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Abstract

M orphological variation was examined in Neomysis integer and Mesopodopsis slabberi, two abundant, low 
dispersal mysid species (Crustacea, M ysida) along the European coasts. Both species dom inate the hy- 
perbenthic communities in the northeast A tlantic, and M . slabberi is also widely distributed in the M edi
terranean and Black Sea. Three populations o f these species were sampled th roughout their distribution 
range; samples o f N. integer were collected in the northeast A tlantic Eem s-Dollard, G ironde and G ua
dalquivir estuaries; in the case of M . slabberi, mysids were sampled in two northeast A tlantic estuaries 
(Eem s-Dollard and G uadalquivir) and one M editerranean site (Ebro Delta). A to ta l o f 12 m orphom etric 
and 2 meristic characters were m easured from  30-64 mysids per sample. M ultivariate analysis showed clear 
m orphom etric differences between populations o f both  species. The m orphological differentiation within 
M . slabberi was highly concordant w ith the available genetic da ta  from  m itochondrial loci, pointing to  a 
large divergence between the A tlantic and M editerranean populations. However, due to  some overlap of 
individuals between the different populations, the present m orphom etric analysis does no t suffice to  assign 
the different populations to a separate (sub)species status. In  the case o f N. integer, the m orphom etric 
patterns showed a divergence o f the G ironde population. Differentiation o f populations w ithin this mysid, 
as in M . slabberi, were m ainly related to  eye and telson m orphology. Potential interactions o f the mysid 
m orphology and environm ental conditions are discussed.

Introduction

M ultivariate analysis o f a set o f m orphom etric 
and meristic characters has been widely used in 
stock identification o f freshwater and m arine 
fish species (M am uris et al., 1998; Cadrin, 2000; 
M urta, 2000; Pakkasm aa & Piironen, 2001; Cabral 
et al., 2003), and to  a lesser extent in marine 
invertebrates (e.g., Henderson et al., 1990; Kassahn 
et al., 2003). This m ethod  is also regarded as 
m ore appropria te  th an  the use o f  single m o r
phological characters for investigating taxonom ic 
problem s in determ ining relationships between

populations or closely related (cryptic) species 
(e.g., Scapini et al., 1999; C lark  et al., 2001; 
D e G rave & D iaz, 2001; D ebuse et al., 2001; 
D oadrio  et al., 2002; Lee & F rost, 2002). M ore
over, m orphom etric analyses can also be a too l in 
assessing habitat-specific differentiation o f p o p u 
lations, such as differentiation related  to  p reda
tion  pressures, salinity, tem perature, food 
availability, etc. (e.g., Gee, 1988; Scapini et al., 
1999; M altagliati et al., 2003). Differences in 
m orphom etric and  m eristic characters am ong 
populations o f a species are though t to  be the 
result o f genetic differences or environm ental
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factors, or their interactions (Lindsey, 1988; 
Scheiner & Callahan, 1993; Hoffman & Merilä, 
1999). Strong genetic differentiation of populations, 
accompanied with reproductive isolation, can lead 
to local adaptation. On the other hand, changing 
environm ental conditions can produce pheno
typic plasticity in genetically sim ilar populations 
(Thom pson, 1991). Hence, the com parison o f  the 
degree o f  varia tion  in m olecular m arkers w ith 
th a t o f m orphological characters m ay be im portan t 
in assessing the degree o f phenotypic plasticity 
shown by a species (O ’Reilly & H orn , 2004).

Neomysis integer and Mesopodopsis slabberi 
are two o f the m ost com m on mysid species in 
European coastal (M . slabberi) and brackish 
(M . slabberi and N. integer) habitats, where they 
are believed to play a key role (Mees et al., 1995b; 
Azeiteiro et al., 1999; Hostens & Mees, 1999). 
Both species are euryhaline and eurythermie, and 
have a wide distribution: N. integer occurs along 
the N E  A tlantic from  the Baltic Sea to  the N orth  
African coasts o f M orocco (Tattersall & Tattersall, 
1951) and M . slabberi is d istributed from  the 
western Baltic, the N E  A tlantic, up to  the entire 
M editerranean, M arm ara , Black and  Azov Seas 
(30-59° N , 10° W -l°  E) (W ittm ann, 1992). This 
wide d istribu tion  o f bo th  species spanning differ
ent biogeographical regions (Subarctic, Celtic, 
Lusitanian & M editerranean  region, cfr Adey & 
Steneck, 2001) w ith varying environm ental con
ditions, combined with the limited dispersal capa
cities o f these mysids (brooding behavior and lack 
o f free-living larvae), m ay be expected to  produce 
differences in both  molecular and morphological 
traits among populations (Planes, 1998; O ’Reilly & 
H orn, 2004).

The taxonom y of the genus Mesopodopsis, and 
in particular o f the species M . slabberi has been a 
m atter o f controversy, m ainly due to  the limited 
phylogenetic resolution o f the m orphological 
characters used to  describe and diagnose different 
species w ithin this genus. Based on a study by 
W ittm ann (1992) on the m orphogeographic vari
ations w ithin the genus Mesopodopsis, the cos
m opolitan M . slabberi was split into four species: 
M . slabberi (N E Atlantic, M editerranean, Black 
Sea), M . aegyptia (M editerranean), M . tropicalis 
(equatorial W .Africa) and M . wooldridgei (South 
Africa). M orphological differences between Atlantic,

M editerranean and  Black Sea populations o f 
M . slabberi were reported  by W ittm ann  (1992). 
H owever, the observed varia tion  was small and 
statistically overlapping, w ithout any consistent 
p a tte rn  related to  environm ent or geography. It 
m ust be noted th a t this study did no t use a 
m ultivariate statistical analysis o f m orphom etric 
characters to  elucidate varia tion  between p o p u 
lations. On the o ther hand, m orphological vari
a tion  w ithin N. integer is considered to  be small 
(T attersall & Tattersall, 1951; Parker & W est,
1979), bu t has no t been studied in detail. A 
num ber o f ‘form s’ or varieties w ithin the species 
N. integer were introduced by Czerniavsky (1882), 
but since these varietal divisions were based on 
trivial differences, they have been largely ignored in 
subsequent descriptions (Tattersall & Tattersall, 
1951). However, given the slight taxonom ic differ
ences observed between populations of the N orth  
American congeneric N. americana (Williams et al., 
1974), m orphom etric variation between populations 
of N. integer may be expected.

Studies on genetic variation between popula
tions o f N. integer and M . slabberi, based on sev
eral m itochondrial loci, have shown significant 
heterogeneity within bo th  species (Remerie et al. 
subm itted a, b). Analysis o f A tlantic and M edi
terranean populations o f M . slabberi showed a 
clear differentiation between both  basins, w ith very 
high genetic distances, probably pointing to  the 
existence o f different cryptic species. Phylogeo- 
graphic analyses o f N. integer identified a large 
genetic break at the southern distribution range 
( = divergent Guadalquivir population) and showed 
a genetic isolation o f the populations south o f the 
English Channel, including the Irish population. In 
this respect, a m orphom etric analysis within both 
species could lead to a better understanding o f the 
intraspecific evolutionary and systematic diversity 
and its biological significance.

The aims o f this study were to  (i) examine the 
pattern  and the extent o f m orphom etric variation 
in populations o f the mysids N. integer and 
M . slabberi, and (ii) com pare these results w ith the 
available genetic data. F o r this purpose, three 
population  samples o f each species, covering, at 
least for N. integer, m ost o f its geographical dis
tribution  range, were examined m orphologically 
and analysed using m ultivariate m ethods.



241

Materials and methods

Sampling

Samples o f Neomysis integer were collected in 
three N E Atlantic estuaries covering m ost o f the 
species’ distribution range. Mesopodopsis slabberi 
was collected in two N E A tlantic and one M edi
terranean estuary (see Fig. 1). M ost samples were 
collected w ith a hyperbenthic sledge, w ith excep
tion o f the sample of the Ebro delta, which was 
collected w ith a hand net (mesh size 1 mm). All 
sampling was done during the summer m onths 
between 1991 and 2001. The samples were either 
fixed and preserved in 7% form aldehyde, diluted 
with am bient water, (all N. integer samples and 
M . slabberi from  the Eem s-D ollard estuary) or in 
70% ethanol, diluted w ith distilled w ater (only M . 
slabberi samples from  the G uadalquivir and Ebro 
estuaries). In  the case o f M . slabberi, the different 
fixation and preservation liquids used could result 
in different levels of m aterial shrinkage, producing 
a bias in the different m easurem ents com pared 
between populations. However, due to  the lack of 
sufficient m aterial preserved in different liquids 
from  a single M . slabberi population, the shrinkage

Figure 1. Sam pling locations (N  =  Neomysis integer. 
M  =  M esopodopsis slabberi). sam pling site abbreviations: 
E D  =  Eems- D ollard , G I =  G ironde. G U  =  G uadalquivir. 
EB =  E bro.

effects caused by the different liquids could not be 
taken into account in the statistical analysis.

Measurements and statistical analyses

From  each sample a random  num ber o f about 50 
adults, and m ostly gravid, females were examined 
m orphologically. A to tal o f 12 m etric and 2 
meristic characters were m easured (Fig. 2). The 
metric m easurem ents were related to  the shape of 
the telson, antennale scale, eyes and uropods. The 
meristic counts included the num ber o f spines on 
the lateral m argin of the telson (only for M . slabberi) 
and on the inner m argin of the uropod endopodite. 
S tandard  length was m easured from  w hole an i
mals under a b inocular m icroscope. O ther ch ar
acters were m easured from  slide m ounts o f the 
appendages under a m icroscope and recorded with 
a digitizer.

All statistical analyses were perform ed using 
the STA TISTICA  6.0 software package (STAT
SO FT 2001). The m ost conspicuous outliers were 
excluded when suspecting m easurem ent error, and 
missing data were case-wise deleted in the statis
tical analyses. To minimize size effects in all 
analyses, the continuous variables were divided by 
standard length followed by an arc-sin transfor
m ation. U nivariate analysis o f variance (A N O VA) 
was perform ed, in case o f hom ogeneity o f the 
variances, to  test w hether the different populations 
showed significant differences in m orphom etric 
m easurem ents and meristic characters. In  cases 
where hom ogeneity o f variances was violated, 
even after transform ations o f the raw  data , a 
non-param etric test was used (K ruskall-W allis 
and M ann-W hitney). The data set (only metric 
m easurem ents with exclusion o f the standard 
length) was subjected to a backw ard stepwise 
discrim inant function analysis (D FA ). D F A  finds 
linear combinations o f variables (roots), that m axi
mize differences am ong a priori defined groups (in 
this case populations). The resultant discriminant 
functions were used to  classify individuals into 
samples. The classification success ra te  (cross- 
validation  test) was evaluated based on the p er
centage o f individuals correctly classified in the 
original sample. A lternatively, a principal com 
ponents analysis (PCA) was perform ed and in 
order to  elim inate the size effect, the first principal



Figure 2. M orphom etric  m easurem ents: 1 : S tan d ard  length (SL); 2 , 3 , 4 & 5 : Telson o f  N eom ysis integer (2 & 4) an d  M esopodopsis 
slabberi (3 & 5), A  =  telson length (TELL), B =  distal telson w idth (TELD W ), C =  caudal telson w idth (TELC W ), D  =  caudal 
telson length (TELC L); 6 & 7 : A ntennale  scale o f  N eom ysis integer (6 ) an d  M esopodopsis slabberi (7), A  =  length o f  antennale  scale 
(A N TL), B =  w idth o f  antennale  scale (A N TW ); 8 & 9 : U ropode o f  Neom ysis integer (8) an d  M esopodopsis slabberi (9), C =  exo- 
podite  length (EX O L), D  =  endopodite length (EN D O L ); 10 & 11: Eye o f  Neom ysis integer (10) an d  M esopodopsis slabberi (11), 
A  =  cornea length (C O R N EA ). B =  length o f  eyestalk (EY ESTL). C =  w idth o f  eyestalk (EYESTW ).

com ponent (P C I) was elim inated. Subsequently 
the o ther PC scores (PC2-n) were subjected to  a 
canonical varíate analysis (see Väinölä et al., 2002). 
However, since a similar pattern  was obtained as 
with the D FA , the results o f the PCA-m ethod are 
not presented.

Results

Neomysis integer

The m ean standard  length o f Neomysis integer 
across all populations am ounted to  10.29 m m  (SD
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1.61). A significant difference in standard  length 
was observed between the three populations 
(K ruskal-W allis test: H  (2, n = 168) = 8.55; 
p  =  0.0139), w ith the mysids o f the Eem s-Dollard 
population having the largest length (mean = 
10.60 mm; SD 1.33) and those o f the G uadalquivir 
being the smallest (mean = 10.03 mm; SD 2.19) 
(see Table 1).

All m orphom etric characters could be used in 
the discrim inant analysis since no m ulticollinearity 
was registered between the variables (for all co r
relations: R  < 0.7). The backw ard stepwise D FA , 
using geographical origin o f each population as 
separator factor, revealed th a t four o f the 12 
m orphom etric characters contributed significantly 
to the m ultivariate discrim ination between the 
three N. integer populations (Table 2). W ilks’ 
lam bda am ounted to  0.1304 and was highly sig
nificant (appox. F s>278 =  61.48 9; p  < 0.001). The 
m orphom etric characters showed a low degree of 
overlap (maximal 57.22% in case o f the eyestalk 
w idth (EYESTW ), see Table 2). Squared M ah- 
alonobis distances (D 2) between populations (i.e., 
a distance m easure between the group centroids) 
are listed in Table 3. All distances were significant 
{p < 0.001) and the largest distance was observed 
between the Eem s-D ollard (ED) and G ironde (GI)

populations, while the distance between the Eems- 
D ollard and G uadalquivir (G U ) populations 
seemed to  be smaller. A scatterplot o f the indi
vidual canonical scores is presented in Figure 3. 
The relative im portance o f R oo t 1 in distinguish
ing the three populations was up to  3 times higher 
than  R oot 2 (Eigenvalue o f R oo t 1 = 2.8666, 
Eigenvalue o f R oot 2 = 0.9836), and the first 
discrim inant function accounted for 74.5% o f the 
explained variance. A clear separation o f the 
G ironde population could be observed along R oot 
1. In  contrast, R oo t 2 separated the Eem s-D ollard 
(ED) and G uadalquivir (G U ) populations, 
although some overlap existed between bo th  popu
lations. The segregation along R oot 1 was mainly 
caused by differences in the variables eyestalk 
w idth (EYESTW ) and cornea length (CO RN EA ) 
(G ironde < Eem s-D ollard & G uadalquivir m y
sids), as evidenced by the high correlation o f these 
m orphom etric characters and the canonical R oot 
(Table 4). The differences along R oot 2 were al
m ost exclusively related to  the variable caudal 
telson length (TELCL) (G uadalquivir < G ir
onde < Eem s-D ollard mysids). The cross-valida
tion test using the discrim inant functions derived 
from  the m orphom etric characters showed tha t 
overall 87.34% o f the a priori grouped cases were

Table 1. M ean  an d  stan d ard  dev iation  (in parenthesis) o f  the  different m etric an d  m eristic characters

Neomysis integer M esopodopsis slabberi

O V E R A L L E D  (n =  50) G I (n =  54) G U  (n =  64) O V E R A L L E D  (n =  50) G U  (n =  52) EB (n =  30)

STD L 10.29 (1.61) 10.60 (1.33) 10.30 (0.82) 10.03 (2.19) 8.45 (0.94) 8.49 (0.85) 8.87 (0.89) 7.64 (0.63)

EY ESTW 0.46 (0.07) 0.53 (0.05) 0.39 (0.02) 0.46 (0.05) 0.31 (0.03) 0.33 (0.3) 0.28 (0.03) 0.30 (0.02)

C O R N E A 0.26 (0.05) 0.31 (0.05) 0.21 (0.02) 0.26 (0.03) 0.21 (0.03) 0.23 (0.03) 0.21 (0.03) 0.19 (0.02)

EY ESTL 0.43 (0.06) 0.48 (0.06) 0.41 (0.04) 0.42 (0.05) 0.72 (0.06) 0.73 (0.05) 0.74 (0.06) 0.68 (0.04)

TEL L 1.64 (0.23) 1.74 (0.21) 1.66 (0.12) 1.53 (0.29) 0.78 (0.14) 0.88 (0.08) 0.81 (0.08) 0.58 (0.05)

T EL D W 0.75 (0.08) 0.78 (0.08) 0.74 (0.05) 0.73 (0.10) 0.54 (0.06) 0.56 (0.04) 0.57 (0.05) 0.46 (0.04)

T EL C W 0.10 (0.02) 0.10 (0.02) 0.10 (0.03) 0.9 (0.02) 0.37 (0.04) 0.39 (0.03) 0.38 (0.03) 0.32 (0.02)

T EL C L 0.15 (0.04) 0.18 (0.04) 0.16 (0.03) 0.11 (0.02) 0.24 (0.05) 0.27 (0.03) 0.24 (0.03) 0.18 (0.02)
A N T W 0.30 (0.04) 0.33 (0.03) 0.29 (0.02) 0.28 (0.05) 0.20 (0.02) 0.20 (0.01) 0.21 (0.01) 0.16 (0.02)

A N T L 2.73 (0.39) 3.02 (0.34) 2.66 (0.20) 2.51 (0.38) 1.25 (0.17) 1.29 (0.10) 1.29 (0.21) 1.23 (0.09)
EX O L 2.18 (0.33) 2.39 (0.25) 2.17 (0.17) 2.02 (0.39) 1.69 (0.20) 1.75 (0.12) 1.80 (0.16) 1.45 (0.12)

E N D O L 1.52 (0.20) 1.64 (0.15) 1.51 (0.14) 1.43 (0.22) 1.12 (0.11) 1.17 (0.07) 1.16 (0.08) 0.96 (0.06)

#S P E N D O 28.55 (4.07) 28.36 (4.82) 28.93 (5.05) 28.38 (1.89) 20.97 (1.24) 20.66 (1.68) 21.65 (0.48) 20.40 (0.56)
#SPTE L - - - - 6.56 (0.81) 6.96 (0.20) 7.00 (0.34) 5.57 (1.07)

M etric values are in  mm. F o r  the sam pling site an d  m etric m easurem ent abbreviations see F igures 1 an d  2. M eristic character 
abbreviations: #S P E N D O  =  num ber o f  spines on the inner m arg in  o f  the u ro p o d  endopodite, #SPT E L  =  num ber o f  spines on the 
lateral m arg in  o f  the telson.
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Table 2. Sum m ary o f  the discrim inant function  analysis on the m orphom etric  characters o f N eom ysis integer

W ilks' L am bda P artia l L am bda F-rem ove (2.139) p-level Toler. 1-Toler. (R2)

EY ESTW 0.2190 0.5951 47.2443 <0.0001 0.4278 0.5722

C O R N E A 0.1496 0.8715 10.2433 <0.0001 0.7302 0.2698

T EL D W 0.1837 0.7095 28.4490 <0.0001 0.4599 0.5401
T EL C L 0.2691 0.4845 739.581 <0.0001 0.9495 0.0505

Table 3. Squared M ahalanobis D istances between the Neomysis 
integer populations

E D G I G U

E D - *** ***

G I 14.3579 - ***

G U 6.0109 14.0135 -

correctly classified, w ith the w ithin-group correct 
classifications ranging from  78.18 (G U ) to  96.23% 
(GI) (see Table 5).

Analyses o f the meristic characters (spines on 
the inner m argin o f the uropod endopodite) re
vealed no significant différences between the three 
populations (K ruskal-W allis test: H  (2, n =  163) 
= 5.0697 p  = 0.0793). In  addition, a to tal o f 12 
aberrant telsons were recorded (ED = 5, G I = 3, 
G U  = 4); the m orphology of these telsons were 
similar to those described in Mees et al. (1995a).

Root 1 vs. Root 2
6

5

ED
4

3

2

° O
I  1 

0
□ □

■2

-3
GU

-4
3 -2 0 2 3■5 -4 4

Root I

Figure 3. Scatterp lo t o f  the D F A  scores along the first and  
second ro o t for the m orphom etric  characters in  Neom ysis 
integer. F o r sam pling site abbreviations see Figure 1.

M esopodopsis slabberi

M ean standard  length of Mesopodopsis slabberi 
across all populations am ounted to  8.45 m m  (SD 
0.94). A significant différence in standard  length 
was observed between the three populations 
(ANOVA: is ,  193 =  23.91; p  < 0.001), w ith the 
mysids o f the M editerranean Ebro population 
having the lowest standard length (mean = 7.64 mm; 
SD 0.63) (see Table 1).

Again, no m ulticollinearity was registered be
tween the variables and consequently all m or
phom etric characters could be used in the 
discrim inant analysis. The backw ard stepwise 
D F A  revealed that only 3 out o f the 12 m orpho
metric characters contributed significantly to  the 
m ultivariate discrim ination between the 3 
M . slabberi populations (Table 6). The largest M aha
lanobis (D2) distances were observed between the 
M editerranean Ebro population and both Atlantic 
populations (Table 7). The A tlantic-M editerranean 
divergence between populations o f  M . slabberi 
was supported  independent o f the liquid used for 
fixation and preservation (7%  form alin  or 70% 
ethanol). H ence, possible differences in the level 
o f m aterial shrinkage between b o th  liquids are 
though t to  have a m inim al effect on the general 
patterns observed in M . slabberi. The canonical 
analysis showed th a t m ost o f the observed vari
ance between the populations (83% ) was observed

Table 4. S tructure m atrix  o f  discrim inant loadings fo r each o f  
m orphom etric  variable o f  N eom ysis integer selected by the 
backw ard  stepwise discrim inant function  analysis (D FA )

R o o t 1 R o o t 2

EY ESTW -0.6785 0.1669

C O R N E A -0.6112 0.1503

T EL D W -0.1200 -0.0583

TEL C L 0.2151 0.9306
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Table 5. R esults o f  the discrim inant analysis classification on Table 7. Squared  M ahalanobis D istances betw een populations
the N eom ysis integer specimens, show ing the num bers an d  o f Mesopodopsis slabberi
percentage o f  specimens classified in  each group (Rows: ob- ---------------------------------------------------------------------------------------------
served classifications. Colum ns: p redicted  classifications) E D  G U  EB

% C orrect E D G I G U

E D 88 44 0 6
G I 96.23 0 51 2

G U 78.18 8 4 43

T O TA L 87.34 52 55 51

along R oot 1 (Eigenvalue = 3.44 vs. Eigenvalue 
R oo t 2 = 0.70), w ith a clear distinction between 
the Ebro (EB) and Eem s-D ollard (ED) popu la
tions (Fig. 4). The differentiation along R oot 1 
m ainly correlated w ith the variables telson len
gth (TELL) and caudal telson length (TELCL) 
(ED > G U  > EB mysids), while the differences 
along R oot 2 were related to  the variable eye
stalk w idth  (EYESTW ) (ED > EB > G U  m ys
ids) (Table 8). The m orphom etric discrim inant 
analysis correctly classified, on average, 83.85% 
of the individuals (Table 9). The highest classifi
cation success ra te  was obtained for the Ebro 
mysids w ith 93.33% , while a lower am ount of 
individuals (74% ) were correctly classified in case 
o f the G uadalquiv ir mysids.

Analysis o f the meristic characters showed a 
significant difference in the num ber o f spines on 
the inner m argin o f the uropod endopodite 
(#SPEN D O ) and on the lateral m argin o f the tel
son (#SPTEL) between the different populations 
(K ruskal-W allis test for #SPEN D O : H  (2, 
n = 128) = 36.013 p  < 0.001; #SPTEL: H  (2, 
n = 132) = 75.82 p  < 0.001). Mysids o f the 
M editerranean Ebro populations had, on average, 
less spines on the lateral m argin o f the telson, 
while those o f the G uadalquivir population pos
sessed, on average, m ore spines on the inner 
m argin o f the uropod endopodite (Table 1). C on
trary  to  N. integer, no aberrant telsons were 
observed in the samples o f M . slabberi.

g  J)  _  * * *

G U  5.1972

EB 21.0172 13.5901

Root I vs. Root 2
7

6

5

4

8 2 
CC

1
EB

0

■2

•3
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Figure 4. S catterp lo t o f  the D F A  scores along the first and 
second ro o t for the m orphom etric  characters in  M esopodopsis 
slabberi. F o r sam pling site abbreviations see F igure 1.

Discussion

The m ultivariate analyses o f m orphom etric char
acters revealed a significant differentiation between 
populations o f bo th  Neomysis integer and M eso
podopsis slabberi th roughout their distribution 
range. Very often, such differences are to  a large 
extent related to sexual dim orphism , allometric 
grow th and /o r different cohort size (Thorpe, 1976; 
M am uris et al., 1998; D e G rave & Diaz, 2001). In 
order to  minimize the variances caused by these 
param eters, the present study used only adult, 
(mostly gravid) female specimens from  the summer 
generation. In  addition, all m easurem ents were 
size-standardized and transform ed prior to  statis-

Table 6. Sum m ary o f  the discrim inant function  analysis on the m orphom etric  characters o f M esopodopsis slabberi 

n — 114 W ilk s 'L a m b d a  P artia l L am bda F-rem ove (2,139) p-level Toler. 1-toler. (i?2 )

E Y ESTW  0.2458
T E L D W  0.2310

T E L C L  0.1629

0.5370
0.5713

0.8102

46.9902
40.9025

12.7675

<0.0001 0.8585 0.1415
<0.0001 0.7854 0.2146

<0.0001 0.9068 0.0932
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Table 8. S tructure m atrix  o f  discrim inant loadings for each o f 
m orphom etric  variable o f  Mesopodopsis slabberi selected by the 
backw ard  stepwise d iscrim inant function  analysis (D FA )

R o o t 1 R o o t 2

EY ESTW -0.0733 -0.9403

T EL D W 0.8057 -0 .2767

T EL C L 0.6674 -0 .3742

Table 9. R esults o f  the discrim inant analysis classification, 
show ing the num bers an d  percentage o f  specimens o f  M eso
podopsis slabberi classified in  each group (Rows: observed 
classifications, Colum ns: p redicted  classifications)

% C orrect E D G U EB

E D 88 44 6 0
G U 74 10 37 3

EB 93.33 0 2 28

T O TA L 83.85 54 45 31

tical analysis. The m ethod used here to  correct the 
m easurem ents for size proved to  be effective, since 
all correlation coefficients which were close to  1 
decreased to  lower values after da ta  transform a
tion. M oreover, the second m ethod used to  elim
inate the size effect gave similar results (i.e. 
perform ing a PCA  and subsequently perform ing a 
canonical varíate analysis on the individual PC 
scores (PC2-12) w ith elim ination o f the first 
principal com ponent, see M aterials and methods).

Both species showed significant latitudinal 
differences in standard length. In  the case of 
N. integer, the mysids of the southern G uadalquivir 
population had, on average, a shorter length. For 
M . slabberi, the M editerranean mysids were 
smaller th an  those o f the A tlantic  populations. 
C onsiderable variations in life history  character
istics (e.g. length, grow th rate, num ber o f  cohorts, 
b rood  size) o f  m ysid species a t different latitudes, 
including N. integer and M . slabberi, have been 
reported  (Pezzack & Corey, 1979; M auchline, 
1980; Sorbe, 1984; M organ, 1985; G reenw ood 
et al., 1989; San Vicente & Sorbe, 1995; D elgado 
et al., 1997). W ater tem perature, light cycle and 
food conditions seem to be the principal environ
m ental factors influencing the growth and 
reproductive cycle o f crustaceans (Pezzack & C or
ey, 1979; W inkler & Greve, 2002). In  general, there

is a tendency towards an extended reproductive 
season with decreasing latitude in shallow-water 
mysid species (Delgado et al., 1997). In the case of 
M . slabberi, the Atlantic reproductive cycle with 
three generations (spring, summer and winter 
generation) shifts to a m ore or less continuous 
breeding throughout the whole year in M editer
ranean populations (Delgado et al., 1997; Azeiteiro 
et al., 1999; Uppabullung, 1999). Hence, the pres
ent results corroborate the general observations of 
lower cohort-size in populations with an extended 
breeding season.

Phenotypic variation in populations o f  Neomysis 
integer and  M esopodopsis slabberi

Extensive variation in m orphom etric characters 
was apparent between all three populations of 
N. integer and M . slabberi. This was not only 
supported by the D F A  scores along the first two 
roots, but also by the significant, large M ahalanobis 
distances between the populations o f both  mysids 
(see Tables 3 & 7) and the high percentage o f cor
rectly re-classified specimens in the original groups 
(populations) (see Tables 5 & 9). For N. integer, the 
variables o f prim ary im portance in separating the 
populations along R oot 1 were related to  eye m or
phology: eyestalk w idth (EYESTW ) and cornea 
length (CORNEA). While the m orphom etric vari
able related to  the caudal telson morphology, caudal 
telson length (TELCL), had the largest discrimina
tory power along R oot 2.

In  the case o f M . slabberi, the D F A  showed 
tha t again the m orphom etric variables related to 
telson (TELL: telson length, TELCL: caudal tel
son length) and eye m orphology (EYESTW : eye
stalk width) were the m ost im portan t variables 
in differentiating the populations. C ontrary  to 
N. integer, a significant difference in meristic char
acters was observed between the Atlantic and M ed
iterranean populations. According to M auchline 
(1980) the num ber o f spines in the m argins o f 
telsons and  bo th  endopod and exopod o f the 
u ropods is correlated  to  the overall body size o f 
several m ysid species. H ow ever, in the present 
study the size effect on spine num bers between 
populations is though t to  be m inim al since we 
tried  to  uniform  our samples by selecting only 
adult (gravid) females o f  the sum m er generation.
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The assum ption th a t m eristic characters are 
independent o f  m ysid size was fu rther confirm ed 
by the absence of correlations between the meristic 
characters and standard length or uropod endopo- 
dite/telson length.

Causes o f  the phenotypic variation

The causes o f m orphological differences between 
populations are often quite difficult to explain. In 
general, changes in m orphology are under the 
control o f environm ental conditions or genetic 
background, or (m ost often) a com bination of 
both. However, separating the effects o f environ
m ental induction from  those under genetic control 
can be one o f the m ost intricate problem s in the 
analysis of geographic variation (Thorpe, 1976). 
Genetic différences and reproductive isolation be
tween populations can lead to  local adaptation, 
which is reflected in m orphology, behaviour, 
physiology and/or life history traits (Taylor, 1991). 
The alternative possibility is tha t m orphological 
variation m ay result from  phenotypic plasticity in 
response to  varying environm ental conditions (e.g. 
tem perature, salinity, food availability, flow re
gime, predator/prey interactions, etc.) w ithin dif
ferent geographical areas (Scheiner & Callahan, 
1993).

Extensive genetic surveys o f different m i
tochondrial loci revealed a significant différentia
tion of populations o f bo th  N. integer and 
M . slabberi (Remerie et al. submitted a, b). Although 
not yet supported with nuclear genetic markers, a 
large phylogeographic break was observed be
tween A tlantic  and  M editerranean  populations of 
M . slabberi, indicating the possible existence of 
different cryptic species. On the o ther hand, the 
observed genetic distances between populations 
th roughou t the whole d istribu tion  range of 
N. integer were smaller. Still, an isolation o f the 
G ironde popu la tion  and  a w ell-supported break 
at the southern  d istribu tion  range (i.e. o f the 
Guadalquivir population) could be observed. Con
cordance between the molecular data and the pres
ent m orphom etric analyses could be observed for 
M . slabberi, where the largest molecular and m or
phom etric distances were found  between the 
M editerranean  and A tlantic populations. Hence, 
the com bination of the genetic différentiation (with 
possible reproductive isolation) and the adapta

tions to  environm ental conditions m ay have 
played a role in the A tlan tic-M ed iterranean  sep
ara tion  and  the m orphological variability (mainly 
related to  telson m orphology) between bo th  re
gions. In  contrast, the patterns o f genetic différ
entia tion  w ithin N. integer do no t correspond fully 
w ith the present m orphom etric results. Largest 
squared M ahalanobis distances were observed for 
the G ironde populations (Table 3), while the 
largest genetic divergence was found for the 
G uadalquiv ir and no t the G ironde popu lation  
(Rem erie et al. subm itted a). However, it m ust be 
no ted  th a t the patterns o f genetic differentiation 
w ithin N. integer were only based on a single 
m itochondrial m arker and  hence need fu rther 
validation  o f  o ther (unlinked) m olecular m arkers 
in order to  fully correlate them  w ith the present 
m orphom etric results.

One o f the m orphom etric characters o f prim ary 
im portance in separating the populations, both 
in N. integer and M . slabberi, was related to the 
eye m orphology. It is no t unlikely th a t this 
m orphological character can vary in association 
w ith environm ental conditions. Mysids have 
well-developed com pound eyes, and are know n to 
use vision in various situations, e.g. schooling 
behaviour and choice o f specific habitats, diurnal 
m igrations, feeding and predator avoidance 
behaviour (Fulton, 1982; N ilsson & M odlin, 1994; 
L indström , 2000; Lindén et al., 2003). A study on 
the eye function o f mysids has shown th a t there 
m ay be functional intraspecific differences in the 
visual systems o f mysids living in different photic 
environm ents (Lindström , 2000). A nother study 
has shown differences in p redator avoidance 
behaviour o f mysids, and m ore specifically in the 
way o f predator detection (chemical or visual sig
nals) related to habita t characteristics (light vs. 
darker w ater) (Lindén et al., 2003). Hence, it is not 
unlikely th a t the higher turbidity  o f the water in 
the G ironde estuary (Castel, 1993) could lead to  a 
slightly reduced developm ent o f the eye in the case 
o f N. integer (e.g. narrow  eyestalks and reduced 
cornea size). However, at this m om ent this 
hypothesis rem ains very speculative and additional 
m orphological analyses, as well as breeding 
experiments under different environm ental condi
tions could be useful to further elucidate these 
patterns and to disentangle the functional 
relationships.
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Implications fo r  species status and general 
conclusions

The final question which arises is whether the 
m orphologically differentiated populations of 
N. integer and M . slabberi deserve a separate 
subspecies or species status. A lthough the discri
m inant analysis showed tha t the classification rate 
o f individuals to  correct populations was high 
(87.34% and 83.85% in case o f N. integer and 
M . slabberi, respectively), there is still some over
lap o f individual mysids. Thus, no individual m y
sid can be assigned unam biguously to  a particular 
geographical area (‘population’) on the basis of 
these linear m easurem ents alone. In  addition, the 
observed variation in meristic characters (e.g., num 
ber o f spines on the lateral m argin o f the telson of 
M . slabberi), which generally is though t be a v ar
iable w ith m ore operational taxonom ic utility 
th an  m orphom etric m easurem ents (Spotte, 1997; 
De G rave & D iaz, 2001), did overlap between the 
populations despite the significant differences de
tected between their averages.

Intraspecific geographical variation within 
other mysids has been observed, such as variation 
in the num bers o f spines on the lateral m argins of 
the telson between populations o f Praunus f le x 
uosus and P. neglectus (M auchline, 1971), geo
graphical differences in the proportions o f the 
antennal scale o f N. americana (Williams et al., 
1974), and differences in the num bers o f omma- 
tidia in A tlantic and M editerranean populations of 
Eucopia hanseni (Casanova, 1977). However, these 
variations are considered to  be o f a m inor nature 
and could be consistent w ith the norm al patterns 
o f variation expected w ithin species (M auchline,
1980). In  his review o f the genus Mesopodopsis, 
W ittm ann (1992) also reported  (minor) m orpho
logical differences between Atlantic, M editerra
nean and Black Sea populations o f M . slabberi. 
However, the residual differences were found to  be 
small and statistically overlapping and hence 
W ittm ann (1992) noted tha t a réin troduction of 
the Czerniavsky’s (1882) species (goesi and cornuta) 
and varieties (major and minor) was not appropriate.

In  conclusion we can state th a t despite the 
limited num ber o f populations analysed within 
both  species and the selection o f only adult female 
specimens which lowers the value o f the present 
analyses in term s of general conclusions for both

species, clear m orphom etric differences were ob
served between populations o f N. integer and 
M . slabberi. These results corroborate the expec
tations for a species inhabiting a wide geographic 
range and possessing limited dispersal capacities. 
However, the present m orphom etric analysis in 
itself does no t allow us to  conclude th a t the present 
species status o f bo th  mysids is in need o f a revi
sion. Hence, the observed m orphological variation 
can be rather interpreted as geographical varia
tion. On the other hand, the strong concordance of 
the m orphom etric results w ith the m itochondrial 
D N A  data  in the case o f the A tlan tic-M editerra
nean separation o f M . slabberi probably indicates 
tha t these populations are approaching the sub
species stage in the evolutionary continuum  of 
spéciation. This aspect definitely deserves m ore 
attention. Consequently, future research should 
focus on a larger num ber o f populations and 
m orphological characters, preferably using geo
metric m orphom etric techniques since these ‘new’ 
m orphom etric techniques are regarded as m ore 
powerful in analysing the external m orphology 
and shape differences am ong organisms (R ohlf & 
M arcus, 1993; O ’Reilly & H orn, 2004).
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