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Population variability in the beetle Timarcha maritima (Coleop-
tera, Chrysomelidae) *

Frédéric THOMAS™, Thierry DE MEEUS

Centre d’ Etude sur le Polymorphisme des Micro-Organismes; CEPM/UMR CNRS-IRD 9926, Equipe: “Evolution des
Systémes Symbiotiques”s IRDs 911 Avenue Agropoliss B. P. 5045, 34032 Montpellier Cedex 1, France

Abstract We investigated variability between populations of the beetle Timarcha maritima over its geographic range by
comparing several variables (size of individuals, fecundity, parasite load, sex ratio, pattern of pairing) in 10 populations
along the French Atlantic coast. Populations exhibited significant differences for all variables considered. Our findings also
indicate a major influence of the protozoan parasite Gregarina munieri on T . maritima ecology. Beetles paired assorta-
tively according to the parasitic load, a pattern of pairing detected 3 years ago in a highly parasitized population. Size as-
sortative pairing was never significant, even in parasite-free populations. The level of infection by gregarines was also a
strong predictor of mean fecundity of females at the inter-population level. Conversely, the role of the external parasite
Pseudamansia chrysomelinus ( Acari: Canestriniidae) was weak whatever the population considered. This study under-
lines the need to consider parasites when studying population ecology [ Acta Zoologica Sinica 52 (3): 491 —497, 2006].
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An important aspect of recent theoretical and ex- animal species indeed exhibit over their entire geo-
perimental studies on population ecology and adaptive graphic range a metapopulation structure, occupying
processes is the recognition that these phenomena habitats that are fragmented and heterogeneous in
have to be examined in a metapopulational context space and/or through time ( Foster and Endler,

(e. g.» Hanski, 2002). The majority of plant and 1999). The combination of local interactions and dis-
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persal at various scales leads to a range of important
implications for the ecology and evolution of popula-
tions. When habitat boundaries are distinct and gene
flow between populations is effectively absent, popu-
lations can theoretically respond rapidly to local differ-
ences in selective regime (Endler, 1977, 1986). For
numerous species, evidence is now accumulating
about the way in which life history traits and be-
haviour indeed vary among natural populations in re-
sponse to selective pressures exerted by the local envi-
ronment Ce. g., Lafferty, 1993; Bell and Foster,
1994; Berthold, 1993, 1999; Hewit and Butlin,
1997; Foster and Endler, 1999: Verrell, 1999, Bor-
ries et al., 2001; Guégan et al., 2001; Hamilton
and Poulin, 2001; Johnson, 2001; Thomas et al.
2001). Such studies provide interesting means of
identifying the selective pressures experienced by pop-
ulations and hence, possible causes of adaptive differ-
entiation in wild populations.

Timarcha maritima (Chrysomelidae) is a black
beetle living on the French Atlantic coast ( Chevin,
1992; Jolivets 1997), is confined to dunes and is
wingless. Therefore, the numerous natural and artifi-
cial interruptions occurring along the Atlantic dunes
isolate several populations, between which gene flow
is limited or absent. In a previous study, Thomas et
al. (1999) investigated the biology of T .maritima
in a population severely parasitized by the protozoan
gut parasite Gregarina munieri,» Schneider 1876
(Sporozoa ). Hosts become infected by ingesting
spores that later develop into trophozoites, a feeding
stage that attaches to the intestine for a period of sev-
eral days to weeks (Zuk, 1987a). Gregarines alter
host nutrition because they act as a physiological bar-
rier between the midgut cells and digested food (Har-
ry> 19705 Zuk,1987a, 1987b). In this population of
T . maritima, fecundity in females and mobility in
males were strongly reduced by parasitic load
(Thomas et al.» 1999). In addition, there was an
assortative pairing with respect to parasite load (i.e.
males and females were matched for parasite load),
resulting presumably from parasitized females being
less attractive and parasitized males less competitive
(Thomas et al. » 1999). Although arthropods are fre-
quently matched for size (see Crespi 1989 for a re-
view), this pattern of pairing was not observed in this
population.

The aim of the present study was to assess the
natural variability of T'.maritima populations over
its geographic range. We compared several variables
(size of individuals, fecundity, parasitic load> sex ra-
tio» pattern of pairing) from T.maritima collected
in 10 locations along the French Atlantic coast. In
addition, to provide global data on T . maritima biol-
ogys the second aim of this study was to explore the

ecological relevance of gregarines on the biology of
this beetles addressing the following questions (i) is
the original pattern of assortative pairing for parasitic
load previously found constant over time? (ii) Are
paired individuals from populations free of parasites
matched for size? (iii) To what extent do gregarines
influence fecundity variation between populations?
We also analysed the effect of these parameters on an
external mite ( Pseudamansia chrysomelina (Koch);
Santiago-Blay and Fain 1994) to check if the trends
observed in the internal gregarines could be gener-
alised to any beetle associate> and for the possible in-
teraction between these two species.

1 Material and methods

All beetles (7 =1 692) were collected during
April 1999 along the dunes of the French Atlantic
coast (see Fig.1). In each sites we searched a wide
section of dune for beetles in pairs and unpaired indi-
viduals. Because all sites were visited within only two
weeks, we did not expect significant temporal effect.
Similarly, because paired beetles usually stay from
several hours to several days together; there is no rea-
son to expect a role for time of the sampling period.
All insects were preserved in alcohol (70% ). In the
laboratorys individuals were sexeds measured (e-
lytron length) and dissected to estimate their gre-
garine load. Because the number of gregarine tropho-
zoites per individual could be high, we estimated par-
asite load using the same procedure as Thomas et al.
(1999): entire gut contents were placed in a Petri
dish with alcohol (70% ) and manually stirred for 15
s during which the distribution of trophozoites became
homogeneous in the Petri dish. By placing a grid (5
mm X 5 mm) under the Petri dishs we estimated par-
asite load as the mean number of trophozoites per
square Cestimated from five squares under a dissecting
microscope 400 X ) and then multiplied by the total
number of squares. The measurement error in tropho-
zoites estimates based on single squares is negligible
with this procedure (see Thomas et al., 1999).
However, statistical analyses were made using the
raw data (i.e., counts made on these five squares).
Fecundity was estimated by counting the number of
yolky eggs contained in the abdomen of females. Mite
load was determined by counting the number of indi-
viduals under elytra. We verified that insects did not
loose some of their ectoparasites by examining the
tubes.

All statistical tests were performed with the sta-
tistical software S-Plus 2000 Professional release 3.
Analysis of variance was used for Gaussian data and
Generalised Linear Modelling (GLiM) for Poisson or
binomial data. Because dispersion of data may not fit
to theoretical distributions, we used the quasi-likeli-
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Fig.1 Localities of the different populations sampled

1: Quiberon: 2: Bretignole: 3: Gachere; 4: Aubraie; 5: Terriere; 6: Oleron; 7: Vieux Boucaus; 8: Hossegor: 9: Capbreton; 10:
Boucau. Numbers respectively indicate the number of pairss of unpaired males and of unpaired females collected.

hood method with the appropriate link and variance

functions as advised by the S-PLUS 2000 Guide to

Statistics» Volume 1. For each regression, the mini-

mal model was obtained with the “step” function

(both backward and forward) that uses the AIC

(Akaike Information Criterion) statistics of the model

as a criterion (the lower the better) to keep or remove

a term from the model. The significance of the terms

remaining in the minimal model were then tested with

a I test CANOVA)D. The different terms were Size

(the size of individual beetles), Site (from 1 to 10),

Sex (the sex of the beetle)s Gregarines (the abun-

dance of gregarines in individual beetles), Acarians

(the abundance of acarians on individual beetles), Fe-

cundity (the number of eggs found in female beetles)

and Paired (the paired or unpaired status, a Boolean
term that was set True for paired individuals).

The different initial models were the following,
with indication of the family model used (: for inter-
action):

Size ~ Site + Sex + Constant, Gaussian;

Gregarines ~ Site + Sex + Size + Sex: Size + Con-
stant> Quasi (link= Log, variance=mu);

Acarians~ Site + Sex + Size + Gregarines + Sex: Gre-
garine + Sex: Size + Constant, Quasi (link =
Log, variance=mu);

Fecundity ~ Site + Size + Gregarines + Acarians +
Size: Gregarines + Size: Acarians + Constant,
Quasi (link=Log, variance=mu);

Paired~ Site + Size + Fecundity + Gregarines + Acari-
ans + Size: Fecundity + Size: Gregarines + Size:
Acarians + Fecundity: Gregarines + Fecundity:

Acarians + Constants Quasi [ link = logit, vari-

ance=mu/ (1—mu)].

To test for possible assortative pairing between
male and female T'.maritima for body size or para-
site load> and to remove confounding factors, we re-
trieved the residuals for paired male and female bee-
tles from the relevant multiple regressions, which
were:

Size ~ Site + Constant, Gaussian;

Gregarines ~ Site + Constants Quasi (link = Log
variance = mu);

Acarians~ Site + Size + Gregarines + Constant, Quasi

(link= Log, variance=mu);

For the correlation tests we used the Spearman corre-
lation coefficient Rho.

For parasite abundances, the dispersion of data
was measured with the aggregative coefficient 3
which corresponds to the variance to mean ratio of
parasite abundance across hosts (number of parasite
individuals per host). This parameter is expected to
be equal to 1 for a Poisson (random) distribution and
above for an aggregated distribution. Mean crowding
was computed according to the formula given in Re-

iczigel (2005):

ji=1
where i; is the number of parasites in host j and 7 is
the total number of hosts examined.
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Fig.2 Mean body size £ SD of males (A) and females (B) of T. maritima in the different populations sampled
1: Quiberon; 2: Bretignole; 3: Gachere; 4: Aubraie; 5: Terriere: 6: Oleron: 7: Vieux Boucau: 8: Hossegor: 9: Capbreton; 10:
Boucau. Dark bars: paired individuals, white bars: unpaired individuals.

2 Results

Variation in body size was largely (79% ) ex-
plained by differences among sites and between gen-
ders of T.maritima individuals. The mean ( £ stan-
dard error) body size of females (8.42 +0.02) was
much larger than that of males (6.95 +0.01) and
this was heterogeneous across sites (Fig.2). Both
factors were highly significant ( P <0.0001). Gre-
garine abundance was highly aggregated (3= 87.5)
and its variation was partially explained (38%) by
site and beetle’ s sex. Males were more heavily infect-
ed by gregarines (513.6 £ 18.91) than females
(377.5+22.19), but most of the signal came from
site differences (Fig.3). In both cases, tests were
highly significant ( P<<(0.0001). The interaction be-
tween Sex and Size remained in the minimal model
but was not significant ( P =0.08), which is proba-
bly fortuitous because size did not explain anything
when males and females were analyzed separately.
Acarians were strongly aggregated (=9). For gre-
garines the mean crowding was 1 239 and for acarians

it reached 15. The GLiM (R?>=10.67) could not be
simplified because of interactive terms that weakly
explain the dispersion of data but were significant ( P
=0.013 for Sex: Size and P =0.047 for Sex: Gre-
garines). We therefore analyzed males and females
separately. For females; 74% of the variance in mite
load was explained almost exclusively by site ( P <
0.0001) and to a much lower extent (less than 1% )
by T.maritima size with which acarian load in-
creased (P =0.002). In male beetles, only Site was
as important ( P<0.0001) as gregarine load, which
remained in the minimal model (R>=0.53), did not
appear significant ( P = 0.113) and thus seemed
marginally relevant if any. Correlation tests between
residuals from Gregarine ~ Site + Sex + Size + Sex:
Size and Acarians ~ Site + Sex + Size + Sex: Size
showed no correlation between parasite and mite load
(Rho=0.04, P=0.12). The most important factor
explaining T . maritima fecundity was the site (par-
tial R?=0.43, P<0.0001, Fig.4), but gregarine

load had a negative effect on fecundity (partial R =
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Fig.3 Mean parasitic load = SD of males (A) and females (B) of T. maritima in the different populations sampled
1: Quiberon; 2: Bretignole; 3: Gachere; 4: Aubraie; 5: Terriere; 6: Oleron; 7: Vieux Boucau; 8: Hossegor; 9: Capbreton; 10: Bou-

cau. Dark bars: paired individuals, white bars: unpaired individuals.

0.04, P<0.0001, Fig.5) and beetle size a positive
effect (partial R?=0.02, P<0.0001). The effect
of gregarine abundance was more pronounced in the
smallest T'. maritima, which explains why the in-
teraction term Size: Gregarines remained in the mini-
mal model (partial R2<0.01, P=0.0151). Final-
ly, pairing probability was poorly predictable from
the minimal model ( R?>=0.06), but was heteroge-
neous across sites ( P =0.0034), increased with fe-
cundity (P =0.0002) and decreased with gregarine
abundance (P =0.0003).

We found no correlation between female and
male body size (Rho=0.05, P =0.24), a positive
correlation between their gregarine loads (i.e., as-
sortative pairing by parasitic loads Rho=0.2, P <
0.0001) and no correlation between their acarian
loads (Rho~0, P=0.927).

Sex ratio differed among populations ( Fig.6,
Fisher exact test on Table r x k» P<0.0001). Only
the insular population (6) has more females than
males; elsewhere, males were always more abundant

than females but with wide variation (e.g., popula-
tion 3 versus population 8.

3 Discussion

Despite occupying similar habitats at each of the
10 sites, significant differences of fecundity, adult
body size, levels of parasitism, sex ratio and pairing
pattern exist between populations of T.maritima.
Whether these phenotypic variations are due to under-
lying genetic differences or from other phenomena Ce.
g.» phenotypic plasticity) cannot be determined from
this data set. Whatever the origin (s) of these differ-
ences, they are likely to interfere with the function-
ing of populations.

Parasitism by the acarian P . chrysomelinus has
little effect on T'. maritima fecundity. However, the
protozoan parasite G .munieri is an important factor
affecting the biology of T'. maritima. The parasite is
widespread (9 of 10 populations were infested) and
has a major effect on the reproductive biology of its
host. As in Thomas et al. (1999), we found that
paired individuals were matched for parasitic load.
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Fig.4 Mean number of eggst SD produced by females of T'. maritima in the different
1: Quiberon; 2: Bretignole; 3: Gachere; 4: Aubraie; 5: Terriere: 6: Oleron; 7: Vieux Boucau: 8: Hossegor: 9: Capbreton; 10:
Boucau. Dark bars: paired individuals, white bars: unpaired individuals.
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Fig.5 Relationship between the mean number of eggs
produced and the mean parasitic load of females in the dif-
ferent populations sampled

This finding was the strongest in the most heavily in-
fected population (4). These resultss obtained 3
years after the first study, suggest that the original
pair formation process that the parasite induces is sta-
ble in this beetle. Why males were more heavily in-
fected than females is unclear but is in accordance
with several studies suggesting a male-biased suscepti-
bility to infection Ce.g., Poulin 1996). Similarly,
that heavily infected individuals are more likely to be
unpaired than less infected ones is in accordance with
the idea that parasites can affect mate choice processes
and/or competitiveness ( Hamilton and Zuk, 1982;
Howard and Minchella, 1990). Finally, another ma-
jor effect of G.munieri concerns its effect on female
fecundity. Level of infection by gregarines can be
considered as a significant determinant of the mean
fecundity of females at the population level. There-
fore, parasites are an important part of population e-
cology and should be included in studies wherever

Sex ratio(females 3/males )

691045 052 093 069 0.73 152054 0.13 05 0.14
501
404
301

201

Number of indivduals

1 2 3 4 35 6 7 8 9 10
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Fig.6  Sex ratio in the different populations sampled

1: Quiberon; 2: Bretignole; 3: Gachere; 4: Aubraie; S5: Ter-
riere; 6: Oleron: 7: Vieux Boucaus; 8: Hossegor: 9: Capbreton;
10: Boucau. Dark bars: paired individuals, white bars: unpaired
individuals.

possible.

Conversely to what is frequently observed in
arthropods (see Crespi 1989 for review), there was
no size assortative pairing in this beetle, even in para-
site-free populations. In fact, it could be argued that
given the weak link between size and fecundity in fe-
males, males preferring large females obtain no fitness
benefits (at least in term of number of offspring). In
such a context> we do not expect a preference for
large females to evolve. Further studies would be nec-
essary to understand which variable (s), in addition
to parasites and female size, influence female fecundi-
ty.

The present work suggests that T.maritima
displays a substantial phenotypic variability over its
geographic range and that a significant part of this
variability seems to be explained by the variation in
infection level G .munieri. This work also suggests
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that general conclusions about species ecology (includ-
ing their interactions with parasites) must be consid-
ered with caution when derived from local and/or
short term field studies. Consideration of the spatial
structure as well as the heterogeneity of environmen-
tal conditions is highly desirable.
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