have become more popular with the availability
of microcomputers. These techniques allow the
simultaneous analysis of many variables, for
example rearranging them in linear combinations
to produce new variables (variates). These tech-
niques reduce the number of important variables
to a much smaller number that those originally
measured. Because several variables can be con-
sidered simultaneously, interpretations can be
made that are not possible with univariate statis-
tics (James and McCulloch, 1990). These tech-
niques also allow the detection of non-obvious
patterns in the variability, therefore indicating
groups within the data. These properties of mul-
tivariate analysis have been used in morphomet-
rics to verify dissimilarities corresponding to
populations of the same species.

The most widely used multivariate tech-
niques, in the context of data classification, are
‘principal component analysis’ (PCA) and
‘canonical variate analisys’ (CVA). CVA is also
referred to as ‘linear discriminant function analy-
sis” or ‘linear discriminant analysis’; Braak,
1995). A review of the use of multivariate analy-
sis by James and McCulloch (1990) shows that
over 40% of around 500 papers reviewed used
one of these two techniques.

Both PCA and CVA are dimension-reduction
techniques. The basic data used in the context of
morphometric studies, consists of a matrix of
individuals (lines) and morphometric measure-
ments (columns) formed by several sub-matrices,
each sub-matrix relative to one of the groups
(populations). In CVA normal standardisation of
the data is done within each sub-matrix, using for
each group the mean of the corresponding vari-
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able in that group. This stresses the differences
among the groups, as opposed to PCA, where the
standardisation of the data is done ignoring the
classes and using a single population mean for all
individuals (Digby and Kempton, 1987). CVA
seeks linear combinations of the variables that
have greatest between group variation relative to
their within group variability (Digby and
Kempton, 1987). The first linear combination
(canonical variate) that maximises this ratio is
found. The next variate will be the linear combi-
nation obeying the same criteria but subject to
the condition of being uncorrelated with the pre-
vious one. The coefficients of the canonical vari-
eties may be used to indicate the importance of
each one of the original variables for the dis-
crimination of the groups. In such a situation, the
original variables should not be strongly corre-
lated with one another (Braak, 1995).

Canonical variate analysis has been used in
numerous situations where the objective was the
identification of different populations by means
of morphometric characters. Examples of these
studies in marine biology include fish (Neff and
Smith, 1979; Wilk et al., 1980; Johnson et al.,
1983; Corti et al., 1988; Mayden et al., 1991;
Koehler, 1992; Uiblein, 1995), tintinnids
(Williams et al., 1994) and molluscs (Grahame
and Mill, 1989; Takada, 1992; Pierce et al.,
1994; Borges, 1995).

The variables used here, body measurements,
are highly correlated. For this reason CVA was
used only to look for population differences,
with no interpretation of the magnitude of the
canonical coefficients. This technique, if useful
for discriminating the groups, will find a small
number of canonical variates explaining a large
proportion of the variation in the system.

The approach used in this work was one of
dealing with the largest number of variables pos-
sible, using multivariate analysis. This was done
in the hope of finding differences of neutral
adaptive value that may indicate either popula-
tion segregation or adaptation to different envi-
ronments. The use of multivariate techniques is
particularly useful when no single character or
constant combination of characters allows sepa-
ration of groups (Newmann, 1996).

Since the objective of this work was the iden-
tification of population differences based on
morphometric measurements, the multivariate
technique used was CVA.



MATERIALS AND METHODS
Sampling procedure

The areas sampled were: the south coast of
Portugal (Algarve) off the port of Faro in the
Atlantic (P), the Catalan Sea off Barcelona (C), the
Ligurian Sea off Genoa (L), the Tyrrhenian Sea off
P.S. Stefano (T), the Adriatic Sea off Ancona (A)
and the Euboikos Gulf off Athens (G).

Only males were used in this study to avoid
noise introduced by the expected changes in body
proportions at the onset of maturity in females.
Selection of individuals for the samples was
made by attempting to collect as many individu-

als as possible with carapace length between 30
and 35 mm.

In all the studied areas 50 male specimens were
collected in the fall of 1993. Each specimen was
placed in an individual bag so that broken appen-
dices would not be lost. They were frozen and
shipped to the same lab were the measurements
were taken on all individuals.

In each animal 96 measurements where made,
including two groups or systems of variables:
dimensions of body parts and counts of the numbers
of spines in rows of spines. Measurements were
made to the 0.01 mm below, using digital callipers.
Table 1 lists variables and the corresponding vari-
able codes that will be used during this work.

TaBLE 1. — List of codes and description of the variables measures in this study.

Variable Description Variable Description

ID Identification Number ASHI1 1* Abdominal Somite Height

YEAR Year ASH2 2" Abdominal Somite Height

CODE Area Code ASH3 3 Abdominal Somite Height

CLS Carapace Standard Length ASH4 4" Abdominal Somite Heigth

CTL Carapace Total Length ASHS5 5" Abdominal Somite Heigth

CPL Carapace posterior Length ASH6 6" Abdominal Somite Heigth

CLL Carapace Lateral Length ASPL2 2" Left Abdominal Somite Pleura Length
CRL Carapace Lateral Rigth Length ASPL3 3 Left Abdominal Somite Pleura Length
Ccw Carapace Width ASPL4 4" Left Abdominal Somite Pleura Length
CH Carapace Height ASPLS 5" Left Abdominal Somite Pleura Length
ANTSL Antenna Scaphocerite Left Lenght ASPL6 6" Left Abdominal Somite Pleura Length
ANTSR Antenna Scaphocerite Right Lenght ASPR2 2" Right Abdominal Somite Pleura Length
TALID 1" Left Thoracic Appendice Dactyl ASPR3 3 Right Abdominal Somite Pleura Length
TALIP 1" Left Thoracic Appendice Propodus ASPR4 4" Right Abdominal Somite Pleura Lengt
TALIC 1" Left Thoracic Appendice Carpus ASPRS 5" Right Abdominal Somite Pleura Lengt
TALIM 1* Left Thoracic Appendice Merus ASPR6 6" Right Abdominal Somite Pleura Lengt
TAL11B 1* Left Thoracic Appendice Ischium & Basis EXLL Left Exopod Width

TAL1X 1* Left Thoracic Appendice Coxa EXLH Left Exopodo Length

TARID 1* Right Thoracic Appendice Dactil ENLL Left Endopod Lenght

TARIP 1* Right Thoracic Appendice Propodus EXLL Left Exopod Width

TARIC 1* Right Thoracic Appendice Carpus TL Telson Lenght

TARIM 1* Right Thoracic Appendice Merus TH Telson Width

TARI1IB 1" Right Thoracic Appendice Ischium & Basis EXRL Right Exopod Lenght

TARIX 1" Right Thoracic Appendice Coxa EXRH Right Exopod Width

TAL2D 2" Left Thoracic Appendice Dactyl ENRL Right Endopod Lenght

TAL2P 2" Left Thoracic Appendice Propodus ENRH Right Endopod Width

TAL2C 2" Left Thoracic Appendice Carpus RLS Rostrum Left Lateral Spines

TAL2M 2" Left Thoracic Appendice Merus RRS Rostrum Right Lateral Spines

TAL2I 2" Left Thoracic Appendice Ischium RBS Rostrum Basis Spines

TAL2B 2" Left Thoracic Appendice Basis CGLS Cervical Groove Left Spines

TAL2X 2 Left Thoracic Appendice Coxa CGRS Cervical Groove Rigth Spines

TAR2D 2™ Right Thoracic Appendice Dactyl CRSL 1 1* Left Carapace Row Spines

TAR2P 2™ Right Thoracic Appendice Propodus CRSL2 2* Left Carapace Row Spines

TAR2C 2™ Right Thoracic Appendice Carpus CRSL3 3 Left Carapace Row Spines

TAR2M 2™ Right Thoracic Appendice Merus CRSL4 4" Left Carapace Row Spines

TAR2I 2™ Right Thoracic Appendice Ischium CRSRI1 1* Right Carapace Row Spines

TAR2B 2™ Right Thoracic Appendice Basis CRSR2 2" Right Carapace Row Spines

TAR2X 2" Right Thoracic Appendice Coxa CRSR3 3 Right Carapace Row Spines

ASL 1 1** Abdominal Somite Length CRSR4 4" Right Carapace Row Spines

ASL 2 2" Abdominal Somite Length QRSL1 1* Left Chela Row Spines

ASL 3 3" Abdominal Somite Length QRSL2 2" Left Chela Row Spines

ASL 4 4" Abdominal Somite Length QRSL3 3 Left Chela Row Spines

ASL 5 5" Abdominal Somite Length LCRSI1 1* Left Carpus Row Spines

ASL 6 6" Abdominal Somite Length LCRS2 2" Left Carpus Row Spines

ASW1 1" Abdominal Somite Length QRSR1 1* Right Chela Row Spines

ASW2 2" Abdominal Somite Length QRSR2 2" Right Chela Row Spines

ASW3 3" Abdominal Somite Width QRSR3 3" Right Chela Row Spines

ASW4 4" Abdominal Somite Width RCRS1 1" Right Chela Row Spines

ASW5 5" Abdominal Somite Width RCRS2 2" Right Carpus Row Spines

ASW6 6" Abdominal Somite Width
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TABLE 2. — Number of individuals in each 5 mm carapace length class for each area. Mean and variance of the carapace length
are also included. Std, standard deviation.

Carapace length (mm)

Area Area Mean Std. [20-25] [25-30[ [30-35[ [35-40[ [40-45]
Atlantic-Portugal (Algarve) P 30.95 2.36 0 16 3 1 0
Catalan Sea C 31.48 2.84 1 12 31 6 0
Ligurian Sea L 33.01 1.84 0 4 40 6 0
Tyrrhenian Sea T 32.16 2.87 0 12 33 5 0
Adriatic Sea A 33.43 223 0 4 34 12 0
Euboikos Gulf-Greece G 31.33 4.04 3 19 18 9 1
Total 4 67 189 39 1

To avoid bias due to the measuring procedure
considerable care was taken during this phase of the
work including:

- all measurements and counts were done by the
same person using the same measuring instrument.

- 10 individuals, not part of the study samples,
were measured first for training.

- all measurements were taken within 1 week.

- the order of measurement of the individuals
was established by alternating one individual from
each area.

Statistical analysis

Table 2 includes the numbers of individuals within
each size group for the different areas. The initial
objective of obtaining a sample of individuals with
carapace length between 30 and 35 mm was not met.
The samples for the different areas had significantly
different means and variances. In order to obtain com-
parable groups, an acceptable range of carapace length
was defined. The criteria used consisted in finding the
maximum range that showed no significant differences

TABLE 3. — Data used to select appropriate range of carapace length to use in the analysis. Calculations for
ranges [25-40[ and [25-35] are shown. The sample size, mean and variance of each group as well as the basic
data used in the calculations of the test statistics are included. N, sample size. Var, variance.

Carapace length (mm)

[25-40[ [25-35[

Area Area N Mean Var. N Mean Var.
Atlantic-Portugal (Algarve) P 50 30.95 5.57 49 30.86 5.20
Catalan Sea C 49 31.66 6.50 43 31.10 4.80
Ligurian Sea L 50 33.01 3.39 44 32.63 2.59
Tyrrhenian Sea T 50 32.16 8.24 45 31.74 7.34
Adriatic Sea A 50 33.43 4.97 38 32.66 3.92
Euboikos Sea G 49 31.13 14.52 40 29.91 9.30

Smallest mean 50 30.95 5.57 40 29.91 9.30

Largest mean 50 33.43 4.97 38 32.66 3.92

t statistic for means 2.35% 1.82

Smallest variance 50 33.01 3.39 44 32.63 2.59

Largest variance 49 31.13 14.52 40 29.91 9.30

F__ statistic 4.29% 3.59

max

* statistical significance for alfa = 0.05
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between the largest and smallest means and variances
for the different areas. The means were compared
using a t statistic for two independent groups of
unknown variances. The variances were compared
using the F, _statistic. The carapace ranges considered
were first 25 to 40 mm. This range was rejected
because both means and variances were significantly
different at the 0.05 level. Next, the range was reduced
to include individuals with carapace length within 25
to 35 mm. This range was accepted for neither means
or variances showed significant differences at the 0.05
level. The results of the statistical analysis of the dif-
ferent groups are presented in Table 3.

The next step consisted in verifying the assump-
tions for CVA: a) normal distribution within each

group and b) homogeneity of variances among the
groups. Only individuals belonging to the carapace
range selected previously were included. The proce-
dure PROC UNIVARITE, (SAS Inc., 1988) was used
to test normality. This package performs a Shapiro-
Wilk statistic for the null hypothesis that the input data
have a random normal distribution (SAS Inc., 1988).
The homogeneity of variances among groups was test-
ed using a F, statistic. The procedure PROC SUM-
MARY (SAS Inc., 1988) was used to calculate the
variances and simple SAS programming allowed the
calculation of the test statistics. For these tests, 0=0.01
was used. Significant deviations from normality and
variables for which homogeneity of variance was
rejected are identified in Table 4.

TABLE 4. — Result of variable checking for different criteria of inclusion in CVA. The criteria used were normal distribution for
populations of all the areas, homogeneity of variance among areas and missing values for no more than 5% of the individuals.

All groups  Homog. Few miss. KEEP All groups ~ Homog. Few miss. KEEP

Variable Normal Variances Values FOR Variable Normal Variances Values FOR

a=0.01 a=0.01 <5% CVA a=0.01 a=0.0. <5% CVA
CLS - + + - ASH1 + + + +
CTL - + + - ASH2 - + + -
CPL - + + - ASH3 + + + +
CLL - + - - ASH4 - + + -
CRL - - + - ASHS5 - - + -
CwW - - + - ASH6 - + + -
CH - + + - ASP2L - + + -
ANTSL - + + - ASP3L - + + -
ANTSR - + + - ASP4L + + + +
TALI1D + + + + ASP5L + + + +
TALI1P + + - - ASP6L - + + -
TALI1C - + + - ASR2P - + + -
TALIM - + + - ASR3P - + + -
TALI1IB - + + - ASR4P + + + +
TAL1X - - + - ASRS5P - + + -
TARID + + + + ASR6P - - + -
TARI1P + + + + EXLL + + + +
TARIC - + + - EXLH + + + +
TARIM + + + + ENLL + + + +
TARI1IB - + + - ENLH + + + +
TAR1X - + + - TL - + + -
TAL2D - + - - TH + + + +
TAL2P - + - - EXRL - + + -
TAL2C + + - - EXRH + + + +
TAL2M - + - - ENRL + + + +
TAL2I - + - - ENRH + + + +
TAL2B - - + - RLS - + - -
TAL2X - + + - RRS - + - -
TAR2D + + - - RBS - + - -
TAR2P - + - - CGLS - - + -
TAR2C + + - - CGRS - + + -
TAR2M - + - - CRSL1 - + + -
TAR2I - + - - CRSL2 - + + -
TAR2B - - + - CRSL3 - + + -
TAR2X - + + - CRSL4 - - + -
ASL1 - + + - CRSR1 - + + -
ASL2 + + + + CRSR2 - + + -
ASL3 + + + + CRSR3 - + + -
ASL4 + + + + CRSR4 - - + -
ASLS5 + + + + QRSL1 - + + -
ASL6 + + + + QRSL2 + + + +
ASW1 + + + + QRSL3 - + + -
ASW2 - + + - LCRS1 - + + -
ASW3 + + + + LCRS2 - + + -
ASW4 + + + + QRSRI1 - + + -
ASWS5 + + + + QRSR2 - + + -
ASW6 + + + + QRSR3 - + + -
RCRSI - + + -
RCRS2 - + + -
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For many of the variables used in this work there
were measurements missing in some individuals due
to broken parts of the exoskeleton. This was most
common for measurements on claws, pereiopods
and pleopods. Since CVA requires no missing values
for all the variables included in the analysis, the use
of all the variables selected would result in a consid-
erable decrease in sample size. To avoid this, anoth-
er selection of variables was made, eliminating from
the analysis the ones that presented a large number of
missing values. An arbitrary criteria was used, and
only variables with measurements for at least 95% of
the individuals were kept. The variables meeting this
criteria are identified in Table 4.

A total of 28 variables met all the criteria dis-
cussed, namely, normal distribution within each
group, homogeneity of variance among groups, no
missing values for at least 95% of the individuals
within the carapace range chosen.

For spine counts, most variables were rejected
due to deviations from normality. These variables
tend to have a uniform distribution, with the same
number of spines for most of the individuals and
only a few with a different number. Of all the vari-
ables within this system, only one, QRSL2, the
count for the second row of spines on the left chela,
met all the criteria for variable admission. This is a
variable of little interest because of the large vari-
ability in size and shape of this appendage, that is
frequently regenerated. Due to this, all variables on
spine counts were ignored, leaving only 27 vari-
ables on body measurements for CVA (Table 4).

The canonical variate analysis was done using
the routine PROC CANDISC, part of the statistical

analysis package SAS (SAS Inc., 1985). Distance
between populations was evaluated using the
Mahalanobis distance (Manly, 1986).

RESULTS

Table 5 shows the results of the CVA for the
first five variates. The canonical correlations for
the first three variates are significant at the 0.05
level, with the first two showing highly signifi-
cant values (Prob>F below 0.0001). Figure 1 was
obtained considering the individual scores based
on standardised canonical coefficients for the first
two variates. To allow the distinction of different
populations, separate graphs for each one were
done, using the same scale. No two populations
are distributed over the same area, but there is
some degree of overlap for any two groups that
may be considered.

Because the original variables are strongly cor-
related, the canonical structure of the variates,
expressed by the standardised canonical coeffi-
cients, was not used to explain the importance of
each one of the original variables (Braak, 1995).

To complement the information provided by the
CVA, a quantification of multivariate differences
between populations was done using Mahalanobis
distances. The results are shown in Table 6. This
global approach can be complemented by the
analysis of Figure 2, showing the position of each
population represented by the average value for the
individual scores relative to the first two canonical
variates.

TABLE 5. — Abridged table with results of the canonical variate analysis, presenting the values for the first 5

canonical variates. Included in the table are the canonical correlation values, the statistics relative to the

eigenvalues representing the ratio of the between-class to within-class variation and the probability values

for the F test H : the canonical correlation in the current row and all that follow is zero (modified from the
output of PROC CANDISC, SAS Institute Inc., 1985).

Canonical Canonical Eingenvalue Difference Proportion of ~ Cumulative Prob>F
variates correlation between the sum of proportion
succesive  the eigenvalues
eigenvalues
1 0.7843 1.5981 0.5403 0.4850 0.4850 0.0001
2 0.7170 1.0578 0.7271 0.3210 0.8060 0.0001
3 0.4985 0.3307 0.0951 0.1004 0.9064 0.0340
4 0.4367 0.2356 0.1628 0.0715 0.9779 0.4288
5 0.2605 0.0728 0.0221 1.0000 0.9665
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F1G. 1. — Plots of the individual scores for the first two canonical variables resulting from CVA. n, number of individuals

TABLE 6. — Mahalanobis distances (D?), calculated by PROC CANDISC (SAS institute, Inc., 1985)

Area

Area Code P C L T A G
Atlantic-Portugal (Algarve) P 0 8.79 11.93 8.69 10.82 6.85
Catalan Sea C 8.79 0 3.54 4.51 4.87 7.18
Ligurian Sea L 11.93 3.54 0 1.84 6.76 11.46
Tyrrhenian Sea T 8.69 4.51 1.84 0 8.53 12.79
Adriatic-Sea A 10.82 4.87 6.76 8.53 0 5.94
Euboikos Gulf- Greece G 6.85 7.18 11.46 21.79 5.94 0
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FIG. 2. — Mean values for the 1* and 2™ canonical variables, for
each one of the populations studied.

DISCUSSION

The statistical technique used in this work aims
at finding morphometric differences that could be
interpreted in terms of the geographical distribution
of the studied populations and the results of the
genetic studies done on the same populations. If
both studies define a similar association of groups
then a genetic basis could be proposed for the
observed morphometric differences and these tech-
niques which are, much easier and cheaper to apply
could provide the basis for population identifica-
tion, requiring the consideration of such informa-
tion for stock identification and fisheries manage-
ment purposes. Morphometric differences found in
the absence of genetic ones, indicate environmen-
tally induced differences, that can also be used to
define groups and to interpret the influence of envi-
ronmental variables on the morphology of this
species. Such an approach has been used for other
decapods in the Mediterranean and Atlantic, such
as the identification of populations of Aristeus
antennatus (Sarda et al., 1998) and Maja species
(Newman, 1996).

Multivariate statistics was used as a tool to
understand global population differences indicated
by morphometric relationships. Canonical variate
analysis has provided such information in other
studies for marine species where parallel use of
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genetics and morphometric studies led to the con-
clusion that CVA on morphometric data was equiv-
alent to genetic analysis for group identification
(Corti et al., 1988). This was not always the case;
in one study on bivalves, enzymatic differences
between two populations did not correspond to the
groups identified with CVA (Machado and Costa,
1994).

The canonical variates found in this study show
significant differences for the populations studied.
The first two canonical variates, of similar discrim-
inating power, account for 81% of the variability
and are associated with highly significant canonical
correlation coefficients (p-value of the F test below
0.0001 for both variates). Despite this result no pair
of populations show complete separation. All pop-
ulations overlap to a smaller or higher degree with
all the others. Still, the graphical representation of
the variate scores, shows a tendency for the points
of each population to aggregate at different areas of
the graph, indicating differences among the differ-
ent groups.

The three populations in the West and Central
Mediterranean, Catalan Sea, Ligurian Sea and
Tyrrhenian Sea showed the highest levels of simi-
larity. The population from the Atlantic showed
higher distances overall, followed by the population
from the Euboikos Gulf, representing the Eastern
extreme of the geographical range. Despite these
differences, no association can be made between
distance indices and geographical distances. As an
example, the population of the Atlantic (P) is closest
to the one from the Euboikos Gulf (G) in terms of
Mabhalanobis distance (Table 6) and mean canonical
values (Figure 2), but these two populations are at
opposite extremes in terms of geographical position.

The lack of association between distance indices
and geographical distance, was also found when the
genetic variability of these same populations was
analysed (Maltagliati et al., 1998). As in this work,
the differences are small and not in agreement with
changes along a gradient. Despite this, it is inter-
esting to verify that the distribution in clusters
found by Maltagliati et al., is similar to the separa-
tion due to the second canonical variable, found in
this work. Two distinct groups are found; one with
the populations of the Adriatic, Euboikos and
Catalan Sea (positive mean values for the scores of
the second component) and another group with the
populations from the Tyrrhenian Sea, Ligurian Sea
and Atlantic (negative mean values for the same
score).



In conclusion, the observed differences may
have one of two causes. They may be the result of
local isolation of these populations, expressing
some small degree of genetic differentiation, or
they may just be the result of environmentally
induced differences. The existence of a pelagic lar-
val phase, close to the surface, makes the case of
genetic isolation difficult to accept without further
proof. The environmental causes are the ones most
likely to determine the observed morphometric dif-
ferences.

Nephrops norvegicus is a species considered not
to have significant migrations in juvenile and adult
stages. Only during the pelagic larval phases could
genes be transferred from one population to the oth-
ers. It is assumed that in the absence of information
on larval recruitment mechanisms for this species
in this particular region, all hypotheses for explain-
ing population differences based on geographical
isolation are speculative.
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