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Infestation pattern and parasitic castration of the crustacean
Riggia paranensis (Crustacea: Cymothoidea) on the fresh water fish
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Cyphocharax gilbert infested by Riggia paranensis shows parasitic castration. The prevalence of parasitism in C. gilbert
varied among different environments, being higher in the middle rio Itabapoana. Fish were collected monthly using two cast
nets (thrown 30 times during the day) and gillnets kept in the river during 12 hour, from sunset to sunrise, between September
1997 and August 2000. Infestation pattern was investigated on 1358 specimens. Most of them were infested (57.9%), with one
or two parasites; the majority (62.9%) was collected during the rainy season (spring-summer). The parasite did not show
preference for sex or size of hosts. A total 0of 91.5% of the 511 examined parasites had a body size that represented 10.1% to 20%
of host standard length. The reproductive condition of 311 specimens of R. paranensis was analyzed checking the presence
of oocytes in the ovarian and eggs or embryos in the marsupium. Nearly 73% of them were at reproductive phase, and had a
body size that represented 5.1% to 20% of host standard length. The size of the immature parasites varied from 0.1% to 5% of
the host size. The results suggest that R. paranensis may adopt a fast growth rate strategy and increase the investment in
reproduction when they occupy most of the host’s pericardial space.

Cyphocharax gilbert infestado por Riggia paranensis apresenta castragdo parasitaria. A prevaléncia do parasito varia entre
diferentes ambientes, sendo maior no trecho médio do rio Itabapoana. Os peixes foram coletados mensalmente neste rio
usando duas tarrafas (langadas por 30 vezes durante o dia) e redes de espera por 12 horas, do crepusculo ao amanhecer, entre
setembro de 1997 e agosto de 2000. O padrao de infestacdo foi investigado em 1358 peixes. Peixes infestados apresentaram um
ou dois parasitos, representando 57,9% da populagdo e a maioria deles (62,9%) foi coletada no periodo de maior precipitacao
(primavera-verdo). O parasito ndo apresentou preferéncia por sexo ou tamanho do hospedeiro. No total, 91,5% de 511 parasitos
examinados apresentaram um tamanho corpdreo que representou de 10,1% a 20% do comprimento padrdo do hospedeiro. A
condicao reprodutiva em 311 espécimes R. paranensis foi analisada através da presenga de odcitos no ovario e ovos ou
embrides no marstpio, sendo que cerca de 73% estavam em fase de reprodugao, apresentando um tamanho corporal que
variou entre 5,1% a 20% do comprimento padrdo do hospedeiro. O tamanho dos parasitos imaturos variou de 0,1% a 5% do
tamanho do hospedeiro. Os resultados sugerem que R. paranensis pode adotar uma estratégia de rapido crescimento e deve
aumentar o investimento em reproducao quando ocupa grande parte do espaco disponivel na cavidade pericardial do hospedeiro.
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Introduction

The parasites might be selected to decrease or inhibit re-
productive effort of host if they increase host survival and
size, and thereby their own reproductive output (Keymer &
Read, 1991; Hurd, 2001; Loot et al., 2002). Several species of
the Cymothoidea are parasites and infest a variety of marine
and fresh-water fish affecting the host physiology in differ-
ent ways. For example, infested fish may have significantly
lower erythrocyte counts, haematocrit and hemoglobin val-
ues, and significantly increased leukocyte counts, loss of
weight and reduction of fecundity, increase in juveniles mor-
tality, presence of serious lesions inside buccal cavity or tu-
mor in the operculum, metaplasia on the area penetrated by
the parasites, and exhibit parasitic castration (Huizinga, 1972;
Romestand & Trilles, 1977; Thatcher, 1993; Adlard & Lester,
1994; Adlard & Lester, 1995; Marks et al., 1996; Thatcher,
2000; Azevedo et al., 2002; Horton & Okamura, 2003; Carvalho
etal.,2004; Gomes da Silva et al., 2005; Rajkumar et al., 2005).

The specimens of Cyphocharax gilbert (Quoy & Gaimard,
1824) infested by the Cymothoidea Riggia paranensis Szidat,
1948 show parasitic castration, lacking gonadal development
and two sex specific plasma proteins (Azevedo et al., 2002;
Gomes da Silva ef al., 2005). This parasite affected the body
size of C. gilbert, enhanced host growth, mainly among the
female hosts (Azevedo et al., 2002). However infested fish
were similar to the no infested ones at the end of reproduc-
tive cycle in terms of size and number of melanomacrophages
centers of spleen, an indicator of fish health (Meirelles, et al.
2003). Other similarity between infested females and post-
spawning or initial gonadal development females was also
observed for the plasmatic levels of the sexual hormone Beto-
estradiol and testosterone. These results all together sug-
gest that the parasite seems to inhibit the initiation of host’s
reproduction (Meirelles et al., 2003).

Riggia paranensis is a hermaphrodite protandric species
that is born as male and become female in the parasitic phase.
Females obtain blood from the gills; males are smaller than
females and live associated to them but are not blood feeders
(Raibaut & Trilles, 1993; Bastos & Thatcher, 1997). They keep
an opening in the host body to obtain oxygen and to deliver
their larvae to the environment, being characterized as
mesoparasites (Bergey et al., 2002). Larvae make one perfora-
tion close to the pectoral fin, become associated to the gills
as females and grow inside a host-synthesized capsule at the
pericardial area (Huizinga, 1972; Thatcher, 1991; Raibaut &
Trilles, 1993).

The host, C. gilbert, inhabits the coastal drainages of
eastern Brazil (Vari, 1992) and presents the highest fecundity
among the members of the family Curimatidae, presenting
multiple spawning and two reproductive periods that vary
among ecosystems, but spring and summer seems to be the
major period of reproduction (Azevedo et al., 1938; Menezes,
1994; Azevedo et al., 2002; Gomes da Silva et al., 2005). The
prevalence of parasitism in C. gilbert varies among lagoons
and rivers in the North Fluminense region, being higher in the
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middle rio Itabapoana (Azevedo et al., 2002).

This study describes the pattern of infestation in popula-
tions that inhabit the middle rio Itabapoana, in order to test if
the parasite has any prevalence for sex or size of host, to
verify if there is a relationship between host and parasites
size, and to analyse parasite reproductive condition through
the presence of oocytes in the ovary and eggs or embryos in
the marsupium.

Material and Methods

Fish and parasites were collected monthly from Septem-
ber 1997 to August 2000 in the middle rio Itabapoana basin,
Rio de Janeiro and Espirito Santo States, Brazil (21°15’S and
42°30°W). Six gillnets (three with 20 mm mesh, 25 m long and
1.5 m depth and three with 25 mm mesh, 25 m long and 1.5 m
depth) were placed at river margins during 12 hours from
crepuscule to the sunrise. Two cast nets (20 mm mesh and 2.5
m of diameter and 30 mm mesh and 4.0 m of diameter) were
thrown 30 times during the day.

The standard body size of fish was measured as the length
from the tip of snout to the fork of the caudal fin. The sex of
fish was identified by ovaries and testis morphological char-
acteristics (position, color and size of gonads) (Menezes, 1994;
Azevedo et al., 2002; Gomes da Silva et al., 2005). The fish
were analyzed registering the presence of parasites, number
of parasites, and post-infested sign (cicatrization marks). They
were classified into six categories, arranged in four groups:
(1) without any parasitism signs (category a); (2) infested
fish with one or two parasites (categories b or ¢); (3) fish with
one cicatrization mark at one side of the body and with one
parasite at the other side (category e), and (4) post-infested
fish with one or two cicatrization marks (categories d or f)
(Azevedo, 2002). The prevalence was calculated as the num-
ber of infested fish divided by the number of examined fish x
100%, following Bush et al. (1997).

The parasites were removed from their hosts to measure
their sizes (length from the tip of head to the end of telson).
They were preserved in ethanol solution (70%) for seven
days and their oostegits were removed to observe the pres-
ence of oocytes inside the ovary and eggs or embryos inside
the marsupium. Parasites without oocytes, eggs or embryos
were classified as sexually immature (Azevedo, 2002).

The data were analyzed considering all the studied period
as well as separately in two distinct periods of the studied
years, the autumn and winter (from March to August) and the
spring and summer (from September to February). Non-para-
metric analysis of variance (Kruskall-Wallis test) were per-
formed to test preference of parasites (%) for host standard
body lengths (Snedecor & Cochran, 1971). The sexual pro-
portion between males and females (M:F) was calculated for
both fish without parasites and infested or post-infested to
verify if there was any prevalence of parasites (%) for sex of
host. Spearman correlation test () and the regression analy-
sis (%) were applied to verify if sizes of hosts and theirs para-
sites were related (Snedecor & Cochran, 1971).
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Table 1. Prevalence of parasitism (number of infested fish / number of examined fish x 100%), body size range (mm) of the host,
Cyphocharax gilbert, classified in six categories of infestation (a-f). The total includes all hosts and parasites collected
between September 1997 to August 2000. Data are also presented separately for the autumn-winter (March through August)
and spring-summer (September through February) periods. All specimens collected in the middle rio Tabapoana, Brazil.

Categories of infestation (%) Size (mm) Periods (n)
(a) without parasite signs 39.3 80-196 Total
(b) one parasite on the left or right side 448 88 -194 (1358)
(c) two parasites 11.9 90 - 189

(d) body cicatrization mark on the left or right side 3.1 107 - 220

(e) one parasite at one side, cicatrization mark at the other side 1.2 95-205

(f) two cicatrization marks 0.5 114 - 201

(a) without parasite signs 42.7 80-172 Autumn-
(b) one parasite on the left or right side 46.8 88-180 Winter
(c) two parasites 5.9 90 - 189 (503)
(d) body cicatrization mark on the left or right side 4.1 138 - 157

(e) one parasite at one side, cicatrization mark at the other side 0.5 95-205

(f) two cicatrization marks - -

(a) without parasite signs 37.3 100 - 196 Sring-
(b) one parasite on the left or right side 43.7 118 - 194 Summer
(c) two parasites 15.2 110 - 154 (855)
(d) body cicatrization mark on the left or right side 2.6 107 - 220

(e) one parasite at one side, cicatrization mark at the other side 0.7 114 -153

(f) two cicatrization marks 0.5 114 - 201

Azevedo (2002) verified that the standard body length of
the hosts was only slightly related to the body length of R.
paranensis due to the large variation of the body size of the
parasites. Therefore the body length index was developed to
circumvent this problem. The body length index (BLI) related
the total length of R. paranensis (TLRi) and the standard
length of C. gilbert (SLCy): BLI=[((TLRi mm)/(SLCy mm)).
100]. This index allowed the separation of the group of large
hosts infested by small parasites from the group of small
hosts invested by large parasites, allowing the application of
correlation tests to verify the relationship between the sizes
of host and parasite.

Four specimens (two males and two females) of C. gilbert
infested with R. paranensis were deposited at Colecao
Zoologica Didatica da Universidade do Norte Fluminense
(UENF/CY 1998/01-04). Additional vouchers were sent to
Museu Nacional to Rio de Janeiro (MNRJ). Carcasses of the
other specimens were frozen and have been used to measure
heavy metals levels in the parasites and in the edible part and
liver of fish.

Results

A total of 1358 fish were collected and 511 parasites were
removed from hosts. Infested fish (n=786) represented 57.9%
of the total, and all of them did not present gonadal develop-
ment. Most of the infested fish (63%) were collected during
the spring and summer (Table 1). The frequencies of speci-
mens with one parasite were very similar between the spring-
summer and autumn-winter periods of the studied years. Fish
with two parasites were relatively more frequent during the
spring-summer period. Few fish were found with cicatrization
only (3.1%). Small parasites were found growing inside a large
host-synthesized capsule.

It was not observed a preference of parasites for host size
(Table 1). The overall analysis of body length of infested fish
was not significantly different from fish without parasites
(H=0.245; d.f=3;n=1311; P>0.05). Similar results were ob-
served when we compared separately the body length of fish
collected during autumn and winter (H=0.155; d.f=3; n=483;
P>0.05) or during spring-summer period (H=0.203; d.f=3;n=
835; P>0.05). The body size of post-infested fish (with one or
two cicatrization marks) did not vary significantly from fish
without parasites signs (H=0.103; d.f. = 2; n=580; P>0.05) or
from infested fish (with one or two parasites; H=0.158; d.f. =
2;n="784; P>0.05).

Non-preference of parasites for sex of host was also ob-
served. The proportion between male and female (M:F) among
fish without parasites (category a) was 49M:51F (n= 449).
Among infested fish with only one parasite (category b) the
sexual proportion was 48M: 52F (n=132). Similar sexual pro-
portions were observed for fish infested by two parasites
(category c), fish with cicatrization (category d and f), and
fish with one parasite and one cicatrization (category e).

Body length of fish and parasites varied from 80 mm to
220 mm and from 5 mm to 30 mm, respectively. The relation-
ship between body sizes of the hosts and the parasites were
analyzed for the total period of study (n= 511), for autumn
and winter period (n= 120) or for the spring and summer pe-
riod (n=391).

The body length index (BLI) applied revealed four natural
groups of parasites. The first group involved parasites with
body lengths ranging from 0.1% to 5.0% of its host body
sizes. Parasites with body lengths ranging from 5.1% to 10.0%
or from 10.1% to 15% or from 15.1% to 20% of the host body
lengths represented the second, the third and the fourth
groups, respectively. The results showed in Tables 2 and 3
and Fig. 1 followed these classifications.
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Table 2 . Frequency (%) of parasites (immature and mature) in
each of the four groups (1-4) for the body length index BLI =
[((TLRi mm)/(SLCy mm)).100]. BLI was calculated as the rela-
tion between the total body lengths of the parasite Riggia
paranensis (TLR1) and the standard length of their host Cy-
phocharax gilbert (SLCy). The total includes all hosts and
parasites collected between September 1997 to August 2000.
Data are also presented separately for the autumn-winter
(March through August) and spring-summer (September
through February) periods. All specimens collected in the
middle rio Itabapoana, Brazil.

Frequency (%) in each Group

Periods 1 2 3 4 n
BLI=0.1to BLI=5.1to BLI=10.1to BLI=15.1
5.0% 10.0% 15% t0 20%

Total 1.4 7.1 54.9 36.6 511
Autumn- 0.9 8.0 41.5 49.6 120
Winter

Spring- 1.8 6.5 62.1 29.6 391
Summer

The overall analysis revealed that most parasites (54.9%)
belonged to the group 3 (Table 2). The partial analyses re-
vealed that 62.1% of the parasites collected during the spring-
summer period belonged to the group 3. A different pattern
was observed for the autumn-winter period. During this pe-
riod of the year, 49.6% of the parasites belonged to the group
4 and 41.5% belonged to the group 3. Few parasites belonged
to the group 1 or 2 of the BLI. Only 1.4% and 7.1% of para-
sites belonged, respectively, to the group 1 and 2 for the
overall analysis. The partial analyses revealed that 0.9% and
8% of parasites belonged, respectively, to the group 1 and 2
during autumn-winter period. During the spring-summer pe-
riod it was observed that 1.8% and 6.5% parasites belonged
to the group 1 and 2, respectively.

The reproductive condition of 311 specimens of R.
paranensis was analyzed. A total of 227 specimens (73%)
presented oocytes in the ovary and embryos inside the mar-
supium. The parasites that presented oocytes and embryos
were more frequent during the spring-summer period (78%)
than during the autumn-winter period (22%). Parasites at re-
productive phases were less frequent during the autumn-
winter period (57.5%) than during the spring-summer period
(77.5%) (Table 3). The relationship between the body sizes of
R. paranensis (TLRi) and C. gilbert (SLCv) was analyzed for
mature and immature parasites separately. Most of the ma-
ture parasites belonged to the group 3 and 4 showing body
sizes from 10.1 to 20% of their hosts (Table 3). The immature
parasites (n= 84) did not present oocytes in the ovary and
embryos inside the marsupium and presented body sizes that
represented from 0.1% to 5% of host standard length.

Regression analysis between body sizes of host and their
parasites were applied to verify if the coefficients were sig-
nificant. Due to the limitation on sample size on groups 1 and
2 for the BLI, only the specimens belonging to the group 3
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Table 3. Frequency (%) of the mature parasite (individuals
that presented oocytes in the ovarian and/or embryos in the
marsupium) in four groups (1 to 4) for the body length index
BLI= [((TLRi mm)/(SLCy mm)).100]. BLI was calculated as
the relation between the total body lengths of the parasite
Riggia paranensis (TLRi) and the standard length of their
hosts Cyphocharax gilbert (SLCy). The total includes all
hosts and parasites collected between September 1997 to
August 2000. Data are also presented separately for the au-
tumn-winter (March through August) and spring-summer
(September through February) periods. All specimens col-
lected in the middle rio Itabapoana, Brazil.

Frequency (%) by Group

1 2 3 4
Periods BLI=0. BLI=5.1to BLI=10.1 BLI=151 n
10 5.0% 100%  to15% 10 20%

Total 0.4 35 595 36.6 227
Autumn-

Winter 00 0.0 50.7 493 79
Spring- 54 60.8 33.1 148
Summer

(BLI: 10.1% to 15%) and group 4 (BLI: 15.1% to 20%) were
analyzed (Fig. 1). In the general analysis, the relationship
between body size of parasites and their hosts were signifi-
cant (P £0.05) for the specimens belonging to groups 3 (1> =
0.64, n= 280, P < 0.05) and 4 (r*=0.79, n= 187, P < 0.05).
Significant coefficients of regression (P < 0.05) were also
observed for the relationship between body size of parasites
and it hosts (BLI group 3 and BLI group 4) in specimens
collected during the autumn-winter and spring-summer peri-
ods (Fig. 1).

Discussion

The present study showed that in the middle rio
Itabapoana around 60% specimens of C. gilbert were infested
by one or two specimens of R. paranensis. Only 3.1% of fish
presented one or two cicatrization marks, revealing an infre-
quent post-infested condition in the studied area. Small para-
sites growing inside a large host-synthesized capsule were
found suggesting that fish can be infested again before the
end of cicatrization. The prevalence of the parasite R.
paranensis in the C. gilbert populations was lower (around
3.5) in other fluvial systems and lagoons in the northern of
the Rio de Janeiro state (Azevedo et al., 2002).

The high prevalence of parasitism in the studied area might
be a secondary impact of the introduction of exotic fish spe-
cies from the rio Parana into the basin of the rio Itabapoana
(Bizerril & Lima, 2001; Azevedo et al., 2002). However envi-
ronmental condition and spatial structure of the host popula-
tion may also affect the prevalence of parasites (Grosholz &
Ruiz, 1995; Carvalho et al., 2003). For example, the high rate of
infestation of branchiurans in piranhas (Serrasalminae) seems
to be a direct consequence of the proximity between indi-
viduals and of seasonal changes in water level and tempera-
ture (Carvalho et al.,2003).
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Fig. 1. Relationship between size of Riggia paranensis and its host Cyphocharax gilbert classified into two (groups 3 and 4)
body length indexes [BLI= [((TLRi mm)/(SLCy mm)).100]: total body length of the parasite (TLRi) and standard length of the
host (SLCy)]. The total includes all hosts and parasites collected between September 1997 to August 2000. Data are also
presented separately for the autumn-winter (March through August) and spring-summer (September through February)
periods. All specimens collected in the middle rio Itabapoana, Brazil.
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Variations on prevalence of parasitism were observed in
different periods of the year, increasing during rainy season
(spring-summer) and decreasing during dry season (autumn-
winter). Thus, the effect of water levels fluctuation in parasite
prevalence observed by Carvalho ez al. (2003) in the Pantanal
wetland, may be not directly related to the variations on preva-
lence found in the studied area. The variations on prevalence
verified in the middle rio Itabapoana might directly reflect the
life cycle pattern of R. paranensis. The spring-summer was
the major reproductive period of this parasite (Azevedo, 2002)
and the larval infestation might be more effective during this
period.

Seasonal variations on prevalence of parasitism might
involve a preference by the sex, size or age of host (Radujkovic,
1991; Bragoni et al., 1983). The preference of parasite for male
host or for fish at intermediate body size was presented by
some species of Cymothoidea (Marks et al., 1996; Bello et al.,
1997). However, R. paranensis did not present any prefer-
ence for sex or size of the host. Non-preference for the host’s
sex was also observed in the parasitic isopods of Amblygaster
sirm (Veerappan & Ramanathan, 1997). The non-preference
for the host’s sex associated to the consequences of para-
sitic castration seems to be a parasite adaptation rather than
host survivorship success (Keymer & Read, 1991).

Positive correlation between body size of parasites and
their hosts was observed in the present study. The same
result was observed for the parasite Cymothoa exigua and it
host Lutjanus peru (Alvares & Flores, 1997). Simultaneous
growth of host and parasite was verified for other species of
Cymothoidea and fish (Adlard & Lester, 1995), and suggested
that once parasite is established in the body of a host there
are no substitutions (Alvarez & Flores, 1997). The synchrony
of parasite and host growth seems be a natural strategy that
increases parasites reproductive output. The female isopod
can also enhance host growth (Azevedo et al., 2002), increas-
ing its own body size and reproductive output. Therefore the
growth effects of parasites on their host might be a manipula-
tion of the first one and an adaptive response of the second
(Loot et al., 2002). Thus, the nutrients released from host as a
result of parasitic castration will mainly depended on the
amount of energy the hosts invest on reproduction (Keymer
& Read, 1991).

Cyphocharax gilbert presents the highest fecundity
among the members of the Curimatidae (Azevedo ef al., 1938;
Menezes, 1994; Azevedo, 2002). The infested individuals
maintain the parasites reproductive output and the non-in-
fested ones (around 40% of population) should keep the spe-
cies continuities, suggesting coexistence and parasite-host
coevolution (Toft & Aeschlimann, 1991). The reproductive
patterns presented by the Cymothoidae parasites are also
marked by a large fecundity (Raibaut & Trilles, 1993; Pouling,
1995). Riggia paranensis can present developed embryos in
the marsupium and new oocytes in the ovary at the same
time, especially during the rainy season. The reproductive
mode showed by R. paranensis suggested that it is a very
prolific species (Azevedo, 2002).

Infestation pattern and parasitic castration of Riggia paranensis on Cyphocharax gilbert

The majority of the parasites showed a body size that
represented 10% to 20% of the host standard length. Most of
the parasites are mature when their body size hit up to 5% of
host size. Immature parasites presented body sizes that rep-
resented from 0.1% to 5% of host standard length. The re-
sults of the presented study suggested that parasite might
adopt a fast growth rate and should invest in reproductive
efforts when they occupy most of the host’s pericardial space,
independent of sex or body size of host.
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