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Summary. The parasitic fatma of the a limentary tract of adult whi tespotted rabbitfish, Siganus 
sutor, sampled in December 1990 at the Kenyan coast, was investigated. Five endoparasi tes were 
fo und : the digenean trematodes Opisthogonoporoides hanwnanthai, Gyliauchen papillatus and 
1-/exan.gium sigani, the acanthocephalan Sclerocollum rubrimaris and the nematode Procamm.alanus 
elatensis. No uninfected fish , nor sing le species infections occurred. Parasite population data showed 
ve1y high prevalences for ali endoparasites, ranging from 68. 18 % to 1 00 %. G. papi/lat us occurred 
with the highest mean intensity, 201.68 ± 12.54 paras ites per infec ted fi sb. The paras ites were over­
di spersed w ithin their host's population and frequency distributions generally fitted the n egative 
binomial function. The relationship between host size and parasite burden showed that smaller fish 
were more heavily infected. The infection with O. hanumanthai and H. sigani decreased significant­
ly with tota l length of S. su tor. Study of the associations between parasites showed that the iutensi­
ties of the three digenean species were significantly positi ve! y correlated. Possible transmi ssion stra­
tegies of the digenea and impact of the feedi ng habits of S. su tor are discussed. Microhabitat prefe­
rences of the five endoparasites indicated a selective site segregati on of ali species. 

Keywords: Siganus sutor, endoparas ites, mi crohabitat, Tndian Ocean. 

INTRODUCTJON 

Siganidae or rabbitfish have a wide di stribution in the In<Jo-Pacific, ranging from East­
Africa to F rench Polynes ia (WoODLAN D, 1983). Siganids are, together w ith the 
Lethrinidae, the most important fi sh in the local artisanal marine fi sheries along the East 
African coast (NT! BA & J ACCARIN I, 1988). Fifty percent of the tota l catch is made up of 
rabbitfi sh {NZIOKA, 1984). Siganus sutor (Valenciennes, 1835) is the dominant species at 
the Kenyan coast, fo llowed by S. luridus (Ruppell, 1828), S. argenteus (Quoy and 
Ga imard, 1825) and S. stellatus Forsskàl, 1775 (see NT!BA & ]AC ARJN I, 1988). Si ga nids 
are w idely recognised as potentially su i table species for mari culture (BEN-TU V lA et al. , 
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1973, LAM, 1974, HORSTMANN, 1975, LICI-IATO\VICH & POPPER, 1975, POPPER & 
GUNDERMANN, 1975, VON WESTERNHAGEN & ROSENTHAL, 1976). 

ln view of their maricultural potential, LAM (1974) stated that "proper studies on di­
seases in siganids are badly needed". Most studies on parasites of marine fish in tropical 
regions are limited to taxonomie or zoogeographical descriptions. Ecological studies on 
endoparasitic helminths offish in tropical seas and especially in the Indian Ocean are scar­
ce. DIAMANT & PAPERNA (1986) listed the parasites of wild Red Sea rabbitfish, with spe­
cial attention to the potential pathogens in mari culture. The ecology of the acanthocepha­
lan Sclerocollum rubrimaris was reported in three species of rabbitfish, Siganus rivulatus 
(Forsski\1, 1775), S. argenteus and S. luridus by DIAMANT (1989). 

Severa! investigations have documented the distribution of ecto- and endoparasites of 
fish in the host population and their microhabitat use within their host (CROMPTON, 1973, 
HOLMES, 1973; 1990a, ROI-IDE, 1984, BATES & KENNEDY, 1991 , SUKHDEO, 1990, 
BucHMANN, 1991 ). Most ofthese studies present data on fish of tempera te waters. The pre­
sent work presents data on the distribution of five endoparasitic helminth species of S. 
sutor within the host population and on their microhabitat selection. The investigation is 
part of a wider research project on the parasitic fau na of S. sut or of the Kenyan coast. The 
study on ectoparasites will be presented in a separate paper (GEETS et al., in prep). 

MATERIAL AND METf-IODS 

ln December 1990, a sample of adult whitespotted rabbitfish Siganus sutor 
(Valenciennes, 1835) caught in the seagrass areas off the Mombasa coast, were obtained 
from local fishermen. Cabbage baited dematraps (traditional bottom traps) were used. 
They were placed in shallow water ( < 14 m depth) at low ti de and removed at the next low 
tide. Upon being landed, fish were intraperitoneally injected with formaldehyde solution 
7%. Total length (TL) to the nearest 0.1 cm and wet weight (WW) to the nearest 0.1 g were 
measured. 

Twenty two specimens of S. sutor (24.9 ± 1.9 cm mean TL, 249.2 ± 62. 1 g mean WW) 
were examined for endoparasites. The alimentary tract was divided into stomacb and inte­
stine. From the pyloric sphincter up to the anus, the intestine was eut into four equal parts 
and parasite load was counted for each section. For identification pw-poses, addüionallive 
parasite specimens were obtained from S. sutor from the same area and immediately fi xed 
using the methods described by BERLAN D (1984) and PRIT 1-1 RD & KR SE (1982). The 
acanthocephalan was identifi ed using the the description of SCHMIDT & PAPERNA ( 1978). 

The terms prevalence, intensity, mean intensity and abundance were used as indicated 
by MARGOUS et al. (1982). 

The frequency distributions of the parasites were compared with the theoretical 
Poisson and negative binomial functions. The number of frequency classes was determi­
ned using the following equation Q = 1 + 3.3 log N, witb Q the number of classes and N 
the maximal number of a particular parasite recorded (ROBERT et al., 1990). The expected 
values for the Poisson series were calculated in Loh1s 123R4 for Window with the 
c. POISSON function, those for the negative binomial function were calculated using 

,. 
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PROBNEGB in SAS version 6.08. The k values were calculated with the maximum like­
lihood equation (ELLIOTT, 1977). Goodness of fit was tested using the chi square test. 
Variance to mean ratio as weil as k values were used as indices of dispersion. Variance to 
mean ratio will approximate unity ifthere is an agreement with a Poisson series. If varian­
ce to mean ratio is greater thau 1, a contagious or aggregated distribution is suspected. The 
H0 hypothesis that parasite species (total number) were equally distributed over the four 

different areas of the intestine was tested using G and chj square tests (SOKAL & ROHLF, 
1987; 1995). Analysis of correlations of occurrence of two parasite species was do ne using 
Speannan's rank con·elation coefficient r, since data on intensities of infection were not 

normally distributed. Statistica software (release 4.1) was used for most statistical analy­
sis. 

RESULTS 

Five endoparasite species were fou nd in the alimentary tract of Siganus sutor: the dige­
nean trematodes Opisthogonoporoides hanuman.thai Madhavi , 1971 , Gy liauchen p apilla­
tus (Goto & Matsudaira, 1918), Hexan.gium sigani Goto & Okazi, 1929, the acanthocep­
halan Sclerocollum rubrimaris Schmidt & Paperna, 1978 and the nematode 

Procammalanus elatensis Fusco & Overstreet, 1979. 

In Table 1 the quantitative data on the five endoparasites are given. Prevalence was 
very high for ali species, ranging between 68.2 % for H. sigani up to 100 % for G. p apil­
latus . The digenean G. papi/lat us reached the highest mean intensity, 201.68 ± 12.54 para­
sites per infected fish, the acanthocephalan S. rubrùnaris was the !east conunon with a 
mean intensity of2.72 ± 0.12. G. papillatus accounted for 52.2 % of the total of8496 para­
sites recovered from the 22 rabbitfish . Of ali fish examined, 54.5 % were infected with ali 
five endoparasites. Neither uninfected fish , nor single-species infections were recorded 
(Table 2). 

TABLE 1 

Quantitative data on the endoparasites ofS iganus sutor 

Paras ite species Total number Max imum Preva lence Mean intensity Abundance 

of parasites (%) intensity (%) ± s.d . ± s.d. 
-----

O. hanumanthai 3254 (38 .3) 69 1 8 1. 8 180.77 ± 11.0 1 147.9 1± 8.73 

G. papillatus 4437 (52 .2) 13 17 100.0 20 1.68 ± 12 54 20 1.68 ± 2.54 

H. sigani 3 17 (3 .7) 125 68.2 2 1.1 3 ±2.27 14.4 1 ± 1.35 

S. rubrimaris 49 (0.0 1) 9 81. 8 2.72±0.1 2 2.22 ± 0 l O 

P elatensis 439 (5 .2) 53 90.9 2 1.95±0.64 19.95 ± 0 63 
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TABLE 2 

Relative proportion (%) ofSiganus sutor infected with 0 to 5 endoparasite species. 
(Total number offish examined = 22) 

Number of 
parasite species 

O. hanumanthai 

0 

2 
3 
4 
5 

Percentage S. sutor 
infected 

0 
0 

9.1 
13.6 
22.7 
54.5 

G. papillatus 

J:!r~~-J ~:!r&__ __ . ~ 1 
49 149 249 349 449 549 649 99 299 499 699 899 >999 

max number of parasites per class max number of parasites per ci;;!SS 

0 Poisson .4. Neg. Binom. 0 Poisson • Neg. Binom. 

H. sigani S. rubrimaris 

1:]~.,~ .... J ~~t~ 
9 29 49 69 89 1 09 129 0 1 2 3 4 5 6 7 8 9 

max number of parasites per class max number of parasites per class 

0 Poisson .4 . Neg. Binom. ~ Poisson .4 . Neg. Bi nom. 

P. elatensis 

4 9 14 19 24 29 34 39 44 49 54 
max number of parasite per class 

0 Poisson 

Fig. l. - Frequency di stribution of fiv e endoparasite species of Siganus sutor 
with fitting of Po isson and negati ve binom ial distribution. 
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The distribution of the endoparasites in the host population is shown m Fig. 1. 

Variance (s2) to mean (m) ratio and k-values (Table 3) are both used as indices of disper­

sion: s2/m > 1 and llk are both measures for clumping of the individuals in the host pop­

ulation. Ali five endoparasite species were overdispersed (aggregated) throughout the rab­

bitfish population. O. hanumanthai and G. papillatus showed a very high aggregation in 

the host's population. A few hosts carried an enonnous amount of parasites, eg. the maxi­

mum intensity of infection in one host was 1317 for G. papillatus and 691 for O. hanu­

manthai. 

TABLE 3 

Indices of dispersion, s'lm and k-value, for the jive endoparasite species 

ofSiganus sutor 

Parasite species s2/m k-value 

O. hanumanthai 249.58 0.59 

G. papillatus 377.64 0.53 

H. sigani 52.31 0.28 

S. rubrimaris 2.26 0.74 

P elatensis 9.40 2.36 

Poisson series and negative binomial distribution were fitted to the frequency distri­

butions. A goodness of fit chi square test showed that none of the parasites were random­

ly distributed in the host population (P < O.OOI for the Poisson series). Almost ali endopa­

rasite distributions could be described by the negative binomial distribution (P > 0.05), 
except for the distribution of the nematode P elatensis. Although an aggregated distribu­

tion was expected from the high variance to mean ratio for P elatensis, the negative bino­
mial distribution was not a good theoretica1 function to describe th is frequency dist:ribu­

tion. 

A Spearman 's rank correlation (Tab le 4) between total length and number of parasi­
tes of each species showed significant negative correlations for O. hanuman.thai and H. 

sigani. The total parasite Joad was also sign ificantly negatively cotTelated with the size of 

the host. Of the total number of parasites fmmd , O. han.umanthai accounted for 38.3 %and 

H. sig ani for 3. 7 %, so this could parti y ex plain the negative correlation of the totalnum­

ber of parasites with the total length. But, on the other band, G. papillatus, which accounts 

for 52.2 % of ail the parasites, did not show a significant negative correlation between 

intens ity of infection and host size. The relation between totallength and wet weight of 

the fish with an indication of the six !east parasitized specimens (total number of parasi­

tes < 1 00) and of the five most beavily parasitized bosts (total number of parasites > 600) 

is shown in Fig. 2. Mean weight and mean tota l length were considerably lower for the 

heavily parasitized sigan ids . 
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TABLE4 

Spearman 's Rank Correlation (rJ between totallength (TL) ofSiganus su tor 
and intensifies of infection. Signijicant correlations are indicated in bo/d 

Pair of variables 

TL-O. hanumanthai 
TL- G. papi/la tus 

. TL-fi. sigani 
TL-S. rubrimaris 
TL-P elatensis 
TL-total n ofparasites 

r, 

-0.74 
-0. 12 
-0.69 
-0.27 
-0.37 
-0.53 

p-Ieve! 

<0.001 
> 0.05 
<0.001 
> 0.05 
> 0.05 
<0.05 

450 ,-------------------------------------~ 

400 - 0 

350 

• 
§ [!] :ë 300 - !il Ol 
(il 

* o ~ ;;: 
Q) 250 -

~ 0 s ~ 
0 

200 • 
0 • • 

150 -

0 
100 

20 22 24 26 28 30 

Totallength (cm) 

< 100 parasites > 600 parasites 

• • Mean total length 26.3.±1.4 23.1 ±0.6 
±SD (cm) 

Mean wet weight 285.7 ±32.5 208.4 ±40.8 
±SD (g) 

• 

Fig.2.- Relation between total length and wet weight of Siganus sutor with indication of the ]east 
parasiti zed indi viduals (so l id circle) (< 100 parasites 1 fi sh) and the heavies t parasitized fi sh (star) 
(> 600 parasites 1 fish). Mean total length and mean wet weight and their standard deviations are indi­
cated in the accompaning tabl e and are significantly different for botb groups (T-test, P < O.OO l ). 

The interrelationship between parasites is demonstrated in Table 5 by the Spearman ' s 
rank correlation coeffic ients (r,). For this comparison, only rabbitfish contain ing at lea t 
one of the two parasite species involved, were included. Ali three digenean parasites 
showed significant pos itive correlations with each other. Thus, there seems to be an asso-
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cJatwn between the numbers of digenean parasites fmmd in S. sutor. No correlation 

between the numbers of the acanthocephalan S. rubrùnaris or the nematode P elatensis 
and the other parasite species could be found . 

TABLE 5 

Correlation bet.veen intensifies of infection of five endoparasites ofSiganus su tor 
(r, = Spearman s rank correlation coefficient). Significant correlations are indicated in bold. 

Number of pairs 

rs O. hanwnanthai G. papillatus 1-J. sigani S. rubrimaris 

Probabi1ity 

G. papillatus 22 
0.437 
<0.05 

1-J. sigani 18 22 

0.691 0.633 
<0.01 < 0.01 

S. rubrùnaris 22 22 21 
0.147 -0.154 -0.33 
> 0.05 > 0.05 > 0.05 

P. elatensis 2 1 22 20 22 

0.328 0.313 0 .382 0.011 
> 0.05 > 0.05 > 0.05 > 0.05 

Microhabitat preferences of the five parasite species in the alimentaty tract of S. sutor 
are shown in the histograms in Fig. 3. The stomach of S. sutor harbomed no parasites. The 

H0 hypotheses for the chi square as weil as for the G test stated that the total number of 

parasites of each species was equally di stributed over the four (equal) parts of the intesti­

ne. Both tests rejected this hypothesis (P<O.OO 1 ). The distribution of each of the parasite 

species was not equal over the intestine but showed a di stinct pattern of preference. 

The three digenean species preferred the two most posterior parts, 13 and 14, but each 
species showed a di stinct microhabitat preference within thi s posterior region. O. hanu.­
manthai was fou nd in the J3 reg ion in 71.5 % of the cases, G. papiflatus showed a prefe­
rence for the 14 region (95.4 %) and H. sigani was distributed over both areas but with a 
s light preference for the 14 region (4 1.6 % in 13 , 58.4 % in 14). 

The acanthocephalan S. rubrùnaris attached most freq uent! y (65.3 %) to the fu·st quar­
ter of the intestine (Il ), with decreas ing numbers towards the rectum. P elatensis, the 
nematode, seemed the !east site specifie of the five species. lt was abundant in the fu-st 
three quarters of the intestinal tract, but ra rely occurred in the most posterior part ( 4.8 %). 
Each of the four intestinal secto rs was characterized by the abundant presence of different 
parasite spec ies: I 1 by S. rubrimaris, 12 by P elatensis, I3 by O. hanu.manthai and I4 by 
G. papillatus, which suggests a spatia l niche segregation of the spec ies . 
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Fig. 3. - Distribution of fi ve he lminth species along the alimentary tract of Siganus sutor. 
Relative proportion(%) of the total number of parasites are given on top of each bar. (S = sto­
mach, 11 -14 = four sections of the intestine from pyloric sphincter to anus.). 

DISCUSSION 

Siganids are herbivorous fish which incidentally take in invertebrate food items (LAM, 
1974, SUYEI-II RO, 1942). Siganus sutor lives in schools on reef flats and seagrass beds. 
Although herbivorous fi sh are generally consideree! to harbour less intestinal parasites 
than carn.ivorous or onmivorous fish, this is certainly not the case for S. sutor, considering 
the high prevalences and mean intensities of parasites found in our study. 

Up to now, most parasitological studies on siganids were carried out on species of the 
Red Sea (DIAMANT & PAPERNA, 1 98q), the Philippines (JONES & HrNE, 1983) and the 
Seychelles (TOMAN, 1977; 1989). DIAMANT & PAPERNA (1986) list thirty five parasite spe­
cies ( 12 ecto- and 23 endoparasites) on tb.ree rabbitfish species, Siganus argenteu , S. luri­
dus and S. rivulatus (Forsskal, 1775) of the Red Sea. Ail five endoparasites considered in 
our study were also collected on the siganid species investigated by DtAMANT & PAPERNA 
( 1986), except for J-I. sigani on S. luridus and P elatens·is on S. argenteus. h1fection levels 
were marked by DIAMANT & PAPERNA (1986) on a nominal scale from "not found" to 
"rare", "fairly common" and "abundant". Heavy infections with O. hanumanthai and 
Gyliauchen papillatus were not noted in the Red Sea siganids. H. sigani and G. papillatus 
were also found in Siganus spp. (probably S. oramin and S. fluvescens resp.) from the 
Seychelles (TOMAN, 1977; 1 989). 
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The mean intensities of digenean trematodes found in S. sutor are remarkably high. 
Stomach analysis only occasionally revealed remains of small cmstaceans and gastropods, 
which could have served as intennediate hosts (pers. obs.). VON WESTERNHAGEN (1973) 
a Iso reported small invertebrates to occur as part of the food of S. oramin and S. striolata. 
The li fe cycles of the three digenean species, O. hanumanthai, G. papillatus and H. siga­
ni have not yet been elucidated. Since S. sutor does not feed selectively on invertebrate 
prey, infection probably occurs by incidental ingestion of either encysted metacercariae on 
the plant material or small epiphytie invertebrates which are intennediate bosts. For dige­
nean-dominated comrnunities, (sucb as in S. sutor), the molluscan fatma determines wbich 
lifecycles will be possible in the ecosystem (K01E, 1983, Esc1-1 et al., 1990). Those poten­
tial intennediate host species found in the stomach of S. sutor could be examined for 
metacercariae as a first step to elucidating some of the li fe cycles of the digeneans fmmd 
as adults in the whitespotted rabbitfish. " 

The acantbocephalan Sclerocollum rubrimaris was described by SCHMIDT & PAPERNA 
in 1978 from Siganus rivulatus and S. rostratus. DIAMANT (1989) studied the infection of 
the species in S. argenteus, S. rivulatus and S. luridus. Although the prevalence of S. rubri­
maris in S. sutor (81.8 %) was bigher than in any of the three Siganus species investiga­
ted by DIAMANT (1989), the mean intensity noted in S. sutor was lower (2.72 ± 0.12). 
DIAMANT (1989) also suggested that the infection route would be by accidentai ingestion 
of the infected intermediate host (most! y crustaceans). 

The nematode Procamallanus elatensis, previously recorded in S. luridus and S. rivu­
latus from the Gulf of Eilat (Fusco & ÜVERSTREET, 1979) is also presumably acquired 
tlu·ough the ingestion of infect ive larvae in crustaceans. 

Ali five endoparasites displayed an aggregated distribution in the host population. 
CROFTON ( 1971) pointed out th at the infection process of parasites tends to lead to an over­
dispersed distribution, with heavily infected bosts often killed by the parasites. An over­
dispersed distribution ensures that the infection is kept at a low leve! with only a few hosts 
becoming beavily infected. ln fact, the parasite species acts as a regula tor of the host po­
pulation, the degree of the regula tory function being related to botb host and parasite po­
pulation densities. The dynamic equilibrium of host and parasite populations is essential 
to the continuous association between both. DIAMANT (1989) found an overdispersion of 
Sclerocollum rubrùnaris in both Siganus rivulatïts and S. argenteus populations and the 
frequency distribution could be fitted to the negative binomial function. Severa! other exa­
mples of overdispersed trematode distribution patterns have been recorded (CANNON, 
1972, WANSTALL et al., 1990). 

Although an overdispersed distribution is noted, the negative binomial is not always 
the right theoretical function to be fitted. HINE & KENNEDY ( 1974) noticed this for 
Pomphorhynchus laevis in dace (Leuciscus leuciscus). In om study, the frequency distri­
bution of the nematode P elatensis, although clumped according to the variance to mean 
ratio, could not be described by the negative binomial function . The distribution seemed 

to be bimodal. 

Changes in the abundance of parasites with bost size is a weil known phenornenon. 
DIAMANT ( 1989) noted increasing numbers of Sclerocollum rubrimaris with totallength of 
Siganus rivulatus, but a decreasing trend in S. argenteus. He suggested that the acanthe-
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cephalan infection is associated with feeding on deeper, adjoining algal patches where red 
sea weeds are abundant. S. rubrimaris infection showed a slight, but not signjficant, nega­
tive conelation with the size of S. sutor. ln a study on the incidence of trematode parasi­
tes of long rough dab (= American plaice) (Hippoglossoides platessoides) in relation to 
fish length, SCOTT (1975) pointed out that changes in the fish 's diet were the main cause 
for the observed differences (increasing as weil as decreasing numbers of parasites with 
increasing host size). CANNON (1972) came to the same conclusions for intestinal trema­
todes of perch (Perca jlavescens ). The observed negative correlations between the inten­
sities of the digeneans O. hanumanthai and H. sigani and totallength of S. sutor might be 
caused by a change in the fish 's di et, but a preliminary analysis of the food content of the 
stomachs did not show remarkable differences between smaller or bigger specimens 
(pers.obs.). DI AMANT (1989) relates the increasing spring abundavce of S. rubrùnaris with 
the accelerated feeding rates of S. rivulatus and S. argenteus during gonadal development 
and maturation. In our study, ali S. sutor which were screened for parasites were adult and 
ready for spawning in January - Februmy (NTIBA & JACCARINI , 1990). Migration move­
ments associated with spawning behaviour and possible temporal changes in feeding 
habits of the adult fish have not yet been investigated for S. sutor, but they may provide 
valuable information to explain the observed differences in parasite load. 

Mass infections of parasites can negatively influence the host condition and growth 
(ROHDE, 1984). This may provide an alternative explanation for the observed differences 
in length and weight of lightly and heavily parasitized rabbitfish . The high infections of S. 
sutor with both endo- and ectoparasites (Monogenea, Isopoda, Copepoda) (GEETS, in 
prep.) and the Jack of knowledge on their li fe cycles and impact on the ir hasts, make the 
interpretation and detection of causative agents for this phenomenon impossible at this 
stage. 

Analysis of interspecific relationships between the five endoparas ites demonstrated 
that only the tluee digenean species significantly occurred together and that their infection 
intensities were positively correlated. Positive associations were found between a number 
of intestinal helminths in brown trout (Sa/mo trutta) (Tl-lOMAS, 1964). HINE & FRANCIS 
( 1980) studied interspecific associations between three digeneans and two nematodes of 
New Zealand freshwater eels (Anguilla diejjènbachii and A. australis) and attributed the 
positive association between two of the digeneans to the ir use of the same intermed iate 
host. To exp lain positive associations, TI·IO MAS ( 1964) suggested two hypotheses. The 
association could be of mu tuai benefit for both parasites, or the observed association could 
be the result of ecological factors outside the bost. HINE & FRANCIS (1980) stated that posi­
tive associations are unusual and that they rather result from the distribution of tl1e infec­
tions larval stages of the belminths in relation to feeding habits of the host than from any 
cooperation between the helminths. The importance of the intermediate host was also 
emphas ized by SousA (1994). Helminth parasites which share the same intermediate host 
will often co-occur in indi vidual vertebrate bosts since they are acquired sünultaneously 

when the final host feeds on this intermediate host. 

The correlated response of different parasites to certain heterogenous qualities of the 
host eg. age, sex, host size, was also suggested to resuJt in positive associations of parasi­
tes. For O. hanumanthai and H. sigani infections in S. sutor, this last assumption could be 
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true. Intensities of infection of both species are negatively correlated with host size. 
Hence, their apparent interspecific interaction might be a result of independent negative 
correlation with host size. Since G. papillatus infections are independent of host size (wi­
thin the examined range), the positive association between O. hanumanthai or H. sigani 
and G. papillatus is not explained by this hypothesis. It is striking, however, that positive 
associations were only found between the three digenean species and no associations 
involved the acanthocephalan or the nematode species. A detailed study of S. sutor's fee­
ding habits would probably provide a suitable explanation. 

The relationship between interspecific interaction and site selection by parasites has 
been widely discussed (HOLMES, 1973; 1990b). Assemblages of parasitesv consist of 
varying numbers ofpotentially interacting species (SousA, 1994). BusH & HOLMES (1986) 
defined a parasite infraconununity as being ali parasites species in a single host individu­
al, and the component community (Esc H et al., 1990, SousA, 1994) as ali parasite species 
in a population of a certain host species. Parasite infraconummities are classified as inter­
active or isolationist (HOLMES & PRJCE, 1986). Most infracommunities will be situated 
somewhere in between these two extremes. The parasite infracommunity of Siganus sutor 
tends to be more interactive than isolationist. Characteristics are: high colonization rates, 
high average densities of parasite infrapopulations and high species diversities (SousA, 
1994). In an interactive parasite infracommunity, as in S. sutor, frequent interspecific 
interactions amongst the parasites will occur, .which will eventually lead to a reduced spa­
tial overlap and a tendency towards site specificity. Site selection is an active and conti­
nuing process on the part of the parasite (HOLM ES, 1973). The presence of other parasites 
may modify the microhabitat selected by a particular species. Jt is a generally accepted 
rule in ecology that species which coexist in the same habitat, at the same time, will either 
compete or interact to specialize and bence seg~·egate their niches. HOLMES (1973) hypo­
thezised that interactive segregation, in which the realized niche of a species is reduced by 
the presence of another species, would gradua li y be replaced by (genetically based) selec­
tive segregation, in which the realized microhabitat does not change in the presence or 
absence of a noth er species. 

When we consider the microhabitat uses of the three digenean parasites found in the 
intestinal tract of S. sutor, more evidence is found for selective than for interactive site 
segregation. Since no single species infections were recorded in presént study, possible 
shifts in microhabitat use could only be compared in fi sh with high or low intensities of 
infection of a certa in parasite. G. papillatus, in 95 % of the cases fou nd in the last quarter 
of the intestine (!4), did not change its distribution when it was the only digenean species 
present (observed in 4 fi sh) . When infections of G. papillatus were low and outnumbered 
by O. hanumanthai or by H. sigani, no changes in the distribution along the ÏJ1testine were 
observed for the last two species, which aga in is an indication of selecti ve site segrega­
tion. 

Site seg~·egation along the intestine of fish is weil documented (MA KENZIE & GIBSON, 

1970, CANNON, 1972, MüLLER, 1974, HJN E, 1980a; 1980b, KENNEDY & MORIARTY, ] 987, 

DIAMANT, 1989, WANSTALL et a/. ,1990, BUCHMANN, 1991). Our observations on the over­
all distribution of the fi ve endoparasites of S. sutor along the intestinal tract, coïncide with 
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the distributions indicated by DIAMANT & PAPERNA ( 1986) for the sa me endoparasites in 
three other siganid species of the Red Sea. 

CROMPTON (1973) stated that the distribution of helminths in the intestine of verte­
brates is related to the different conditions in different parts of the tract, to the effect of 
digestion and to the nature of the diet. Digenean parasites feed mainly on mucosa and epit­
helial tissue. Therefore, they will be browsing in the intestine in places where the epithe­
lial turnover rate is high (CROMPTON, 1973). The fact that the three digenean parasites in 
our study were most frequent! y found in the posterior part of the gut (I3 and 14) cou Id sup­
port this hypothesis. HAL TON & ARM E (1971) pointed out th at body surfaces of trematodes 
are fragile. The intestinal wall of I3 and 14 of S. su tor is characterized by dense vil li which 
could act as a protection for the digeneans. When a mixed parasite popuJation is present, 
the relative size of the parasite bodies is also of importance (CANNON, 1972). Closely rela­
ted sympa tric parasite species (or ecological equivalents) were genera li y separated by at 
!east a 10 % linear measurement and the smaller species was a more specialized feeder 
(KEAST, 1968,fide CANNON, 1972). O. hanumanthai is the smallest of the three digeneans, 
followed by G. papillatus and H. sigani is the largest (pers.obs.). Both smaller species 
have a more restricted (specialized?) microhabitat than H. sigani. Furthermore, it was 
noted that the villi in the I3 part were much smaller than in the 14 part. G. papillatus (gene­
rally found in 14) was immediately noticed when it was present in !3, since its body part­
ly projected into the lumen. O. hanumanthai specimens were more frequently found com­
pletely enclosed between the small .villi of the third part of the intestine. 

The microhabitat of the acanthocephalan Sclerocollum rubrimaris in Siganus sutor, 
coïncides with the distribution reported for the same species in S. rivulatus and S. argen­
reus, namely the anterior 5-25 %of the gut (DIAMANT, 1989). Acanthocephalans feed by 
absorbing nutrient molecules through the trunk. CROMPTON (1973) suggests tbat the 
attachment sites of a duit acantbocephalans are tberefore limited to regions of the intestine 
which are specialized for the absorption of nutrients . 

Nematoda are equipped with an alimentary canal and would thus be more free to roam 
around the intestine. Procamallanus elatensis also seemed to be the !east site spec ifie of 
the five endoparasites of S. sutor. Nevertheless, certain sites seem to be preferred by cer­
tain nematode spec ies . HrN E ( l980b) described the di stribution of three nematode spec ies 
in two New Zealand freshwater ee ls. He noted that Paraquùnpera sp. and 
Spirocamallanus sp . were mostly fou.nd in the anterior or mid intestine, depending on the 
host spec ies . Cucul/anus sp. occurred more througbout the intestine. Migrations of this 
nematode with food was a possible explanation. 

SOMM ERVILLE (1963 ,jide HOLMES, 1 973) stated that "each species of nematode tends 
to be located about the region of grea test abundance as a normal frequency distribution. " 
Th is can also be noticed for the di stribution of P elatensis in the gut of S. sutor (F ig . 3). 

The site segregation of the endoparasites of S. su tor described in the present study, is 
probably not the ouly rnechanism of niche restriction invo lved for the parasites. Since only 
adu lt fish of one sampli.ng occasion were investigated, temporal segregation for instance 
cou ld not be studied. l nfection with different parasites at different times of the year was 
demonstrated in previous studies to be a potential mechan.ism to avoid competition. 
Paras ites may a Iso utilise different age classes of the host, which is a spec ial ki.nd of tem-
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poral niche segregation, or may show a reproductive segregation in time. Fmihennore, 
spatial segregation, as described here within the intestine of a host, is not the only aspect 
of differentiai use of 'space'. Geographical segregation (not discussed here) is an other 
mechanism to avoid niche overlap. 

Deeper understanding of the observed infection patterns of Siganus su tor endoparasi­
tes will have to await studies on the ecology of the fish and elucidation of the !ife cycles 
of its parasites. 
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