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Spatial distribution of gill parasites of Lepomis gibbosus (1..) and
Ambloplites rupestris (Raf.)!
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Hawngx, €., and C, H. FERNANDO. 1978. Spatial distribution of giil parasites of Lepomis gibbosus
(L) and Ambloplites rupestris {Raf.). Can. §. Zool. 56: 1235-1240,

Precise positions with regard to gill arches, sides of gill hemibranchs (anterior or posterior), and
their sections (dorsal, medial, ventral) were recorded on 25 specimens monthly to determine
spatial distribution of gili parasites of Lepomis gibbosus (1..) and Ambloplites rupestris (Rafl.).
Data were collected on three groups of parasites, Monogenea, Copepoda, and glochidia, The
dala, reated synecologically, were analysed for spatial distribution using a two-factor ANOVA
and Duncan’s multiple range test.

A significant preference for anterior sides of hemibranchs was noted for Monogenea and
glochidia of L. gibbosus (P < 0.001). A definite affinity for anterior medial and posterior medial
sections of hemibranchs was noted for Monogenea and glochidia of L. gibbosus (P < 0.001),
while Copepoda of the same host were found most oftenon either anferior or posterior sections of
hemibranchs (P < 0.001}.

A well-defined preference for gill arches, in descending order, two, three, one, and four was
noted for Monogenea and glochidia of L. gibbosus (P << 0.001), while ne such preference was
found for Copepoda of the same host (P < 0,001). The spatial distribution patterns exhibited by
the three groups of parasites of Ambloplites rupesiris followed generally the same patferns as
those exhibited by the gill parasites of L. gibbosus, the only exception being the preference for
anterior sides of hemibranchs exhibited by Copepoda (P < 0.001).

Hanek, G.. et C, H. FERNANDO. 1978, Spatial distribution of gill parasites of Lepomis gibbosus
(L.} and Amblopiites rupestris (Raf.). Can, 1. Zool. 56: 12351240,

La répartition spatiale des parasites branchiaux a 1€ étudiée chez Lepomis gibbosus (1.} et
Ambloplites rupestris (Raf.) par {"examen mensuel de 25 spécimens; la position précise des
parasites a 616 déterminge: position de la branchie affectée, cdté (antérieur ou posterieur} et
section (dorsaie. médiane ou ventrale) des hémibranchies. Trois groupes de parasiles ont €€
considérés, les monogénes, les copépodes et les glochidies. Les données, considérées de fagon
synécologique. ont 616 analysées pour déterminer la répartition spatiale des parasites en se
servant d'une analyse de variance & deux caractéres et du Test de Duncan.

Les monogenes et les glochidies de L. gibbosus ont une préférence significative (P <2 0.001)
pour les ¢otés antérieurs el une alfinité marquée (P << 0.001) pour les sections antérieure médiane
et postérieure médiane des hémibranchies, alors que, chez le méme hdte, les copépodes parasi-
tent indiffére mment les seclions antérieures ou postérieures des hémibranchies (£ < 0.001).

Les monogenes et tes glochidies de L. gibbosus parasitent par ordre décreissant de préférence
17.0.001) tes ures branchiaux deux, trois, un et guatre: les copépodes parasites du méme hote ne
Hc;waiw}eni pas avoir de préference (P < 0.001). Chez Ambloplites ripesiris, les trois groupes de
Pirasites suivent & peu prés la méme repartition spatiale que chez L. gibbosus & une exception
pres puisque les copépodes semblent cette fois avoir une préférence (P = 0.001) pour les ctés
leneurs des hémibranchies.

[ Traduit par le journal]
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Eh} .
o ;R;’{ifl'\ ﬂO[iCEd.t‘hE'i[ some paras_ites ‘have a
By E\"; or specificity for certain sites of
*“*"Hht K;‘nﬁ of the host. Cerfontaine (1896,
ophyr ;IJ\% 1o record llps phenqmenqn for
Hn_m‘f{ﬂrc‘u!ata. a gill parasite of Pol-
gy tydam (1971) has reviewed sub-
fun ,ilwﬁl;@\kazuki 1 965), Euzet and Ktari
Mg () 7351 Ktari 1969: Lleweliyn 19561
wen 1960: Owen 1963: Slinn 1963:

Wiles 1968) on spatial distribution of various
Monogenea. All these workers defined specific
areas of attachment by dividing each gill arch arbi-
trarity into several regions, and the parasite’s posi-
tion was then indicated with respect to these. How-
ever, almost all these studies considered a single
species of parasite, in most cases of polypis-
thocotylid monogenean. Fernande and Hanek
(1976) have reviewed the ecology of gill parasites in
fishes.
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Materials and Methods

Fish were collected monthiy between November 1971 and
Cetober 1972 from two localities: (a) a proximate portion of the
Bay of Quinte ("Glenora™) (44°03' N, 76°48' W and 44°06' N,
76°51 W) exhibiting typical oligotrophic features, and (5) West
Lake (43°54' N, 77°40° W and 43°57" N, 77°46' W) exhibiting typ-
ical eutrophic features.

Al each locality, 25 L. gibbasus and 25 A. rupestris were
selected monthly from commercial catches for a total of 300 fish
of each host. These were immediately examined at the Glenora
Fisheries Research Station, Picton, Ontarie,

Fish were killed instantly without bloodshed using a prepara-
tion needle muerfed into the brain in the upper part of the eve,
They were then weighed, fork length was recorded, and §-10
scales were taken for age determination. Gill arches were sepa-
rated and placed individuaily in small Petri dishes in water from
their locality of origin. They were numbered [-1V anteriopos-
terierty, sides of hemibranchs were designated as anterior and
posterior, and each was divided into 3 subequal sections (dorsal,
mediai, ventral), thus giving 6 subequal sections per gill arch for
a total of 48 per fish {Fig. 1). Monogenea were removed from gil}
archesand afl those from a section were placed ina drop of water
on microscopic slides. They were fixed in ammonium picrate —
glycerin under cover slips and the slide was labelled and stored
for later identification. Number of specimens obtained from
each section was recorded. Numbers of Copepoda and glochidia
on each section of the gill arches were recorded; infested gill
arches were separately preserved in 6% formaiin, fabelled, and
stored for later identification. In this way precise location of
every parasite was recorded,

A two-factor ANOVA was run {o test the various aspects of
spatial distribution with respect to the three groups of parasites
under consideration (synecological approach). Significance was
noted on 0.05, 0.025, and 0.001 levels to indicate degree of the
role. An F value significant at the 0. 10 level was noted only asan
indicator that some sort of relationship might exist.

When effects were noted, Duncan’s multipie range test was
employed (P < 0.05 and P < 0.01) to determine more specifically
where the significance lay.

Results

Spatial Distribution of Gill Parasites of Lepomis
gibbosus

Gill Parasite Spectrum

The gill parasite spectrum consisted of the foi-
lowing: {a) seven species of Monogenea, viz. Ac-
tinocleidus gibbosus Mizelle and Donahue 1944,
Actinocleidus recurvatus Mizelle and Donahue
1944, Cleidodiscus robustus Mueller 1934, Uro-
cleidus acer (Mueller 1936) Mizelle and Hughes
1938, Urocleidus attennatus Mizelle 1941, Uro-
cleidus dispar (Mueller 1936) Mizelle and Hughes
1938, and Urocleidus ferox Mueller 1934, (b) three
species of Copepoda, viz., Achrheres ambloplitis
Kellicott 1880, Ergasilus caerulens Wilson 1911,
and Ergasilus centrarchidarum Wright 1882; and
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Sections of Hemibranchs

A definite effect, regarding sections of hee
branchs, was noted for the following
Monogenea (F = 84.561; P < 0.001); Duncan'si.
(£ < 0.01) indicates (i) anterior medial section v
nificantly different from the other sections: and:.
posterior medial section significantly different fro-
the other sections; (b) Copepoda (F = 30.732:p
0.001); Duncan’s test (P < 0.01) indicates (i) 4
terior medial and posterior medial sections s ;
nificantly different from the other sections; (iiba:
terior ventral and posterior dorsal sections si
nificantly different from the other sections; and (i
anterior dorsal, anterior ventral, and posterior ver

festinprrines fuditad VUIMRIN (Y0,
A total of 23470 parasites vy,
the gills of L. gibbosus from \‘;;\'L.t“‘m
October 1972 in Glenora, while 3641(\“%‘
parasites were recovered i WL;:I‘N\;NM g
species composition and theiy Lagy ™
most identical in both localitie o
was clearly the dominant specie. w‘ Cile,
in Glenora and 76.9% in West Ly, i&_i‘”"“% b o
ranging from 1.6 to {1% of the ;xnm{?\f ; '
observed for A. gibbosus, 4 ,.(,: G
ey,
caeraleus, and U, gcer. The PErCen iy, {“"-:
site foad of 4. amblopiites, C. robiy, ‘; e g,
chidarum, glochidia of L. radigrq ("
and U. dispar remained at extremy|
levels (0.03 to 0.79%).
Overall, the Monogenea accountey for
mately 96% of the parasite load. C_Om::;:»{.
some 4%, and glochidia of L. radiaty for ?“
of 1% of the parasite load in both locaiye,
A synecological approach, treating comg,,.
and their constituent species in genery 1“,::,” ’
comparing differences in spatial disn-ihun;; :
terns exhibited by groups of parasites, ;, y
genea, Copepoda, and glochidia, was o
is used throughout the presentation,
Spatial distribution patierns with regyy .
arches, sides of gill hemibranchs (anterior o, . "
erior), and their sections {dorsal, mediy| Voos.
as exhibited by Monogenea, Copepod,
glochidia of L. radiata are given below,
Sides of Hemibranchs
A marked effect regarding sides of hemiby,., .
was noted for Monogenea (F = 62.452: P -, RTINS (f
and glochidia of L. radiata (F = 58.451, P < g cpradiati |
with Duncan’s test (£ < 0.01) indicating ant,. . ST
side significantly different from the posterior v, Ceticanthy e
No effect was noted for Copepoda. Candhy B ;‘ €
hes AN
-:\m the othe
fntet C\lil\g
i 11.416°
adeates are’
om the oth
o 1) indic
e fouy gl“ ‘
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Fic. 1. Niustration of gill arch 1 showing arbitrary divisions in1o areas.

sections significantly ditferent {from the other

“oens o) glochidia of L. radiata (F = 41.311;

5001 Duncan's test (P < 0.01) indicates {1

“sor dorsal, anterior ventral, posterior dorsal,
Dy BTN 4 " - . .
U posterior ventral sections significantly differ-

B

ot

oo the other sections; and (ii) anterior medial
A e ;
v significantly different from the other sec-

o
\

L. s,
B

suli-pronounced “arch’ effect was noted for

o - - Sy
| eenen (F = 39.414; P < 0.001) and glochidia

' \'I\fifium IF=25691; P < 6.001) with Dun-
[ .01 indicating (i) arches one and four
“‘\ different from arches two and three:
S significantly different from the other
. and Gy arch three significantly different
”:U wther gilf arches.

“ﬁ‘f‘f ;;L‘j_uits were obtain;d for Copepada
e, “h= < 0,001} Duncan’s test (P < 0.05)
e H”\‘!-)Ik\ one and four sxgmﬁcanﬂyAdstferent
. ”u!a:ﬁ{“ O :dl'(:.he%;, while _Duncan s test (P
iy e € no significant differences among

FRLurches.

M

RS IJ-‘\“. )
25 f"“'_“”? of Gill Parasites af Amblop-
PR AR K

LT ¢
Ta. M Spectrum

ST e -

Cleidodiscus glenorensis Hanek and Fernando
1972. Cleidodiscus stentor Mueller 1937, and Uro-
cleidus chautaugquensis (Mueller 1938) Mizelle and
Hughes 1938; (b) three species of Copepoda, ViZ.
A. ambloplitis Kellicott 1880, E. caeruleus Wilson
1911, and E. centrarchidarum Wright 1882, and {¢)
one species of glochidia, viz. glochidia of L. radiata
(Gmelin 1792).

A total of 15342 parasites was recovered from
the gitls of A. rupestris between November 1971
and October 1972 in Glenora, while 17113 speci-
mens of parasites were recovered during the same
sampling period in West 1 ake. Although the para-
site species composition was identical in both
localities, the intensity of infestation of these para-
sites varied considerably. Ergasilus  centrar-
chidarum was the dominant species in Glenora ac-
counting for 77.9% of the parasite load; €. stenfor
reached 17.4% and C. alatus 2.7% of the parasite
load. The remaining species exhibited extremely
jow to rare levels (0. 13 Lo 0.8%).

In West Lake, C. stentor appeared to be the
dominant species, accounting for 53.3%, while E.
centrarchidarum reached 17.6% and €. alatus
6 57 of the parasite foad. The rernaining species,
like in Glenora, were rare, exhibiting 0.2 to 1.1% of
the parasite load.

Svearatt Capennds seconnted for TRB%. Mono-
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Lake, the parasite load was composed as follows:
Monogenea {61%), Copepoda {38.5%), and
glochidia of L. radiara {0.5%).

Spatial distribution patterns, as exhibited by the
groups of parasites, Monogenea, Copepoda, and
glochidia of L. radiaty with regard to gill arches,
sides, and sections of hemibranchs are presented
below.

Sides of Hemibranchs

A marked effect regarding sides of hemibranchs
was noted for all three groups of parasites:
Monogenea (F = 96.131; P <« 0.001), Copepoda
(F=21314; P < 0.001), and glochidia of 7. radiata
(F = 49.154: p « 0.001). Duncan’s test (P <
0.01} indicates the anterior side of hemibranchs
to be significantly different from the posterjor side,

Sections of Hemibranchs

A definjte effect, regarding sections of hemj-
branchs, was recorded for the following: (a)
Monogenea (F = 101.34; P < 0.001); Duncan’s test
(£ < 0.05) indicates (1) anterior medial section sig-
nificantly different from the other sections; and (ii)
posterior medial section significantly different from
the other sections; further, Duncan’s test (P <
0.01) indicates anterior medial section significantly
different from the other sections; (b) Copepoda (F
= 71.681; P < 0.001); Duncan’s test P < 0.01)
indicates (i) anterior medial and posterior medial
sections significantly different from the other sec-
tions; (i) anterior ventral, posterior dorsal, and
posterior ventral sections significantly different
from the other sections; and (iii) anterior dorsal
section significantly different from the other sec-
tions; (¢) glochidia of L. radigta ( F = 34.671; P <
0.001); Duncan’s test (P < 0.0]) indicates (i} an-
terior medial section significantly different from the
other sections: and (ii} anterior medial, anterior
ventral, and posterior medial sections significantly
different from the other sections of hemibranchs.

Arches
A well-pronounced ‘arch’ effect was noted for all
three groups of parasites: {a) Monogenea {(F =
98.351; P < 0.001); Duncan’s test indicates each
arch sfgniﬁcam!y different from each other:
Copepoda (F = 94.116; P < 0.001); Duncan’s test
(both at P < 0.05 and p « 0.01) indicates no sig-
nificant differences among the four gill arches; and
(c) glochidia of £, radiata (F = 76.221; P < 0.001);
“Duncan’s test (both at P < ¢.05 and P < 0.01)
indicating; (i) arches | and Iv significantly different
from the other two arches; and consequently (i)
arches I and Iif significantly different from the
other two arches.

CAN. J. ZDOL.
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Discussion
The original observation that some parisit
have a higher affinity for certain organ sites .
regions of the body first noted by Cerfortun,
(1896, 1898) has been greatly extended and refige.
Several studies have indicated that some péritsiic:
of fishes exhibited z sjte specificity for particul.
gill arches, Lieweliyn (1956) found that Diclii.
phora merlangi occur most often on gill arch
of Gadus merlangus and Gadus luscae was mo
prevalent on gill arches I and 110 of G. fuscer
Frankland (1935) indicated that Dacrylocon.
denticulata was more prevalent on gili arch |+
Gadus virens. Wiles (1968) found that Diplozone
paradoxum occurred most often on gill arches | n.
H of Abramis brame. Suydam (1971) indicated ih-
adhesive attitudes and site specificity of I
dophora maccullumi were similar to those
scribed for D. denticulatq by Frankland (195511
D. merlangi by Liewellyn (1956), and for I
paradoxum by Wiles (1968). Suydam (1971 .
Suggested that the direction of the ventilating <
rent may influence the position of Monogenc: -
the gills. Woskoboinikoff and Bafabar (1936. 1%
introduced the concept of a continuous gill curts”

separating buccal and opercular cavities. Thes <~ |

Suggested that water flow over the gills was es
tially a continuous process. Hughes and Shelv
(1958), working with three cyprinid speae
applied

flow. Differential pressure was conseqﬂemfﬁ‘{
ways found, usually with the gradient from bus.:

to opercular cavity, This concept of a daaf PUT
primarily to water flow through the gilh +>

relates
has no straightforward anatomical basis since fh‘
is mechanical interaction through the system !-‘-’f:‘:
ton 1970). The geometry of the gills change> v
stantly during a single breathing cycle (‘,Sh(.‘l'.‘:-’
1970); therefore, parts of the gili sieve are nh‘}
nately exposed to and protected from the \‘-*}'}r
fiow. A number of workers have suggested Ihi‘-"‘;‘{
gill filaments do separate during some stage f”;,;
opercular cycle. Saunders (1961) reported “p“p ;
tion as the operculum was maximally a'bduu#; :
Hughes (1961) during opercular abduction. :{
Pasztor and Kleerckoper (1962) during all ph.«‘f ;
but principally during abduction, Most of |
search was concerned with the varying premr.
occurring in the buccal and opercufar Cav”.'?‘\
the consequent respiratory current of the gill*#
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BPIAlOrY Current passes over some gifl arches
an others, Considering the size alone, one might
wpect that at least in most freshwater fishes the
sl posterior gill arch, number IV, receives less
“ier flow than the anterior ones, Paling (15968)
wweribed a single method of estimating the relative
“umes of water flowing over the different gill
whes of Salmo trutta. Marker parasites, glochidia
dnodonta cygnea, were allowed to enter the
waithof fish passively with respiratory current and
e 1o attach themselves to the gill filaments as
* water flows across them. The glochidia were
-#midered to be distributed over the gill arches in
Tportions equal to the actual volumes of water
wing over the different gill arches. He SUm-
“ized his findings as follows: **It was found that
Yrown trout from Windermere, most of the res-
a0y current flows over the second and third
arofgiils, less lows over the first pair and least of
% %1085 the most posterior pair of gills.”’ In the
™uce of more sophisticated methods producing
S accurate results, Paling’s (1968) findings
Deusefui functions in providing estimates of the
eent volumes of water flowing over the four
o of gill arches, His findings, therefore, were
“ipted, Particularly in view of Hughes and Mor-
2 U973) work indicating that the degree of in-
o 0P the gills is directly related to the ventifa-
;}2 ‘Olime and the pattern of current flow over the

Sidering oy results, it can be concluded that
_ﬁ;‘)”}f 8roups of parasites infesting the gillsof L.
W is exhibited the following patterns: (a) a
'%ﬁ;h?m preference for the anterior side of
s NS was noted for Monogenea and glo-
SoofL, radiata; (b) no such effect was noted
fw‘:mpoda. which were found to be distribut_ed
g, an both ques of hqmlbranchs; (c_) a deﬁm_te
g “]f anterior mediai and posterior medial
gy O bemlbranchs was noted for Monogenea
gy 'fifa of [ radiata, while Copepoda were
T g;l Oftt_an on cither anterior or posterior
g hem:b.ranchs; (d) a well-defined prefer-
u rches, in descending order, two, three,
. Ur was recorded for Monogenea and
£ @y g radiata ; and (e) no clear preference
?3’??@ arch for Copepoda.
g?@g . ‘:”!‘S obtained for the three groups of para-
%e $ng the gills of A. rupestris are in full

F Mth those obtained for the gill parasites
Y ﬁr‘”“é‘! the only notable exceptions being
Jgey C€ fOr anterior sides of hemibranch
"« COPepoda. It should be emphasized

“a . ,
sy”ecﬁlogical approach was used in data

i
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analysis, Consequently, the various affinities for
various parts or sections of gills as exhibited by
‘groups’ of parasites reflect actually the spatial
preferences of the dominant species of parasite
groups under consideration,
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