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European lobsters (Homarus gammarus) were sampled from nine sites around the UK coast to determine
whether populations could be differentiated on the basis of morphometric variability, and to relate this to
depth and indices of population size at each site. Discriminant analysis indicated that exoskeleton damage
was the only characteristic that could distinguish males between sites. In contrast, females were distin-
guished between sites on the basis of variation in exoskeleton damage, claw spines and rostrum teeth,
which tended to be positively correlated to indices of population density. This study suggests that female
morphology may respond more strongly than male morphology to local selection pressures, albeit in a

limited capacity.

INTRODUCTION

Differences in morphometric traits among populations
of species typically stem from a combination of genetic
variation and differing environmental conditions
(Pianka, 1988; Hoffman & Merild, 1999). If morpho-
logical variation within populations is heritable, popula-
tions may diverge due to responses to local selection
pressures (Schluter, 2000). Divergence may be constrained
by high gene flow (Arnason et al., 1992), opposing selec-
tion pressures (Schluter et al., 1992), and the degree to
which heritability is expressed under different environ-
mental conditions (Hoffman and Merild, 1999).

In terrestrial and freshwater species there is strong
evidence for local adaptation being the predominant
mechanism of population divergence (e.g. Schluter et al.,
1992; Adams et al., 1998). In marine species, there are
numerous cases of divergence for which local selection
pressures are proposed as the predominant mechanism
(reviewed by Hilbish, 1996), despite there being few
barriers to gene flow (Ward et al., 1994). Local adaptation
may be mediated by competition within populations.
Clawed lobsters (Homarus spp.) are aggressive and highly
competitive (Atema & Voigt, 1995; Debuse et al., 1999).
Morphological characteristics, such as claws and elon-
gated rostra, may be used as weapons during aggressive
encounters, and other traits, such as claw spines and
rostrum teeth, may function as protective armour (Hyatt,
1983; Sneddon et al., 1997). Thus, if population differentia-
tion is predominantly driven by local conditions, spatially
varying selection pressures due to competition for mates or
resources should explain differences in functionally
important traits.

Homarus spp. have the potential for high gene flow since
the larvae are planktonic, and their distribution is strongly
influenced by factors such as ocean currents and wind
strength and direction (Aiken & Waddy, 1986). Neverthe-
less, there is conflicting evidence for long distance adult
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dispersal and the potential for high gene flow. American
lobsters (Homarus americanus) in offshore areas disperse
extensively (Haakonsen & Anoruo, 1994), whereas
tagging studies of the FEuropean lobster (Homarus
gammarus) in UK waters show that the majority of indivi-
duals remain close to their release location (J.T. Addison,
unpublished data; Smith et al., 1998).

In this paper we aim to determine whether European
lobsters sampled in nine UK locations could be differen-
tiated on the basis of morphometric variability, and
whether patterns of divergence could be predicted by
differences in depth, geographical distance or by an index
of population density.

METHODS

Samples of lobsters were taken from five distinct lobster
fisheries around the south, east and west coasts of England
between July and October in 1997 and 1998 (Figure 1).
Within the Yorkshire (sites 1 and 2), Norfolk (sites 3 and
4) and South Coast fisheries (sites 5 and 6), we took
samples from both inshore waters (within five miles of the
coast), and deeper offshore waters. In Devon, only offshore
lobsters were measured because there were insufficient
numbers of inshore lobsters caught (site 7). In Cornwall,
the majority of lobsters were from inshore areas, so we
sampled individuals caught within five miles of the main-
land (site 8) and those caught in shallow coastal waters
around the Scilly Isles (site 9). All samples were collected
in September, with the exception of ~ 1/4 of Norfolk and
Yorkshire samples, which were measured in July and
October, respectively.

Tor the study, 339 males and 314 females were measured
(Appendix 1). However, in the case of 81 males and 92
females, the claws and rostrum were damaged, so these
were excluded from the analysis. Twelve and 13 morpho-
logical characters were measured on males and females,
respectively, using metal callipers to an accuracy of
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Figure 1. Locations of sampling sites: (1) Yorkshire inshore;
(2) Yorkshire offshore; (3) Norfolk inshore; (4) Norfolk
offshore; (5) South coast inshore; (6) South coast offshore;
(7) Devon offshore; (8) Cornwall inshore (mainland);

(9) Cornwall inshore (island).

0.Imm (Figure 2). Relative fluctuating asymmetry (FA) of
the rostrum teeth was measured as the difference in the
number of teeth between the left and right sides of the
rostrum divided by the total number of rostrum teeth. FA
is thought to reflect the genetically- and environmentally-
based quality of an individual by indicating its overall
developmental stability (Meller & Swaddle, 1997), and is
measured as small random deviations from bilateral
symmetry in morphological traits. Abdomen width can
be used to indicate maturity in females, so it was measured
on females only. Damage was recorded as the number of
marks or injuries on the exoskeleton, but recent wounds
were discounted because damage can occur in traps or
storage tanks. Differences in exoskeleton damage may
indicate variation in the intensity of competition between
sites, and thus the potential of adaptation to the local
environment. Adult lobsters have few predators (Lawton
& Lavalli, 1995), and so damage will arise predominantly
from within-species interactions.

Measurement error was calculated for claw, rostrum
and abdomen dimensions in a repeatability analysis on
two repeated measures per individual using a sample of
12 individuals. The two sets of measurements were highly
correlated for all traits tested (repeatability: r;=0.98, 0.99;
F119=98.073-2171.900; P<0.0001 for all traits). One
person made all the measurements.

All measurements met the standard assumptions of
normality after log-transformation. For males,
dimensions, claw spines and rostrum length were signifi-
cantly correlated to carapace length, and in females, claw
dimensions, rostrum length and abdomen width were

claw
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Figure 2. Morphometric traits measured: (1) cutter length;
(2) cutter width; (3) cutter depth (measured at the same
point as cutter width); (4) crusher length; (5) crusher width;
(6) crusher depth (measured at the same point as crusher
width); (7) number of cutter spines; (8) number of crusher
spines; (9) rostrum length; (10) number of rostrum teeth;

(11) fluctuating asymmetry of rostrum teeth; (12) exoskeleton
damage; (13) abdomen width (females only).

significantly correlated to carapace length. For these
traits, we reduced the correlation with body size by calcu-
lating the residuals from linear regressions between each
trait and carapace length, and using these as our adjusted
trait values (Reist 1985). Differences in trait means
between the sexes were compared using a MANOVA,
with the power calculated as 1-B, where B is the
probability of accepting a false null hypothesis.

Stepwise discriminant function analysis was used to
compare all morphometric traits for each site to indicate
which traits were most important in distinguishing sites.
The reliability of these functions was determined from the
percentage of individuals that were correctly classified,
which was modified by a ‘jacknife classification’, which
controls for any bias in the allocation method. The
sample size was slightly smaller than in univariate statis-
tics because cases with at least one missing trait were
excluded (males, N=233; females, N=209).

Multivariate distances between pairs of sites was calcu-
lated using Mahalanobis distance D2 which controls for
correlations between traits. Depths of the sampling sites
were estimated using navigational charts and geographical
distances between sites were calculated using ‘Rangebear’
software. For each site, an index of population density
defined as the biomass of lobsters caught per unit of
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fishing effort (CPUE) in kilograms per 100 pots hauled
was calculated. CPUE was used as an index of population
density since sites with high CPUE are likely to have
higher population densities than sites with low CPUE.
However, CPUE between sites may not be linearly corre-
lated with population density due to varying effects on
catchability of different gear types and environmental
influences (Miller, 1990). Furthermore, fishermen vary in
their efficiency, which may bias the results. To reduce this
error, indices were based on averaging CPUE data for one
to three regular, reliable fishermen over the period 1994—
1996, except for site 9, where the data were only available
for 1996-1998.

RESULTS
Morphology

Significant overall differences between mean trait size
for males and females were found after standardizing for
body size (MANOVA: Wilks 7y, 449=0.421, P<0.0001; 1-
B=1.00). Of 10 traits tested, there was significant
sexual dimorphism in claw length, width and depth,
with males having significantly larger cutter and
crusher claws than females (one-way ANOVAs:
F) 449=182.469-556.529, P<0.0001 for all claw dimen-
sions (Bonferroni-corrected 2=0.005); Appendix 1). We
therefore analysed each sex separately for differences
between sites.

Males

No overall difference was found in male morphology
among sites (MANOVA: Wilks yg99,=0.744, P=0.993;
1-B =0.93). The degree of exoskeleton damage was the
only variable that differed significantly among sites
(one-way ANOVA: Fyo5,=6.014; P=0.001 (Bonferroni
corrected «=0.004)). For all traits pooled, only 15% of
total morphometric variance was attributable to differ-
ences among sites. For nine of the 12 traits almost
100% of variation was within sites. However, there was
a large amount of variation between sites in the number
of rostrum teeth (>99.9%), their asymmetry (44.3%)
and degree of exoskeleton damage (98.2%). Variation

between fisheries was almost negligible for all traits
except for relative FA of the rostrum teeth.

Stepwise discriminant function analysis showed that only
exoskeleton damage was informative when differentiating
males between sites. The analysis produced one significant
function, but it was unsuccessful in re-classifying indivi-
duals back to their original groups with only 17.1%
(jacknife: 17.1%) of males correctly assigned to their sites.
Of the misclassifications, 34.9% were assigned to sites
within the same fishery. When all 12 traits were included
in the analysis, it was not possible to discriminate
between sites (33,=65.565; P=0.993).

Females

For all traits pooled, no overall difference in female
morphology was found among sites (MANOVA: Wilks
V8.204=0.563; P=0.257; 1-B=1.00) with variation among
sites constituting only 26.8% of the total. However, we
found significant differences among sites in the number of
cutter spines (one-way ANOVA: Fy,3=4.973; P=0.001
(x=0.004)), crusher spines (one-way ANOVA: Fg 915=
6.484; P=0.001 (¢=0.004)) and rostrum teeth (one-way
ANOVA: Fyq9,=3.414; P=0.001 (¢=0.004)). For these
traits and exoskeleton damage 99.6-99.9% of the total
variance was due to variation among sites.

Discriminant analyses produced four discriminant func-
tions, of which two discriminated significantly between
sites (Function 1: 73,=99.447, P<0.0001; Function 2:
731=32.857, P=0.048). These two functions accounted for
69.7 and 21.6% of the variation, respectively, and indi-
cated that sites were most strongly discriminated by the
number of crusher spines, cutter spines, rostrum teeth
and degree of exoskeleton damage. The largest morpho-
metric differences existed between Yorkshire and Norfolk
fisheries (Table 1), but there was no clear clustering of
inshore and offshore sites (Figure 3). Despite the signifi-
cant discrimination between sites, the functions were
fairly unsuccessful in re-assigning cases to their correct
sites, with only 27.3% (jacknife: 27.3%) of individuals
correctly classified. Furthermore, only 20.6% of misclassi-
fied individuals were assigned to another site within the
same fishery. It was not possible to discriminate between
sites when all female traits were included in the analysis

Table 1. Mahalanobis distances between females from nine sampling sites based on the number of claw spines, rostrum teeth and

degree of exoskeleton damage.

Cornwall
Yorkshire  Yorkshire Norfolk Norfolk  South coast South coast inshore
Site inshore offshore inshore offshore inshore offshore Devon (mainland)
Yorkshire offshore 0.27
Norfolk inshore 2.84%* 3.73%*
Norfolk offshore 1.95% 2.30%* 0.45
South coast inshore 0.80 0.58 1.83* 0.81
South coast offshore 0.92 1.54 0.62 0.31 0.73
Devon 0.59 0.73 1.65% 0.81 0.33 0.47
Cornwall inshore 0.78 1.62 1.53 1.05 1.40 0.31 0.87
(mainland)
Cornwall inshore (island) 0.30 0.78 1.69%* 1.06 0.66 0.34 0.54 0.26

*, significant differences between sites after Bonferroni correction (¢=0.001).
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Figure 3. Distribution of female site means along
discriminant function 1 and 2 axes, where large values of
function 1 indicate large numbers of crusher spines and a
high degree of exoskeleton damage, and large values of
function 2 represent large numbers of rostrum teeth, small
numbers of cutter spines and a high degree of exoskeleton
damage.

(Function 1:  y%,,=113.043,
15, =42.729, P=0.999).

P=0.993; Function 2:

Comparison of morphological, geographical and density variables

Between-site  multivariate  differences in  female
morphology tended to be correlated to differences in
catch per unit effort (CPUE) (Mantel’s test: Z=325.844;
N=8l; P=0.066), although cutter spines and rostrum
teeth were not positively correlated with CPUE when
considered alone (Kendall rank correlation: cutter spines:
7.=1.251; N=9; P=0.211; rostrum teeth: Z=1.043; N=9;
P=0.297). There was no relationship between CPUE and
degree of exoskeleton damage in females (Kendall rank
correlation: Z=1.485; N=9; P=0.138), but females tended
to have more crusher spines at sites with high CPUE
(Kendall rank correlation: Z=1.668; N=9; P=0.095).
Overall female morphological differences between sites
were not related to geographical distance between sites
(Mantel’s test: Z=11897.0; N=81; P=0.294) or differences
in depth (Mantel’s test: Z=624.4; N=81; P=0.632).

Since males were discriminated between sites only on
the basis of exoskeleton damage, we used univariate corre-
lation to compare exoskeleton damage with site depth and
density. There was no positive correlation between exo-
skeleton damage and CPUE (Kendall rank correlation:
7=1.251; N=9; P=0.211), but males tended to sustain
more damage at deeper sites (Kendall rank correlation:
7.=1.668; N=9; P=0.095).

DISCUSSION

Female European lobsters exhibited morphological
variation among sites, but males were less differentiated.
Males were only discriminated among sites by the degree
of exoskeleton damage, whereas females in the nine sites
were discriminated by the number of claw spines,
rostrum teeth and exoskeleton damage. This lack of vari-
ation between sites was surprising given the geographical

Journal of the Marine Biological Association of the United Kingdom (2001)

https://doi.org/10.1017/50025315401004106 Published online by Cambridge University Press

Morphometric variability in European lobster

distances between sites and the lack of evidence for large
scale movements of adult lobsters.

Our results support a study on Homarus americanus, indi-
cating that intraspecific variation is characterized by
differences in claw spines and rostrum teeth (Tshudy &
Parsons, 1998). These traits may be important in aggres-
sive encounters, providing protection against conspecifics
and our study suggested that morphological differences in
females might be associated with differences in population
density, perhaps due to variation in competition intensity.
In sites with high CPUE, females tended to have a greater
number of crusher spines than those from sites with low
CPUL, although there was no difference in the amount of
exoskeleton damage sustained. This supports experimental
observations that crusher claws may have a more import-
ant protective function during aggressive encounters than
cutter claws. Claws may have important roles in competi-
tion (e.g. Sneddon et al., 1997), mate attraction (Claxton
et al., 1994) and foraging efficiency (Elner, 1980).
However, we found no evidence to support selection on
claws related to our index of population density. Popula-
tion density also had no impact on exoskeleton damage in
cither sex, although males in deeper offshore waters
sustained more damage than those sampled from inshore
sites. Variation in exoskeleton damage was a strong trait
that distinguished males and females between the nine
sites, suggesting that there are differences in competitive
intensity between sites.

Intensity of selection should be greater on the sex with
the higher potential reproductive rate (reviewed by
Reynolds, 1996). Male lobsters contribute less time to
offspring production than females and so have a poten-
tially higher rate of reproduction (Debuse et al., 1999).
Thus, selection on male traits should be greater due to
more intense male—male mate competition (Parker &
Simmons, 1996), so we were surprised that female rather
than male morphology exhibited variation among sites.
The lack of male morphometric variation in our results
may be due to greater overall intensity of sexual selection
on males, which has left males with less scope for variation
among sites. The variation in female morphology among
sites suggests that the female’s influence on mating
patterns may be an important contributor to sexual selec-
tion (Ahnesj6 et al., 1993; Berglund et al., 1993). In the
European lobster, female—female competition may be as
frequent as that among males (Debuse et al., 1999).
Females require shelters for protection against conspeci-
fics, particularly following their moult when they are soft-
shelled (Atema & Voigt, 1995). Thus, females may compete
over access to good quality shelters and males, which
provide a greater level of protection. Indeed, few females
are caught in the fishery at moulting time ( J.T. Addison,
unpublished data), suggesting that females rely strongly on
shelters at this time.

Morphometric differences among sites suggest that local
selection may have an influence on female morphology.
The lack of male differentiation may suggest that selection
on males in each site is similar due to variation in local
environmental conditions, which may influence the
degree to which heritable variation is expressed (Hoffman
& Merild, 1999). Another possible explanation is that
phenotypic differences among populations may be
constrained by opposing selection pressures that may be
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driven by trade-offs between survival, growth and repro-
ductive success (Schluter et al., 1992). Alternatively, there
may be greater gene flow than tagging studies of the
European lobster have previously suggested, which may
partially counteract the effects of local selection,
sustaining genetically relatively undifferentiated popu-
lations observed across quite large geographic areas
(Jorstad & Farestveit, 1999). This would also support
findings from studies on H. americanus and Nephrops
norvegicus, in which no significant genetic differentiation
found among ecologically and geographically
separated adult populations (Mantovani & Scali, 1992;
Harding et al., 1997).

Morphometric variation was not correlated with
geographical distance in either sex, suggesting that spatial
differences did not predict phenotypic variation. Since the
strength of differentiation is not greater across areas of
broad ecological differences, this suggests that local adap-
tation or genetic drift, rather than the presence of an
adaptive cline, may be responsible for any observed
morphometric differences between sites.

In conclusion, these results suggest that female
morphology may respond more strongly to selection pres-
sures than male morphology, perhaps in response to com-
petition for access to good quality mates and breeding sites.
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