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SEX DISCRIMINATORY EFFECT
OF THE ACANTHOCEPHALAN ACANTHOCEPHALOIDES PROPINQUUS
ON A GOBIID FISH GOBIUS BUCCHICHII

SASAL P.*, FALIEX E.*, DE BURON L** & MORAND S.*

Summary :

Most studies which aim at detecting effects of parasites on fish
show that intermediate stages of parasites affect their host while
adult parasites are usually less virulent in the final host. We
studied the effect of the acanthocephalan Acanthocephaloides
propinquus on one of ifs final hosts, the fish Gobius bucchichii.
This study showed that the adult parasites affect host fitness.
Moreover, our results showed that at the same level of infection in
male and female gobiids, the female’s reproductive success was
negatively correlated to parasite abundance while the male’s
reproductive success was not. The negative effects on females
includes reductions in gonado-somatic index and egg production.
We hypothesized that it might be more difficult for females to
compensate the cost of parasitism because of the very high cost of
egg production. We discussed these results in terms of host
population regulation.

KEY WORDS : impact, parasite, acanthocephalan, fish, reproduction, energy
allocation.

INTRODUCTION

ffects of parasites on host fitness have been

widely studied over the last twenty years and it

now seems undeniable that parasites can affect
both the biology and ecology of hosts (e.g. growth,
fecundity, condition, survival) (see Esch & Fernandez,
1993; Combes, 1995). From most studies, it appears that
the larval stages of macroparasites are potentially more
pathogenic than the adult stages (Holmes, 1983). Even
if parasites seem to be important in host population
regulation (Anderson & May, 1979; May & Anderson,
1979), there is often little evidence of direct mortality
induced by parasites (Szalai et al., 1992), presumably
because of more efficient predation on sick and weak
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Résumé : EFFET DIFFERENTIEL DE L’ACANTHOCEPHALE
ACANTHOCEPHALOIDES PROPINQUUS EN FONCTION DU SEXE DU GOBIE
GOBIUS BUCCHICHII

la plupart des études qui visent & mettre en évidence un effet des
parasites sur les poissons hdtes monirent que les stades
intermédiaires du parasite seront plus virulents que les parasites
adultes dans I'héte définitif. Nous avons étudié I'effet de
I'acanthocéphale, Acanthocephaloides propinquus sur I'un de ses
hétes définitifs, le poisson Gobius bucchichii. Cette étude révele
que le parasite adulte agit sur la valeur adaptative de son héte
définitif. De plus, nos résultats montrent que malgré des charges
parasitaires comparables, le succes reproducteur des femelles était
négativement corrélé a la charge parasitaire alors qu'il n'en éfait
rien pour les males. Cet effet négatif du parasitisme affecte aussi
bien le rapport gonado somatique que la production d'oeufs.
Nous émettons ['hypothése qu'il est plus difficile de compenser un
effet du parasitisme pour les femelles que pour les méles, du fait
du codt énergétique élevé de la production des oeufs. Nous
discutons les possibles répercussions dans la régulation de la

. population héte.

MOTS CLES : impact, parasite, acanthocéphale, poisson, reproduction,
allocation d'énergie.

hosts, which are therefore less frequently sampled
(Lester, 1984). Most studies on fish deal with the
effects of intermediate stages of parasites on their
hosts (Pennycuick, 1971; Kennedy, 1984; Lemly &
Esch, 1984; Szalai et al., 1992; Faliex & Morand, 1994;
Thomas et al., 1995) or with ectoparasites (Adlard &
Lester, 1994). Examples showing a direct or indirect
regulating effect of macroparasite on their hosts in the
field remain rare (Lemly & Esch, 1984; Adlard & Lester,
1994; Bronseth & Folstad, 1997; Pampoulie et al.,
1999). Only some experimental work on a direct life
cycle parasite has revealed a possible indirect effect of
the parasite on host reproductive success (Kennedy ef
al., 1987; Heins et al., 2000).

The influence of the acanthocephalan Acanthocepha-
loides propinquus on several biological parameters of
fitness (biological condition, fecundity) of one of its
definitive hosts, Gobius bucchichii (Teleostei, Gobiidae),
is investigated in the light of the prediction that adult
parasites can also affect their hosts. The objective of
this study is to detect if there is a destabilizing effect
of the parasite on fish reproductive success.
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MATERIALS AND METHODS

ween April 1995 and February 1996 in and

around the National Park of Port-Cros (Southern
France, 42° 27'N; 03° 09'E). A total of 245 fishes were
collected at a maximum depth of 5 m, using a hand
net. Total body length (TL), standard body length
(StdL), total weight (Wt) and somatic weight (all diges-
tive tract and gonads removed) (Ws) were measured
to the nearest millimeter and milligram. Gonads and
liver were dissected and weighted to the nearest mil-
ligram (Wg and Wh, respectively). A condition factor
was calculated as K = (Ws x 100)/StdL?, with Ws in
grams and StdL in centimeters (Bolger & Connoly,
1989). Values of the exponent (a) were determined
from the simple regression between logarithmic values
of standard lengths and somatic weights for each sex.
Because the effect on a host population could be
more important and more easily detected during repro-
duction (Mgller, 1993) and when food resources are
restricted (de Lope et al., 1993), males and females
were separated. Sexually mature and immature fish also
were separated. Males and females were analyzed
separately and size classes corresponding to age classes
were determined according to Sasal et al. (1996). Per-
centage of females (population female ratio) was cal-
culated for each sampling date and each size class.
Gonadosomatic indices (GSI) were calculated as GSI
= (Wg/Ws) x 100 and hepatosomatic indices (HSID) as
HSI = (Wh/Ws) x 100 (with Wg, Wh and Ws in grams).
The age of first maturity has been determined pre-
viously to occur at the end of the first year of life in
the Black Sea (Gordina, 1973). However, as body sizes
of G. bucchichii in the Mediterranean Sea are on ave-
rage larger than in the Black Sea, the size of first matu-
rity was determined by comparing gonad weights for
each sex during and around the reproductive period
(from April to September, according to Gordina
(1973)). This resulted in the determination of sexual
maturity in the Mediterranean at 40 mm (StdL) for
males and 55 mm (StdL) for females. Males and females
of all size classes before maturity and after maturity
were then compared. Female fecundity was calculated
by counting the total number of eggs in the ovaries
of a significant proportion of the mature females col-
lected at the same period.

Eour samples of G. bucchichii were obtained bet-

Acanthocephalans were removed from the intestine of
the fish, placed in distilled water to induce eversion
of the proboscis and then preserved in 70 % ethanol.
Prevalence (percentage of infected hosts), mean inten-
sity (mean number of parasite per infected host), and
mean abundance (total number of parasites divided
by the total number of hosts, infected and unin-
fected) were estimated for each size class and each

sex according to Margolis et al. (1982) and Bush et
al. (1997).

All data were log transformed (log+1 for number of
parasites because of null values). Regressions were per-
formed on residuals when necessary, i.e. when indi-
rect relationship could occur. Results were considered
significant at the 5 % level and values are given as the
mean = SD. Sample size may be different depending
on biological indices because of missing data.

RESULTS

HOST POPULATION STRUCTURE

ales were significantly larger than females
i \ / I (StdL (mm) = 62 + 17; range 34-97; n = 102

and StdL (mm) = 54 + 15; range 26 - 86; n =
143, respectively; Mann-Whitney, Z = 3.7; p < 0.001).
The exponent of the weight-length relationship was
2.92 for females and 2.96 for males and allowed the
calculation of the condition factor for each fish. The
population sex ratio was on the whole not far from
being balanced (58 % female). When the size classes
were considered, the sex ratio was biased in favour
of females for the smaller size classes (fish < 85 mm)
and biased in favour of males for the classes of the
larger fishes.
The condition factor was significantly higher for
females than for males (K mean = 0.0018 + 0.0003; n =
143 versus K mean = 0.0015 + 0.0002; n = 102, res-
pectively; Mann-Whitney, Z = 9.5; p < 0.0001). HSI was
also significantly higher for females (HSI mean = 2.63
+ 0.11; n = 142) than for males (HSI mean = 2.21 +
0.11; n = 101 (Mann-Whitney, Z = 2.2; p = 0.03). GSI
was significantly higher for females (GSI mean = 2.90
+ 0.53; n = 91) than for males (GSI mean = 0.68 + 0.13;
n = 94) (Mann-Whitney, Z = 2.86; p = 0.004). These
results remained significantly different for the condi-
tion factor (K mean for female = 1.5x10% + 0.04 x1073;
n = 39; K mean for male = 1.4x103 + 0.03 x103; n =
48; Mann-Whitney, Z = 2.14; p = 0.03) and for for the
GSI (GSI mean for female = 5.75 + 1.08; n = 39; GSI
mean for male = 0.96 + 0.23; n = 48; Mann-Whitney,
Z = 2.89; p = 0.004) when only fish providing from
the reproductive season were considered in the ana-
lysis. The HSI was not different for males and females
when fish from the reproductive season were consi-
dered (HSI mean for female = 2.90 + 0.23; n = 39; HSI
mean for male = 2.48 + 0.15; n = 48; Mann-Whitney,
Z=1.11; p = 0.27).

The percentage of infected fish was high for all size
classes and for both males and females (Table I). No
significant differences in parasite abundance were
found between sampling periods, for the whole sample
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Males Females
SC (mm) <40 [40-55] [55-70] [70-85] [85-100] =100  Total <40 [40-55] [55-70] [70-85] [85-100] =100 Total
P (%) - 100 89 88 86 85 91 50 91 90 95 96 100 92
Abund - 9.6 9.4 10.5 12.4 5.4 10.0 5.3 8.6 11.1 10.6 9.6 4 9.7
+ SE +12 +£17 +£29 +23 +12 +09 +32  +£09 +18 +17 +13 +0.7
(range) (3-22)  (0-23) (0-50)  (0-47)  (0-14)  (0-50) (0-13)  (0-26)  (0-45)  (0-52) (0-23) (4) (0-52)
I - 9.6 10.5 11.9 14.4 6.4 11.1 10.5 9.4 12.4 11.2 10.0 4 10.6
+ SE +12 +16 +31 + 2.4 +12 +1.0 25 +£09 +18 +17 +13 +0.7
(range) (3-22)  (1-23) (2500  (2-47)  (1-149) (1-50) (8-13) (1-26)  (1-45) (1-52)  (1-23) 4 (1-52)
N - 24 19 17 29 13 102 4 45 30 37 26 1 143

Table 1. — Percentage of infected fish (P %), abundance of parasite (Abund) and intensity (I) in males and females Gobius bucchichii for
each size-class (SC) (based on total length after Sasal et al., 1990). N = fish number in the size-class.

and when mature and immature fish of each sex were
considered separately. No significant differences in
parasite abundance were found between males and
females for the entire sample and when data were
controlled for host size (Mann-Whitney, Z = 0.9; p =
0.36). When sexes as well as fish maturity were consi-
dered, immature females were significantly more
infected (abundance) than mature females (Mann-
Whitney, Z = 3.1; p = 0.002).

There was no significant relationship between the
number of parasites (log+1 transformed values) and GSI
(p=0.29;n=231) or HSI (p = 0.85; n = 243) or K (p =
0.62; n = 245). If immature and mature fish were consi-
dered separately, the results were identical (Table ID.
Parasite aggregation, expressed as variance to mean
ratio, increased with size class for female G. bucchi-
chii of the smaller size classes, then decreased in
larger fish (Fig. 1). Similarly, parasite abundance
increased significantly between the two first size classes
(ANOVA, p < 0.001, df = 63, Games-Howell post-hoc
significantly different at level 0.01) and then decreased
to a significantly lower value in the last size class
(mean abundance for last size class = 3.5; Games-
Howell post-hoc significantly different at level 0.01 with
mean abundance of the three first size classes).

Non-mature

] Mature

Parasite

Abundance Females Males Females  Males Total

vs K p=0.10* - p=0.87 p=0.73 p=0.71

(n=49) (n=87) (n=102) (n=189)

vs HSI p=0.76* - p=0.21* p=072" p=0.74"

(n=49) (n=87) (n=101) (n=188)

vs GSI p=0.41* - p=0.03 p=0.067 p=0.74

(n=49) b=-0.62 (n=9%4) (n=178)

(n= 84)

4 Means that data were controled for host size in order to avoid cir-
cular relationship.

Table II. — P-values of the simple regressions between parasite abun-
dance and condition factor (K), hepatosomatic index (HSD) and gonado-
somatic index (GSD). Bold values are significant.
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Fig. 1. — Relationship between size-class (mm) of male and female
Gobius bucchichii and the variance-mean ratio of the parasite Acan-
thocephaloides propinquus + indicate the standard error.

When immature females (< 55 mm) were considered,
correlations performed on parasite abundance, GSI,
HSI, and K were not significant (all data log trans-
formed and regressions done on standard length resi-
duals when a confounding effect was detected)
(Table ID).

For mature females (> 55 mm), a significant negative
relationship between parasite abundance and GSI (b =
—0.62; R*=0.06; n = 84; p = 0.03) was found (Table II.
The relationship between acanthocephalan abundance
and K or HSI was not significant for this group
(Table II). When mature females (> 55 mm) providing
from the reproductive period were considered alone,
the negative relationship between GSI and parasite
intensity (both corrected for host size) was significant
(Fig. 2: b = — 0.37; R*= 0.11; n = 39; p = 0.04). The
number of eggs was counted in 29 females providing
from one sample period (mean number of eggs = 5097
+ 599; n = 29). We found a significant negative cor-
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Fig. 2. — Relationship between the parasite intensity and the gonado-
somatic index (GSD of mature female during the same sample
period (both in log and corrected for host standard length).
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Fig. 3. — Relationship between the parasite intensity and the number
of eggs of 29 mature females sampled at the same period.

relation between the number of parasites and egg
counts (Fig. 3: b = - 166.7; R*= 0.16; n = 29; p = 0.03).
This relationship remained weakly significant when
data were controlled for fish size by performing a
regression on residual values (b = — 0.19; R* = 0.14;
n = 29; p = 0.048). Non parametric Spearman corre-
lation test revealed a significant correlation between the
same corrected datas (n = 29; z = — 2.18; p = 0.029).
The size class-aggregation curve in males was also
humped and increased until a maximum value for the
size class 70-8 mm (variance-mean abundance ratio
= 13.4 + 0.5) (Fig. 1). Moreover, mean abundance did
not change significantly between the size classes
(ANOVA, p = 0.98, df = 92).

None of the factors tested previously for females were
found to be significant for males (Table ID).

DISCUSSION

ur results show a selectively different effect of

Acanthocephaloides propinquus on male and

female gobiids with similar levels of infection,
in terms of relative gonad production. The results are
discussed in terms of energy allocation and beha-
vioural strategy for reproduction.
Life-history theory assumes that there is a trade-off in
energy allocation (Sibly & Calow, 1986). That means that
the energy allocated to one function (growth or repro-
duction for example) would be lost to other physiolo-
gical functions. In our study, male gobiids are signifi-
cantly larger and have significantly lower biological
indices (condition, HIS and GSI) than females. It has
been demonstrated that male hatching success (the
number of eggs hatching after being cared for by the
male) increases with initial brood size, that is with fish
size because brood size increases with fish size (Fors-
gren et al., 1996). The parental investment hypothesis
predicts that males should invest and allocate more
energy in growth in order to reach sexual maturity
during the early years of life (Sargent, 1988; Kraak & van
den Berghe, 1992). Furthermore, in parental care spe-
cies, such as gobiids, larger individuals will defend their
young more efficiently (Gross & Sargent, 1985). This
investment for males in growth and early sexual matu-
ration will force them to consume more energy and the-
refore may show lower biological indices than females.
The female biased sex ratio found for the smaller size
classes would increase competition between males
(Kvarnemo & Ahmesjo, 1996; Magnhagen, 1998). The-
reafter, it might be more important for a male to have
an early sexual maturity for rapid access to females.
Females would accumulate energy and reserves (resul-
ting in higher values of GSI, HSI, and K), as investment
in egg production is much more costly in term of energy
consumption than sperm production (Turner, 1986).
No difference in the level of infection was detected bet-
ween males and females. The high level of infection and
percentage of infected hosts may hide a potential effect
on the biological indices studied. A comparison between
infected and uninfected fishes of the same size class may
have shown evidence of the parasite’s effect. However,
it might be difficult in field studies to detect patholo-
gical impact, as affected individuals should be rapidly
eliminated by predation (Holmes, 1983). Moreover, the
effect of the parasite (if there is one) may not be
obvious on the biological indices studied at the level of
the population even if it has been previously demons-
trated that host energy metabolism could be affected by
acanthocephalans (Connors & Nickol, 1991).
On the one hand, sex hormone secretion for gonad
maturation in females after maturity can play an
influential role in the regulation of the immune res-
ponse and therefore favor parasitism (Alexander &
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Stimson, 1988; Moller, 1993). On the other hand,
because of the immuno handicap effect of testosterone,
males are supposed to be more sensitive to parasitism
(Folstad & Karter, 1992; Verhulst et al., 1999). Our
results seem consistent with the idea that reproductive
females represent more sensitive hosts (Munger &
Karasov, 1989). This is supported by the size-class-
aggregation humped curve (Fig. 2) coupled to an
increase of prevalence that is usually the sign of the
effect of the parasite on the host population (Anderson
& Gordon, 1982; Rousset et al., 1996; Pampoulie et al.,
1999). This result may highlight a stronger effect of the
parasite on reproductive female survival than on males
or non-reproductive females. This hypothesis of an
impact on females is reinforced by the negative cor-
relation found between parasite abundance and GSI
and fecundity. The presence of a size-class/aggrega-
tion humped curve for males without detecting an
effect may be because the studied indices were not
enougth sensitive (i.e. spermatozoid motility or male
hormone dosage may be more sensitive factors).
Finally, if we stayed with the idea of the prudent para-
site model, we can imagine that in fact the parasite has
no direct effect on the host survival, either on females
or males. The cost for males to grow rapidly, in order
to increase their reproductive success by increasing both
nest size (that means eggs laid) and competition for
access to female, seems not to influence them as no
differences between young and old fish were detected.
Males are responsible for a large part of mating suc-
cess in gobiids as they guard the nest. During nest guar-
ding, males are starved and this can also lead to a loss
of parasites (Crompton, 1985) even if we found no dif-
ference in infection within sampling period. The natural
physiological constraints on females to produce ener-
getically costly gonads may increase the level of infec-
tion of non-mature females. This result could be due
to an obligatory important intake of food in order to
accumulate energy for egg production.
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