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Seven hundpéq

ABSTRACT '

‘and twénty-eight fish of five species

(cyprinodonts and gastérosteids) from four locations on the west ) N

coast of insular Newfo@ndland were examined- for metazoan,parasites, o

@ . [

" using conventional parasitological techniques. } ' :
' ’ - . - .
® - . Eleven genera of paragites were recovered (two Monogenea, foqp
o~ ) : DigEnea; two Cestoda, one Acanthocephala,,two'p?rasitié-Crustacea).

]

Six genera of parasites QQre recorded from Funduluc heteroélilns{ 1

,
i

. génus from L, diaphanus, 5 genera from Pungitius pungitius, 7 genera ' -

) fron Gastepostéus acﬁleaiusland 4 genera from Apéltes qugdfdaus. Two

"B . .. . L ' ’ N ! Y,
{: . - . ° ‘Canadian fecords,‘Z Neqfoundland records and 3 host records were '
;"‘ . .. ‘noted. | !

u‘ ) f . It was found that the Qarasitekbufdeﬁ of F. heteroclitus was

'jnot hoﬁagenous for'spmple areas, sex of host (Monogenea), and length

% ( " of host (Gyrodaétylus prolongis, G. stephanus, Uﬁqclcidus angularis,

-

. ' 0 : “‘1.‘ ‘ 4 ’ )
< Homalometron pdtlzdwn and Proteéocephalus sp.), Significant differences

in the preferred site of attachment of the three species of Monogened

'

e ) - were noted. Seasonal variations in incidence and intensity were noted

T,
- . C a4

No seasonal differences

v

for all parasite specieé of F. heteroclitus.

-

. -

in length of worms and febqhdity were observed. . .o
I 2 "‘ ] T 4 X . . £

* Seasonal cycles were related to seasonal variations in selected

[ . Y

‘ ‘:"*envifonméntal factors, and possible chianges in host diet and physiology.A

’
- - .

. - g - P -
Significant'afffenencesl1n the occurrence of particular species -

s 't .
i

. of parasites in Egprinndonts hnd'gasterosteids were noted.
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N INTRODUCTLON - , SR

o

Thé genus Fundulus (fam. Cyprinodontidae)’is w1desf)read throughour eastern '
i . c

D

North America (Bigelow and Schroeder, 1953), where it has diversified . .

" Intdo a wide varicty of species and subspeciles, as shown by Miller

(1955) and Brown (1957). Two.species of this genus, the mummichog
Fundilus he tévoeldtys (Linnaeus, 1766), and thé banded killifish

Funduluve diaphanus (Le Sueur) have been recorded from the west coast

' of Newfoundland (Hzilket't, 1913; Johanse.h; 1926; Scott and CEOSSH\BH,

P

,196/a;",’Leim and Scott, 1966; Van \Viiet, -1970; Scott and Croésman, 1973). -+,

Hudson (1973, .pers. comm.) has e‘x-tende"d the ‘known northern and eastern

-gep‘grmphic' range” limits of F.-hetervelitus and the kmown eastern limits

-

of F. diapheaus. ‘ ‘ .

The parasitofavna of members of this génus has been studied, °

.primarily in the -United States, from a qdql{tative aspect with regard

‘to both naturally occurriﬁg parasite burdens and artificlally induced .
. . . " - ) 3 ' ., . -

infections under laboratory cohditions (.Dil.lon, 1966) . The only reports - )

1] A -

of parasites from members of the. genus in Eastern Canada are those of i

- 1 ’ .
Gowanloch (1927) from New Brunswick, and Fantham and Porter-(1947): frqm

“Nova.Scotia. Check lists of parasites from members of the genus are

e

given by Dilloii (1966) and HofFman (1967). S , BN

In May 1“973,‘;1 study was initiated to determine the occurrence,

.y
1 » y

distributfon and seasohal dynamics, in relation to selected environ—
4 5““ v m ) —-}‘.— .
mental factors, of the metazoan parasites of F. heteroclstus and-d..

- -

d'iaphanus-inwthe' insular waters of Mewfoundland, The opportunitly was

[

"~7 also taken to compare the parasitofauna of Fundulus species-with that

1 -
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MATERTALS AND METHODS

. Sampling -was éarrigd out . at hpproximhtely monthly intervals- ¢

in four vfnrens .

-

A. Sample Arecas ,' : co L #

)

[y
-

° [ [} ‘ '
.. + The sample arcas, or parasite "macro—environments' (Pavlovskii,

7 A L

s [
1934), were chosen on .the basis of four criteria, namely, as being

repraesentative of the known range (recorded. and.unrecorded) of F.

¢

heteroelitus in Newfoundland; to represent onc .area where F.

. o

cheteroclitus and F. diaphanus co-exist; to exhibit as wide a range of

environmental variation as pessible; and to be easily accessible by’

S

. : ¥
road for rapi{d sampling in the short time periods available. Sampling

v \. . 4
was only possible in the period.May-December 1973, due to adverse

environmental conditions in the other months. . - ' : .
The insular locations.of the sample areas arc shown in Fig. 1,

) . L. ' hd
and details,of the individual areas in Plates (I-IV),

. ~ o . .

¢ " ! . , .

“_.Area 1. Clark's Brook, (Plate ' T). (49°46'N, 58°08'W). This
e - . -

sample ,;‘;fc:a, together with Areca 2y é;ctends the previously recorded. ..

Lo * - e

«

northern geographic limits of F, hctbrqﬂ{ tus, described by V_an“Vliet

b

(1970) as Port~au-Port Bay. Both Areas 1 and.2 were dis_coverg_éil.ighilb

- -

investigating local reports of F. heteroelitus in the Bay of Iglands

L] R - .;ﬂ"'::"‘-w,.
-axeda. - . o i
" . . R » g .
; TP, hetercelitus was found extensively throughout all parts - of =
- ] . = R ,. N . [T -
the brook estuary, with particularly large concentrationg in a semi--

stagnant backwater. The water was approxfrﬁately 1 m. deep with'a mud
' ' L ’ e Ee W '
AR

(]
i3

) . -~

o +
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.

A small lagéon extension
of Muddy Hole supports a population of F. heteroelitud.

~ which grows dense clumps of Zostera sp

concentrations of bacteria which are-said to be respoﬁsible for the

R

CT
bottom, which was practicaliy'devoid of vegetatioh.

The Backwater Qas

area had been blocked " probably by local children, thus effectfvely
producing 'a closed population. Gasterosteids were also abundant.
. . ; . N '

N

In
December, the water was frozen to a depth’of* approximately 10 cms.

Atea 2.

Frenchumh's Cove. (Platé I1)

. (49°03'N, 58°11'W)

The sample area was a pond 1-2 m. deep in a grass meadow, situated
9

v

approximately 75 metres from the low water mark.

The~pond ‘was subjed&
A a 1
to tidal influence during high fall and winter tides.

There was slight
drainage from the pond via'a small overgrown stream, which dried up in

the summer months again effectively producing a’ closed population for
this period of time.

L rew

Gasterosteids were present but scarce.

: Aécordipg
to" the owper of the property im which the pond was situated, F

] .
heteroclitus was introduced into the pohd from the Codroy Valley,

—
¢

approximately twenty years pré;ibusly'to providelfood for domesticated
ducks.’

-~
e~

The pond was frozen to a depth of approximately 10 cm
December.

§. in’

Area 3, Mummichog

Park. (Plate III), (47°46'N, 5 '
Located approximately 45 kt. north-east of Port-aux—Basques in t
~ e 1

-

Codroy Valley, this Provincial Park is constructed around an inlet o

the Little Codroy River known‘as Muddy Hole.

il

&, The depth of )
the water in the lagoon "is from ;—3 m. with a soft mud bottom, from

The lagobn contains large

B

apparently isolated from tidal action, and in July the outlet from the
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)

high rate of decay and odour produced durirrg ‘the summer months. (Anon,

_o'

Pub. 6)., 1In June, algal growth had occurred to such an extenE that the
surface of the lagoon was covered with dense floating mats which

eventual“y united to-form a thick algal scum‘ around the sﬁoreline‘.
o
Analysis of the algal scum (Whittick, pers. comm., 1973) revealed the °
I
pre?ence of . Chlorophyceae, (Monostomo qI'eU‘LZZC"L Enteromorpha mtesmnalts
D - (5.,

Percusaria percuaam’a), Phaeophyceae (Ectoca‘npus siZicuZosus) and
A \ :

Cyanophyceae (0 c_ﬂlatoma Sp. Pha\mndwm 8p.).
I

Area 4. Seal Cove Brook. (Plate IV). (47°48'N, 5_8°28'W.).

i
This area, 1ocated west of the town of Stephenville Crossing,’ off the

Vi
T

L Port—au—PorL Pen‘insula highway, was the site of previous recordings of

F. heteroclttua and F dzaphanus (Scott and Crossman, 1964) The brool;

flows through a conj_..ferous- forest area, across a salt-marsh characterised

" by the presence of Spartina maritima; and finally opens into Bay St. |

George. Sampling was possible only at low tide, when ‘the water was

A}

slow Erunni;\g and approximately 1 m. deep. At high tide, and during

_periods of heavy Fainfall when the run-off from thé surroundi{;g hills

was high, the depth and soeﬂed of flow of water in the brook prevented

4

sampling. Sampling was performed at a point approximaéely iOO m. !

upstream from the mouth of the brook. F. diaphanus was taken in June,

" and to a lesser extent in July, but was entirely ab_éent from the sampling

“area 1in September a.nd‘the-following months. The reason for this is not .

» .
. ]

known. A thin layer of surface.ice occurred on the water. in December.

P ~ '
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B. . Procédire

" »| Sampling was carried out by driving the fish into a 10 m- B
geine het, (4 mm. on the diagonal mesh). Attempts were made to sample

. -
o a T

each area at monthly intervals. This was not always possible however,
on account of high water conditions which resulted from floods or
tidal influence, the fish not being.hrésent in the area at the time

of sampling, or in one instance (August, 1973) due to the author being
: "

“gtranded in bape Breton as a result of the Canadian NationalFRailways-

<

. o \: ' - s
strike. In the latter instance, a sample was taken in early Sebtembe; )
in an attempt to cdmpen%ate for the sample fmissed.

. - “A sample of 30 .F. heteroclitus was arbitrarily éhosenréétthe -

. - [

samplé size, to represent a mid-range number between the 15 proposed

by Dggie} (1933) and the 40 to 50 proéosed by Petrushevgkii and
?etrushévskaya’(l960). Consequently fish in excess of this] number were ,

i

_ taken to allow for mortality auring transportation 3nd laboratory

holding. o . . .

The samples were. transported back to the Iaeratory in a manner 1

_— : ' similar to that desé}ibed by Abbéitﬁ(1968). Thé samples from each area
. , ’ T ; .
.were placed In separate polythene b;gs, each containing a small amount

4 L

q{ water frbm that éample area. The |bags were then placed in separate-

, ‘ " polythene buckets, and each bag infl ted,qith'okygén to its' fullest’
. . . ¥ Ll . =
. . P g
extent. The necks of the bags were then tied off, a 1id placed*

o

-securely on each bucket, and the sample transporteduback_to the
A - laboratory by road or air. ' ) ’ L

1
0

A vater sample from each area, collected at the time of - fishingy ‘
; S . \ -

’ -was also brought back for analysis by the Water Analysis Unit of Ménnrialj
I ] : B S | . ’
. . .
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.Uniﬁersitﬁl Specific conductance measurementS'were made using a-

i . .
standardg,Tductivity bridge, and pH was)determined using a Radiometer
M52 digit pH meter. The surface water|temperature was reébrded at
i e - m

the time of fishlng using a standard lab)ratory thermometer.

-

4
On atrivaliat the laborntory, the fish ere ‘placed ib separate,

copoled holdihg tanks togﬂwait examinatign.’ Ceo ing of ,the ganks was

- - - .'|

.B.accomplished by‘use of a commercialﬁgpo ing unlt Lnserted inte the
5 . . A St 1 !
tanks, or by ‘megns of a continuous flow of cuo tap water passing

‘ .
through thin walled plastic tubing in the/tahk . This ldtter hethody

' proved to beaso what unsatisfactory during the latter part cf June
\ ! i
and the month of ~;11\ wheP the air temperatur’s in the labaratory
- P . :
. . ‘ ; .
proved too-high fpr the coolilng s}stem to over¢ome. . .
. {

Autopsy of the fish ommeéced the da§ followipg arrival back )

" at the labor g was g nerally complete within a two-week period.

”7

« early Summer-months (June and July), high pr —autopsy mortality was: *

. for an autopsy éaﬁble fish per samp e area. However, in the

experienced due to failure|to oxygenate thp samples immediately after
(

capture, and 1naPi}1gy to keep the samples“cool during transport and

laboratory holdfué. / .o . - '_Af
Prior to autopsy,ﬁeach<fish was weﬂ hed to the nearest 0.5 gm. -
, ,

: ]
on an Ohaus Triple Beam balance. The total length of the fish was

measured to the nearest 0.5 cm. .The fish Were then autopsied usin "
ﬂstandard parasitologica techniqueé\(Fernanda et aZ., 1972)
Samples of Mon?genea were obtained by agitating 1nd1vidual gills

end fins in 1:4,000 formalin (Putz and Hoffmann,'l963) as wodified.by

2o e R
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'Parker'and Haley (1960). Agitationvcaused-the Monogenea to detach

-

from ‘the éill‘or.fin, whereupon)they’were coilected‘ffbm’the solution . . . .

1

using the flatteried end of a fine hypodermic syringe‘needle, which

proVed to be easier and more efficient than the mounted insect pins

‘ usua?ly employed. The Monogenea were mounted in Ammonium~picrate- )

-glycerin, and- the edges of the cover slip sealed with Noyer's Solution

>

(Malmberg, 1970). In addition to preserving a sample of the host . v,

-~

monogenéén fauna, the total numbers of Monogenea present on the gills,‘

- o ' e b

g
£ins. and body surface was recorded. =~ For recording purposes, the gills

(A .

oﬁ“either'side of the body.ﬁere numbered I-1IV in an antero-postero

direction.

Intestinal heldfiths were relaxed in 1% ethyl carbamate and

o

stored in 5/ f rmalin, followed by staining in Semichon S acetic- .

. A /I . .
carmine (Meyer| and Olsen, 1971) : . 7 . ;;ji

. - / '
’ ' . K

1 Gill m tacercariae were excysted prior to generic'identification .

H i ~

using the method of McDaniel (1966), followed by storage in 5% formalin. . - ¢

e
Yy

/

Attempts were. ma elto determine the specific nature “of the adult form

by orally infecting laboratory goldfish “ducks and mice with fresh,

w

infected gills, follgowed by autopsy at periodic intervals up to b0 days.

Identificatiln of the parasites was ‘facilitated by reference to
R |

- Yamaguti (1963), pilion (1966), Hoffman/(1967). Measurements of the

"% by the American Fisheries Society (1970).

Monogenea follow th%,scheﬁe of‘Malmberg (1970).

Identifiéat%on of the fish was aided by reference to Scott and f

.Crossman (1964), while the nomehclature follows the format recommended

Raw data analyses were carried out by either chi-shuare or .

1

. ' o
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student's "t" tests

. acceptable level of
: 1 N

(Scheffer, 1969),

significance!
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- RESULTS

@
- Al

1. The Host. {F. heteroclitug)

)

* From Table 1 it can be seen that no significant difference

¥

:.(p.> 0.05) occurs in the mean monthly lengths of I. heteroclitus, from

——tD

N
~

the Frenchman's Cove and ggal Cove sampies. Significant differences
(p < 0.055 nre noted between .the mean lengths of the June-July-September

(1) and October—November samples from Clark' s Brook A significant

difference occurs between the May and June—September (2) qamples from

‘

Mummithg Park. The fish from Seal Covo\and Mummichog‘Park have

-M _“’

-
signif%?ﬁntly greater total mean lengths (p < 0.001) . than,fish from the
other areas sampled. 1

[ -
. r
i

The length of the fish wfjl be used. as an indicator of age,: .

_since no method is available specifically for the age determination of

1

F. hateroclztus. According to Hleebrand (in Cullinan, 1945) a Fundulus'

-r"E'p
of approximately 5 cms. is considered t3 be approximately one vyear old
. - \ F :
aTtheugh considerable variation in growth rate due to environmentai

‘conditions will obviously occur. - o o

The numbers of F. héteroqlitus,'in various length classes from

I3

the four areas sampled are shown in Table 2. ;‘

2. The Physical Nature of the'Host Environment ‘3*3{

E Tables 3 aqp 4 show varﬁetions in selected'environmentel

4

. parameters on, an area and mean basis for the sampling period Cyclic

-

fluctuations in surface water. temperature and salinity (as indicated by

-

specific conductivity) are noticeable, reaching summer peaks in'Both

-
-~
Za
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SR . TABLE 1 : _ L Ty
g . ' T : §.
Mean lengths of 7. keteroclitus from. four '
! sample areas on the west coast of Newfoundland, 1973 °. -
© © . . { ’ -7 .
. P - ; Mean Length (cms.)

Sample Area ¥ 2 :

’ ‘ " ~ May June - July Sept. (1) |Sept.(2) | Oct. Nov. wa Dec. Total Mean
- - 4 - - I

Clark's Brook - 4:0” 6.5 | 5:4 6.2 | _7.1 5.3 5 4.9 | 4.9

. . € . . - / 1

Frenchman's ’ ‘ . - ! -

‘Cove ., - 4.9 5.4 1 5.7 6.0 " 6.0 5.8 . § 5.2. 4.8
Mummichog Park| 7.9 44 | - . b2 b - ‘/;, = 5.7
Seal Cove - ° - - 12 10 1 T2 . - ; - R

: . : . . : A .‘ _
+ — = no sample taken. | ) :
, \ \ N
I3 . S - r
e - \ ‘ _
Y . i ‘ .
' \ \ S ¢
. —1 - ’
A o x ) .
f?f’;f.’%’ A N - o ' S
7 e |
.)""j!-‘;‘ :;' . h - ~ . .
o . ? - % 4 i
’ R
3 - i ’ -
- ‘ 7 ‘ 2 - . ‘
‘ - N 4“ | » -

VAR
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N . , .. TABLE 2 , SR . ”
' S o . Numbers of F. heteroclitus )per length class from the four - . .
' N ."“'.' areas sampled during the present study .’ ’ :
« LengCH001a§$ - Lo T Sample Area . .
. (CmS.) .t s "."., v ' 2, . : ) © :
. ) Mummichog' Park Seal Cove Clark's Brook Frenchman's Total
S - T : ' Cove
3- 3.9 14 a 17 6 38
. 4= 4.9 23 o2 63 47 135
T 5- 5.9 17 14 34 63 128
w, Vet 6-76.9 5 76 23— 25 - 79
‘ 7- 7.9 4 . 12 .32 38" 86
8- 8.9 3 21. 13 14 . 517
°9- 9.9  _ < . 6 T 8 7 0 21
- 10-10.9 3 N o ST 5° . C 1 14
11-11.9 4 1 0 5
‘Totals - 79 90 194 194 557
i S y T . -
N ) :
1] A&'
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- TABLE 3 : C
I\ - * 'l ] = : K L . .
Selected env1ronmental parameters;;u ai:cording to month and sample area
l’ -
R ' - - . ¢ Sample Area . /* -
Rad . N T Ao,
~Month . Clark's Brook Frenchman's Cove | Mummichog Park . /;‘w'hs"‘ Seal Cove ‘;;. .
R ¥ : ) ’ . :f‘f'f
(@ | () (c) |-(a) ®). | ko) (a) (b) (c) (@ - | ®) | ()

May - - - - st 14 6.9 | 159| 14 - 7.3.{12,927) 14 | 7.0. 959 ¢

June : 19 7.3 149] 20 | 6.8 449| 18 7.2 |21,068] 16 | -~ | -
* July . | 22 | 7.6 |22,036] 26 7.3 | 9,165| - - - 20| 6.7 | 201

Y : > . . . -

September (1) 23 o 7.5 | 1,591} 21 7.4 | 8,072 - - I - 18 | 7.0 | 2,637
.September \(2)\ "11 | 8.5 |. .786| 18 7.2 12,7;@"6 19 8.4 |25,179| 14' | 7.3 18,553

October 17 |7 7.6 [36,126] 8 | 7.7 |11,529 - |- | - 8| 7.4 {36,126

‘November . 3 7.8 | 8,670} .2 7.6 642 4 7.0 160 3 |7.3 11 910 S

. . ' 3 . . . . { . . . -

' December 0| 8.5} 9,128} 1 7.5 674 - - - 1 -, 2% 7.1 11&! S

R} . i N . : he - : Jl*:

. . P . . } A
(a) = Surface water temperature, °C. (b) = pH.: (c) Specific conductivity,micromhos/w

° “ . . ) . ‘ ) R \

- N .
. -— 13
7 'S
L .
; .
R \ .
g LU . . !
i y ]
a -, R
.‘l
. " - -
. . . . —_
. L . - . . . =y
~ - . : s
. C g \ : ' El
4 \
T . N * -



TABLE 4

-~

Mean monthly'ﬁalues'for selected environmental

™

-parameters (sample areas combined)

Month (a) f?ngWL (03 )
May 14 7.1° 4,681
June 20 7.1 7,228

v . . ‘
" July \ 22 7.2 10,467
September (1) 20 7.3 112,300 «
1
September (2) 15.5 7.8 114,316
October 2 1.5 : 7.5 27,927';- ]

. v }* 3 t
November 3 )4 ~ 5,345 -
 December 1 . 7.7 + 3,659

(a) = Megh surface waﬁer temperature °C. (b) = Mean pH,

(c)‘f Mean specific qoqﬁﬁctivity,micromhos/;ma @ 20°c.
o,

=



.- . o o . ‘ : : : L 18

cases. Little  variation occurs in the monthly pH valués, either within

LA

or between .the sample areas. The specific conductivity values obtained

< Y.

for Seal Coveamay'be-suspeét as to their representative value ‘due to /

the high degree of tidal dciivity experienced in this area, compared to

S - the other sample areas. Lo

) According to Dartnall (1972), a sample is considered to be

o freshwdter I'f the conductivity reading is less than 800 micrdmhos/cm3

- (0;4%), and to be seh-water if the reading is{aq least 47,000_1- : ;5

f

1 micrqghoé/cm3(34.32).

L - 3. The Parasites
&L The host species éxamined, and the metazoan paraéite species
. i P

! . recovered are' listed in Table 5. . |

Sifigle host species specificity was observed in F. heteroclitus - o
- (3 genera. and species of parasite), andbiﬁ Gastérosteus aculeatus (2-
” genera and species). Three genera and spéecies of parasites were common

- . . - .
to both the host families Cyprinodontidae and -Gasterosteidae, whereas

3 genera and specles were restricted to the Cyprinodontidae, and 53

-

I ) .
gédera and spe¢ies to the Gasterosteidae. Such observed patterns of

-

ﬁarasite/hpat"specificity may be due to ecological factors such as the

L “ .
failure of a praspective host and parasite to come .into contact, or to

4

- ] . ' A )

jmmunity on the part of a particular fish species. .
Emphasis will be placed-on the population dynamics of the i lf
méf5zoan parasites'of‘f. heteroelitus, comparisons with other host and . T

o parasite species being made where appropriate.

. ?')‘.

' ' . ' ) .
: et~ e

' l . "R . ) * - o
o f -, - J W . ' 5"‘
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TABLE 5

Details of infection of F. heteroclitus, F.- diaphanus,-P. pungitius, G.-aculeatus -

3

- 1
Y

and A. quadracus with metazoan parasites from Newfoundland

A F. heteroclitus| F. diaphanus |, pungitius G, aculeatus* | A. quadracus /
Species . — - - -
i (@ |[®) () | @ [®) () |(a) |(b) (c# (a) |(b) | () {(a) [(b) }/é)
Monogenea :'.56 6 1-73| 53 3 |1-25| - — -1 = - - - - | - ,/ -
Gyrodactylus prolongts . o
Hargis, 1955 33(x) |- - e e - -i- {- |- - -] - -
G. stephanus Mueller, '
1937 . | C 26 (x) |- - - - | - {12 3 {1-6 | - - - - - -—
Urocleidus angularis - . )
Mueller, 1934, ~ 28(x) |- - {100(y)} -"| - - -1 - - - - - - -
Unidentified .
metacercariae z - - - - - - - - - - - - - -
Homalometron pallwz.w’: j - ' .
Stafford, 19@\gs ,,5 22 1.9 |1-8 | - - - | ~ - -l - = - - - - -
Brachyphallus- cr&atus . . _
Rudolphi,-"1802 ° - - - - - | - 5 (—3111-5|3 {50 |20-80| - | - -
Derogenes varicus g N o
(Mueller, 1784) - - - - - | - - - ! - 4 130 ) 20-50| 20 | 3 2=4
Eubothrium Sp. - - - - = | - - - |- 1.5 1 0-1 - | - -
Proteccephalus sp. 35 ?_.9 1-16; - -] - 1. 2 10-17 5.8} 1.3} 1-2 | 10 | 2 0-2
a ' e - -

61



"

Sy

S . TABLE 5 (Continued)

»

F. heteroclitus| F. diaphanus P. pungitius | G. aculeatus* | A. quadracus * .
’ Species Lot : - A - - : .
B B (@) |®) CCU\ (@) |(®) () (@) |[() |(e)_|(a) () | () [(a) {(b) | ()
& Neoechiriorhynchus rutili|. SR ] : : |
. (Mueller, 1780)- 1 9.6 [1-32| - -1 - |45 5 |1-15| 1.4 9 0-3 {10 (1§ 0~1
Thersatina gasterostei T ? .
(Pagenstecher, 1861) - - - - -1 = 131 4 [1-18{29 [11.9} 1-441 10 | 1 0-1
+ - Argulus canadensis "] - - - - | -1- -] = 1= |11 b—i -1 - -
# Fish exanined ~  |557 - TR 64 69 | | |10

(a) = incidence of occurrence (Z). (b) = mean infestation. (c) = range of infestation.
(x) = based on sample of 45% of total Monogenea. (y) = based on sample of 277 of total Monogenea.

: (2) = common occurrence, no counts made. * = 3 specimens.(4.4%) of G. aculeatus infested with °
Iethyophthirius multifilis. : - C. - . i

-

vt . . Ced L

0z



- .

3. (a). Monogenea Rt S T

Examination of Table 6 showed that'tﬁe 3-3.9 cm. length class
was éigni%icaqtly less . infested (p < O.OS)MthAn all other length

classes. A significant increase (p < 0.001) in the incidence of

infestation occurred between the 4-4.9 cm. and the'5-5.9 cm. length -

1

-classes.,
{

When the monthly data from all sample areas was combinéd

. (Table 7) the total incidence of infestation showed significant ]

2

declines from May to Septembef_f1) (p < 0.025) and July to Septembers

(1) (p < 0.05). Seasonal fncreases were noted from September (1) to

)

tensity of infestation also

November (p < 0.025). ° #he total mean i

J declined frgm May'td J Séptemﬁer (1) to September (2)°
(p < 0.05).
i —'; - ' ’
" Examination of the data on the basis of sample area (Table 8) -

»

revealed seaso;al yariation in the total incidence of fnfestation of
the Frenchman's Cov; samples, decreasing‘from Jane to July (p < 0.01)
’and idcréa§ing from September (1) go.SepFenmeri(ZS (p < 0.025),
‘§eptember (2) to October (p < 0.005) and Oétobef to November (p < 0.03).
Tﬁé Clark';.ﬁrook s;nmlgs showed a deﬁliné‘in the total incidence of
= _ ' infedtation from July to September (1) (p < 0.025).
‘.Similar.flﬁctuations dn the intensit; of infestation were noted

for the ipdividual sample areas, deéreases OCCpffing in ClarkléﬁBrook

',' from July to September (i) (p <.0.025), in F;enébian!a'Covg from Juﬁe;

- :' to iﬁlf tp,ﬂ 0.05) and Jﬁne to September (l)‘(p.< 0.025), and foi

Mummicﬂog Park from May to Juné‘(p < 0,001). An increase'sp& noted'

for the Clark's Brook samples from October to December (p < 0.025).

)

1 o a
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TABLE 6

—

Occurrence of Monogenea on F. heteroclitus by length class
of h’o*ét (all months and sample areas combined) .
l ..

) Length Class # Fish T Infested % Infestation |[Mean # parasites{ Range of
(cms) : . per infested Infestation "
_ fish : .
"3~ 3.9 " 38 14 36.8 4.8 1-16
t4-4.9 “134 66 49.2 4.3 . '1-28
5- 5.9 128 9 7.0 5.5 1-33. .
36~ 6.9 80" 54 67.5 7.3° 1-73
- 7-'7.9 86 -1 62.8 4.1 1-27
: 8- 8.9 50 3% 68.0  § 7.1 1-31
) ) 9- 9.9 21 17 80.9 3 8.5 - 1-31
- 10-10.9 15 11 73.3 7.3 1-24
- 11-11.9. 5 3 "60.0 6.6 - 1-10 -

e

..
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TABLE 7

Occurtence of Monogenea on male and female F. heteroclitus
(all sample areas combined)

May June July Sept. (1) |Sept.(2) Oct. Now. Dec.'
"# fish in sample 29 71 75 86 116 60 60 60
" % infestation 72.4 60.5 62.6 44,1 45.6 58.3 |* 66.6 60.0
’ (1) (43) (47) (38) (53) (35) (40) (36)
- Mean {f parasites per ' '

- infested fish 19.7 8.3 8.3 5.0 2.7 -2.3° 2.8. 3.9
Range of infestation 1-73 | 1-33 | ~1-48 1-31 1-20 | " 1-17 1-8 1-21
# males in sample 14 33 47 44 61 B0 T | 28 34
7 infestation ' 57.1 60.6 68.0 47.7 57.3  |# 83,3 75.0- 73.5

_ - (8) (20) (32) QL | (35) (255 L. | (25
Mean #f parasites per . h l . o
infested fish . e 17.7 = 6.4 8.0 6.3 2.3 1.9 3.4 4,2
Range of infesgétion 1~29 1-22 1-27 1-31 | 1-9 1-5 . 1-8 1-21
# females in sample 15 .38 28 8 42 55 30 32 26
% ¥nfestation 86.6 60.5 53.5 | 40.%& 47.2 66.6 . 75.0 73.0
(13) (23) (17) -(17) ¢25). (20) (24) (19)
Mean # parasites per : ' ‘ g
infested fish 28.0 9.7 9.0 4.1 3.3 2.9 2.2 4.1
Range of infestation 1-73 1-33 1-48 1-24 1-20. 1-17 1-4 1-15

. ( ) = numbers of fish infested.
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g PR
s : Occurrence of Monogenea -on F. nAeteroclitus, agl areas and months
- May June July & Sgﬁtembef (1) September (2) ( Octobe
— . - ‘\{P
()] (b) [(e)(d) (a)| (B) | (&) )| (a) |(B) () (@) [(alF {(B) () (D) [ [ |(e) |¢a@ (> [y
. Wamber of fish if’ , .
. vsample : -129 -{ -{22 {25 |24 {24 23 -{28 |28 {26 | -|32 |30 |30 |26 ‘|30 |30 |30 |
% infestation 72.4 4,5/76 |95.8] 187,513 89.2/50 [3.8] |71.8/86.6(33.3]26.9]60 |40 [76.6
’ : (21) ({19 {€23) | [(21)[(3) (25) | (14) { (1) (23)4.(18) | (10) | (7) (}8) (12) 1(23).
Mean f/’'parasites per R R . e .
infested fish 19.7 2.0! 6.4) 9.5 3.912.5 12,4 2.311.0 6.4} 2,81 1.8] 2.1 ;3.6 1.8§ -2.9;
Range 1-73 - }1-15}1-33 1-13{1-5 1-48} 1-5| - 1-31| 1~9| 1-6| 1-4 1-20{ 1-6{1-17
Number of males K S . ) i
in sample 14 g8 113 |12 15 |12 20 (17 9 18 {18 {16711 {16 (12 (18
%Z infestation = 57.1 - le1.s{100| ls6.6(8.3 90 |58.8| - 61.1194.4(25 |27.2]68.7(91.6(77.7
: (8) (8) 1(12) (13) | (L) (18) | (10) | (=) (11)1(17) | (4) |.(3) |(11){(11)](14)
' Mean # parasites per . 28 " g .
infested fish i6.3 - | 4.0{ 8.2 3.5{1.0 11.7} 2.0{ - g8.6{ 2.7{ 2.7{ 2.3{ 1.8{ 1.6{ 2.2
Range 1-29 - | 1-7[1-22] {1-8 | - 1-27) 1~4| - 1-31} 1-9! 1-6 1-4) 1-4) 1-3} 1-5
Nu.mber of females ) ) . w‘ B
" in sample -115 14 {12 12 .9 11 8 |11 17 114 12 14 15 14 18 12
% infestation =* 86.6 7.1191.6{91.6 88.8118.1 87.5136.3!5.8 85.7[75.0(42.8{26.6}50 61.1175.0
(13) (LA AL ((8) {(2) (7) ({4 (D (12)1(9) 1(6) ((4) (?]w (11)1(9)
Mean {} parasites per . - : ) - SR ¢ '
infested fish 21.8 . 2.0] 9.210.0 4.6{ 3.0 14.7] 3.0|1.0 4.4) 3.0 1.1} 2.0| 6.5] 2.8{ 4..
P [ - - -
Range . 1~73 - 12-15|1-33 1-13}1-5 1-48| 2-5} -, 1-247 1-7! 1-2| 1-4{1-20| 1-6}1-1.
- . 1! ¥ ) . Y .[M" -

¢ £
(a)’= Clark's Brook. (b)

= Frenchman's Cove. (c)

= Mummichog Park. 'Kdi =

F

‘Seal Cove., (#)= Number of fish.
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- TABLE 8 ,
S : .
o Occurrence of Monogenea on F. heteroclitus, all areas and months -
~ 7 . ° -
.Juxlwle _ - 'Jﬁly September (1) SeBtember (2) October November December
@) 1) | (@ [ |G [ @ (@ [®)©]@ [@) [®) [ (@ @ |6) @@ (&) ()@@ |6 @)
- y \ ’ Y - a aE ‘ ' _
-122 |75 |24~ 24 |23 | -|28- |28 (26, | -{32 {30- {30 {26 (30 (30 (30 |--| -{30 |30 | -| -{30 {30 |-|-:
425/76 |95.8) |87.5|13 89.2{50 |3.8] [71.8/86.6(33.3126.9(60 |40 [76.6 - 163.3186.6 60 |60 .
Y A9) ((23) (21)[(3) (25) 1(14) | (1), (23 (18) 1 (10) | (7) |(18)}(12)}(23) (14) | (26) (18) | (18)
.{2.0] 6.4{ 9.5 3.9{2.5.| [12.4} 2.3|1.0] | 6.4 2.8| 1.8| 2.1| 3.6/ 1.8} 2,9/ 2.5( 3. 5.3 2.5
"~ 11-15{1-33] {1-13{1-5 | (1-48{ 1-5] ~ | {1-31] 1-9| 1-6| 1-4{1-20| 1-6|1-17 1-8{ 1- 1-21{1-10
{13 12 |} [15 |12 |- |20 J17 |9 | |18 |18 |16 -{ai |16 {12 {18 | |.{14 |14 18 |16
- [61.5/100 86.6(8.3 | |90 |[s8.8 - | |61.1[94.4]25 |27.2(68.7]91.6|71.7 71.4{78.5 94,4)50
- | (8) @2y "|@3){() (18) | (10) | (=) AL AN @ (3 (anlanas) (10) } (11) (17) {1 (8)
- | 4.0 8.2{ |3.5(t0 (10.7] 2.0/ -7 | 86|-2.7] 2.7] 2.3} 1.8] 1.6| 2.2 1.2{ 3.7 5.4] 1.7
~ | 1~7|1-22] [1-8 | - 1-27| 1-4] - 1-31} 1-9) 16| 1-4|" 1-4| 1-3} 1-5 -1-8] 1-8 1-21] 1-3
114 |12 |12 9. {11 8 |11 17 4146 |12 {14 {15 {14 {18 |12- 16 }16 12 |14
7.1191.6/91.6| |88.8 \\8.1 87.5/36.3|5.8| 185.7(75.0{42.8/26.6|50 |61.1]75.0 56.2/93,7 75 |71.4
(1)](11) {(11) (8) @) (7) [(4) ()], {T12)1(9) [(B) (&) [(7) [(11)|(9) : (15) (9) {(10)
2,0| 9.2{10.0 | 4.6/ 3.0] [14.7] 3.0|1.0] | 4.4| 3.0| 1.1] 2.0} 6.5 2.0 4.0 1.7} 2.6 5.2| 3.2
|- |2-15f1-33) 1-13[1-5 | |1ed8) 25| - | [1-24] 1-7] 1-2| 1-4]1-20] 1-61-17]. 1-3| 1-4 1-15{1-10
Se;l

) = Frenchman's Cove. (c) =~Mumniicﬁog. Park. (d) =

Cove. (#)= NGZLer of fish,



~also apparent on a sexual basis. - : o : -

T 25

B .
i .

. Examinatlon of the data on the basis of sex of ﬁost and

:combining’dll ‘monthly s.amplfes failed to reveal any, significant
difference between the idcidence and intensity of infestation of males

and females. Similarly, examination of.the combined monthly data for
o : : ]
each samplearea showed that only in the fish from Clark’'s Brook was

°

_there any significant difference, males ha¥ring a higher incideénce of

i
- infestation than females, (p < 0.005). e ‘

'On a monthly basis, females wlare found to have a significantly
greater incidence of infestation/ghan males in May.'(M_ummichog~P§1rk,
p <(~).0.25).and June, (Frenchma}x'é Cove, p. < 0.01). Females qls} ”ghow'ed
signifibcm‘\tly greater r‘nean 1ntcpsit‘1es of infestation than males in

June (Frenchman's Cove, p < 0.01), July and September (2) -(Seal Cove,

p < 0.0S).. Male fish showed a signi_fiéantly greatersmean intensity of

" infestation tﬁaﬁ females in Novefnber (Clark's Brook, p < 0.05).

Monthly variation in incidence and mean intensity of infestation were

. . v
. . rd
0 <

. . » .
Seasonal declines. in the incidence of infestation af*the males
occurred from June to July (Frenchman's.Cove, p < 0.025), and -seasoqal

| . ' .
Increases from May to June (Mummichog Park, p-< 0.05), and September

(2) to October (Frenchman's Tove, p < 0.01, and combinéd sample area
T T : .
data, p < 0.05). -Similar _fluctuations.occuged with regards to the

> b 1

- . !

s . - .
females, “veasonal decliges‘ occurring from Jone to July (Frenchman's

4 . . i :
Cove, p < 0.005), and Clark's Brook, p < D.025), June fo September (2)

e

gMuq‘michog Park, p < 0.0058." A seasonal increase was' noted in the’

-

combined sample area data-from Septeiﬁber (2) to October (p < 0.01). .
L ‘ -

[

The mean 1ntehsi;g:y° of infestation of the males showed a declina:-f_rom

L

1

\

~n
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September (l) to September (2) (p < 0. 025) in the Seal‘ Cove samples; N

The distribution of the Monogenea between the gills and Fins'
2 .
showed a significant (p < 0.005) variation, 80.9% (1122) occurring on

the gills, and 19.1% (265) occurring on the fins. No significant
., preferences were noted for the various gill arches on the left or right
DN !

side of the body (Table 9). Arch I/on each side wass=a less preferred

4 [N
site (p < 0.005) than the other arches, between which no signifid¢ant:

preferences occurred In single parasite glilil: infestations no

signiflcant preference was noted for any gill arch (gill arch . 20,47

5o
e

of MOnogenea recovered; 11, 20.6%; I1I, 26.8%; IV, 32,2%).

No preferences existed hetween the incidence of occurrence of
|I ' ¥ N
Monogenea’ on the dorsal, anal and caudal fins (Table 10) The pectoral

\ -

fins were significanr_ly less infested (p < 0.005). , T

4

Analysis of the total mean intensity of infestatlon of each fin

showed,that the caudal fin wa$ subject to~a greater mean, parasite load

-

(p < 0.005) than the other fins, and that the pectoral fins were the

.;q;

least ihfested ofthe dnfested fihs (p < 0.005). L
Monogenea were signi‘gicantly more prevalent (p < 0. 005) on the .
ftns of t%e fish from Clark s Brook than from any other sample, area,

whereas they were the least prevalent (p < 0.005) ‘on thevfish‘from Seal

.

"
*

Cove . . - .
J%v" "\"u, . -

.~

Anﬂygrs of the sample area data showed fish from Mummichog Park

l ° - s

-i:arid Seal Cove to have a significantly greater mean fin parasite load

- . - ? .
-3;};’3 0.005) than fish from the other sample areas. ‘ N :

Microscppig examinatfon of the monogenean fauna of F. “heterocli tus

revealed the ppesence ofir'thre‘e'spe‘cies belonging to two genera, namely

‘Iu
' 1
e
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' Cee TABLE 9 _
N - Distributiom of Monogenea on the gills‘of F. heteroeclitus
- . Gill arch number N .
1 11 111 - v g Tof:al.
3 R [y .‘ 2 v,
_# Monogenea on rights’ J112 159 .. 175 - 140 86
. side (% infestation) - ©(19.1) (27.1) . (29.9) (23.9) (52.2)
. A -
# Monogenea on left 107 128 152 149 5 536
. side (z infestation) (20.0) (23.9) (28.3) " (27.8) (47.8)
' v ) , . s
' Total numbers 219 287 327 289 1122
(Z infestation) (19.5). (25.6) . (29.1) (25.8) -
. N . . . - .
K ',
- .. ‘ . -
) v f 5
}‘ RREY El* ~
5 .~. |
. : .
.y A
i, . t )
3
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. L o - ' < Code dit. }é
. . - \ . o . T
- ) - 1oy ) é’ !’.:\:ié':gbﬁ'“ a *
* f n - Ny s l-:'
) ~ I‘"i}l A, . T
\ . “\‘ ’I\‘TI . ‘_' e E. - _ 5
. L] . _.'. f\\ \‘( o T g )_‘3:-' ¥ . T
/ » ‘ N / Hiag . .
: W \\, o M -
. v !f . . s
Y ""} ii‘M ] ) N - ‘ .
oy s v

Lz

1)



. . _ .
\ T ) , ' : 28 ;
A = o
- AN I TABLE 10, o RN
Lo : . %~ Distribution of Monogenea on -the fins of F, heterocltbus, ' ' ~
. ST S monthly data combined . ’ - -
- o » - -, - :;-*%; o A . 3y \ .
dh * iSample Area . Dor’S&l Anal |Caudal |Pectorals| Total ° J
. R . . : .
t +.Clark's Brook y (a) | 15.4 20.1 17.0 - 38.5
Sy : ) | 30° 39 33 - ‘102
. (C) .'. 1.4}‘ 105 ’—iol'. - ) 2.1 .
) - Frenchman's Cove (a) | 14.4 | 15.9 | 9.2 | 0.5 29.4 ,
. (b) - | 28 31 18 - | 1. 78 Ly R
¢ - - PEIRY R . . = r-;',
' ' (c)“ 108 ) lu 9: 1521 j-%:‘;?rzkuo J 2.5 w‘{s} \'l'_f“'
° Mummichog Park (a) |[-26.5 |.24.0 | 21.5 | "I 1.8 21.9 - -
B , () |21 - |19 | 17 ' 1 58
. {5. _ () | 3.2 | 4.9 | 14.2 1.0 13.7,
N ‘Seal Cove' |, (a) | 10.6 | 10.0 | 10.0 - 0.2 -
’ ' (b) :s?'...“,’:?}\ § 9 ) 27
@ |5 | 2.5 | 3.4 - 3.7 . L
. ‘ Total - * . (@) | 15.7 | 17.5 | 13.8 0.3 -
. . DN ]
o (b) " | 88 98 77 ' 265
e (c) 2.0 | 2.4 | 4.7 1.5 -
: ) . ‘ (a) incidence of occurrence (%).. (b) = # .of‘ Monogenea. -
’ Y (c) = mean ff of worms per fiﬂ. ,i”"? . '
@ ’ ' LT RS ’ ) ? 5
.. ’ 'j‘. A - .
.J",‘J:_ p' -
- b ' 3 r
. \,L' ; . %‘” .- .
) g ) S . :
: ) E ' < "; ’ [ ) “ ,
f
S b ) .
:. ’ -.I
- . f <
..v ) A ' Al .
r‘ .pA i
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Gyﬁodactylus pralowgzs Hargis, 1955; Gyrodactylus stephanus Mueller, .

'q
W

37 and Uroclezdﬁs angularts Mueller/ 1934 Linton (1940) reported

~

;g Gyroddctylus sp. from F. heteroclitus, Hargis (1955) describing G
(... .

‘ftpgolongts from the same host. Williems and Rogers (1971) have

recently redescribed the species from new evidence regarding the

morphology of the peduncular baf{ Hanek and Fernando (1971) established

°

l the Cafladian record for the species by, reporting it from F. degphanus

‘uin‘Ontario.' G prolongzo was«got recovered from F. diaphanus in the

=~ WL - //

present study. The recovery o? €. prolongis from F. hétpraclztus in’

" this survey'represents a new recbtd for the waters of insular Ney=

foundland. !

* Comparative measuremente with those obtained during the present

study’ are given in Table 11. It should be noted thdt in:@ieviOUS work,
r . . A"':"".: ;' . , -‘Jku,

confusion occurs-ds to what constitutes the length and width of the
principal conﬁ@cting bar.
. “ i .: k . ) . .
Gyrodactyius stephanus Mueller, 1937. First described by

i

- Mueller (1937) from F. heteroclitus, the species was later redescribed §

by Hargis (1955) from F. grandié ori account of lack of detail in the . /

original work. . . o

¢

The recovery of-G. stephanus from Newfoundland waters represents -
a Canadian record for the species, while P. pungitius is a new host.

4

Comparative measurvments_are given in Tabie 12, L

It should be noted that a Gyrodactylus Sp.‘was recorded by ‘
Gowanloch (1927) from F. heteroalitus(in=New Brunswick. According Q;.. )
the author, the species did not meet any of the available specific

descriptions, and was supposed to be described.later. However, no such



TABLE 11

$

Comparison of'morphglogical cﬁiteria of Gyrqdbctylus proZongis,'Hargis 1955

"Morphological
criteria

Hargis.(1955).

s

. Williams and
"Rogers (1971)-

Hanek and

Fernando (1971)

Present study

Body length .

Body width (max.) -
Pharynx length -
Pharynx width
Haptor.leﬁgfh
Haptor width

0.348
0.076

10,081

0.0h9

0.022
0.027"

" (0.312-0.376) |.

(670%7-0.089)
( - )
« - )
(0.076-0.084)
(0.064-0,051)

(0.290~0.435)
'(0.080~0.083)
(. ~ )

( i li‘:
"10.062~0.089) . - -

(0.062-0,089)

(0.600-0.696)
(0.084-0.096)

‘4 7(0.060-0.072)

(0.036-0.039)
(0.086-0.110)

" (0.082-0.096)

..10.079’

0.453" (0.332-0.582)
0.075 (0.059-0.100)
0.032  (0.025-0.046)
0.028 {0.022-0.036)
(p.69 -0.081)

0.058 (0.050-0.081)

© Peduncle width «C - C = «C = ) 0.060 (0.051-0.08})
Anchor length 0.075 (0.074-0.076)|  (0.067-0.077) - (0.071~0.076) 0.084 (0.075-0.086)
Basal part length = (. - )« - ) . (0.041-0.043) 0.030 (0.030-0.033)
 Point length -« - ) (0.017-0.020) (0.023-0.025)  |0.026 ¥0.022-0.030)
Inner root length. - < - "C - ) (0.036-0.030) 0.041 (0.035-0.045)
Principal connecting . - Ffif‘a . ; 2
(ventral). bar width [0.019 (0.018-0.023) (0.021-05023) (0.023-0.025) 0.024 °(0.022-0.025)
ePrincipal Gonnecting ' C ' S A “ o :
(ventral) bar length {0.006 (0.005-0.007) 0.009 ° (0.007-0.008)- 0.007" %o;oos-o.ooz)
Auxiliary connecting | : . ’ . '
(dorsal)- bar width, [0.011 (0.011-0,014) (0.021-0.022) (0.014-0.018) 0.011 (0.010-0.016)
Auxiliary connecting ) : “ ' . ’
(dorsal) bar length [0.007 (0.005-0,008)|  (0.003-0.004)" (0.001-0.002) 0.001 (0.001-0.002)
/'} .
S
. , 5&?“

og
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TABLE 11 (Continued)
Morph‘ologi.cal Hargis (19555 Williams and - Hanek and Present study
criteria ~ : Rogers (1%71) Fernando (1971) o
Length of marginal . » h ;e
hook.and shaft 0.041 (- - ) ( - ) - (0.047—0.048) 0.043 (0.040-0.047)
Length of hook - - )|  (0.005-0.007) (0.006-0.007)-  {0.006 (0.006-0.007) .
Length of shaft - - )| (0.033-0,036), (v - ) = - ) R
Length of membfame - | - (. .- L G N « .- 0.024 (0.017-0.035) .~ °
. . . .'-_ ] HR L - ; . .'\.
(#). = range of measufe.ments; all measurements in mm. ‘ .‘: '
- - g R
- s T .
3
. ’ N
.‘*‘ . - ¢ ’.:"".:
- ° w
H.

Yo
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~ Comparison of morphologicallcriteria of G. stephanus Mueller,-1937 .

"o TABLE 12

i

o

‘ZMorpholdgical'crite:ia

‘Hargis (1955)

Pfesenl~study (F= heteroclitus)

" -Body length

Body width (max.)
Pharynx (diam.)

‘Haptor length
JHaptor widéb"
Peduncle ﬁ\ b

Head Organ
Length of Anchors

Basal part length

. Point length

Inner root length

Principal connecting

(ventral) bar width:. '

Péincipal connecting

. (ventral) bar length

Auxiliary connecting

(dorsal) bar width
Auxiliary connecting

0.328 (0.299-0.357)
0.044 (0.038-0.051)
0.019 x 0.016

0.048 - (0.044-0.051)
0.038 . (0,032-0.044)~

0.042 (0.039-0.044) .

0.020 (0.019-0.020)

0.004 T :

10.016

0.001.

©0.015

~ 0.00%

0.347 (0.228-0.494)

0.0600 (0.046~0.104)
0.028 x 0.023

0003 (0.002-0.005)
-
(0.013-0.017)

B
(0.001-0.002)

0.056 - (0.056~0.062)
0.047° (0.037-0.056)
0.036 (0.033-0.042)
0.014 (0.012-0.018)
0.035  (0.03350.041)
0.014 - (0.010-0.018)
0.014 -(0.011~0.017)
0.007 (0.006-0.016)
0.016 (0.613-9;017) -

0.001

0.337 (0.312-0.390)
0.065 (0.052-0.072)
0.026 x 0,024

0.035" (0;034—0;0%7)
0.015

0.011-0.019)

0.014, (0.011-0.017)
0.008 (0,007-0.011)
0.003 (0.003—6.054)
0.016 (0.013-0.020)

" 0.015 (0.014-0.017)

(dorsal) bar length

B

(0.001-0.002)

>

Present study (G. aculeatus)

43



. . - N . v, . . : : @
kY - N §- .
Co R - TABLEALZ (Continued) , o C e
‘ 2 2 ﬁ.i;,;,.z i : . g ¢
e - B : .
Morphological criteria . Hargis (1955) Present study (F. heteroclitus) |Present study (G. aculeatus).
‘Length of marginal hook ° . . o . ' >

and shaft : - ’ ~ ) . 0.022 (0.020*0.025?ﬁ" 0.020 (0.020-0.022)
Length of hook _ - : 0.004 (0.004-0.006) | 0.005 (0.004-0.005)
. Length of shaft . ~ - : . L o= ‘

_ Length of membgahe T - -0.013 (0;012-0.017) ~ -

1 . . a4
. R .

(#) = range of measurements; all measurements “in mm.
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later description appears to have been made.

N
-~

Umcleidus angularis Mueller, 1934. The specles was originally

described by Mueller (1934) from 7. dl.aphanuu. \\

1

’I'he present recovery from F. heterocZLtus constitutes a new

._,__-..

host fecord. The occurrence o.ﬁ-_this parasite in F. d‘liaphanuﬂ from

w#
e

Newfoundland waters represents a Canadian record for the species.

Comparative measurements are given in Table 13,
. : . : [ .-

A significant difference existed (p < 0.005) between the total
incidence of occurrence of G. atephanus and U. angularis. No significant

difference in incidence of occurrence existed between G. stephanus and

. G, pr-oZunqu' (Tqble 14).

In the Clark's Brook sample, G. stephanus showed a significnntly
grea.ter incidence of occurrence tiian G. prolongis (p < 0 005), whereas
in. the Frenchman's Cove sample, alth_ough G. stephanus was s‘ignificant.ly'
more frequent in occu'rrence than G. prolongie (p < 6.005), there was

no ‘significnnt diffexjenjce in Tncidence of occurrence betwéen G. -

PR i

-s8tephanys and U. angquelaris, In ’ﬁhe Mumichog Park -ée;l;le, G. prolongis

and /. angularis were significantly more frequent in occurrence

-~

(p < 0.005) than C. stephanus, whereas in the Seal Cove samﬁle, u.

- angularis occurred more frequently than G. stephanus and G. prolongis. .

Examination of Table 15,sho§eii that for . prolongis and"l.

angularis there were well defined seasonal incidence cycles. G.

[y

‘prolongis sﬁbw’e_d a significant decline (p < 0.005) from a spring

- maximum in May to a2 summer minimum in early September, f‘ollowed by a

. . -

significant increase in incidence to a fall ué"i'imum in October ‘(p < 0.01),

-

. Ry ) ®
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, _TABLE 13

[

/

35

Comparison of ‘morphological criteria of U. angularis Muelier,‘r934.‘

.Morphological' criteria

Mueller, 1934

Pregent'étudy

Bogy length

.- Body width "

Pharynx (max. diam.)

. Haptor length

Haptor width

~ Peduncle

Length of Anchors
Lengfh,of Basalfba}t
Lengthvof'Pdint
Length of Innér~root

Length of connecting

bar

* Width of coﬁnecting
- bar '

Margiﬁg&@&qpksgand
shdft Te N

,‘.,r'{.
. Margiral hooks length

(0.260-0.420)
(0.069-0.075)
.0.025

0.019

0.387
0.070
© 0.026
0.044
0.072

0.052

0.022
0.012

- 0.008

0.006

10.003

0.022

0.015
0.003

(0.286-0.442) -

|
(0.052-0.088)
(0.020-0.030)
(0.037-0.050)

(0.062-0.093)

(0.046-0.062)
(0.022)
(0.010~-0.013)

'(0.005-0.010)
(0.005-0.010)

r—

(0.003-0.005)

(0.020--0.027)

.(0.015)

(0.003)

i; All measurements in mm. 2.

represent .range of measurements.

”

5 . v
Figures in parentheses -.
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Occurrence of three species

~

TABLE 14 -

~of Monogenea from four’Sample areas, monthly ddta combined

4'~

Séﬁpie Area # Ménbgenea G. prolongis G.:sfephanus U. angularis

) in sample ' - ) ‘ 5

- . vl

@ -{- & |- (@ (b) (a) (b)

Clark's ‘Brook 183 28.5 52 “71.5 7. 131 - -
‘Frenchmai's Cove 137 24.0 33 60.5 83 15.5 21

. . Mummichog Park 179 56.4 101 7.8 14 3518 - 64
Seal Cov® ) 111 16.2 | .18 5:6 |- 6 | 78.4 87

" Total - 610 33.4 204. .| 38.4 |- 234 28.2 172
= o ,n;;#‘?.

-

N
1=

W "
14

SR

»”

(a) = incidence of occtrrenqe (%) of parasite in monogenean sample. (b) =

# Monbgenega. -

-

' 9¢
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SR TABLE 15
C Monthly occurrence of three species of Monogenea from four sample areas
$am'?1e Area May June. July Sept. (1) Sept. (2) . Oct
) {@7]® @] @ [@|m] @ [@]@[®] © |[@ @ ]|®)|©|@ @ }|®)]E ||
Clark's Biook -1 -1 -] - 1l -1 1| -|30] 3| 27 -] 9o 1| 8| -|38|1r{27| -|24}10
, - (100) (10){( 90) [ (12)!(88) N €11 (@28 1 - |2
Frenchman's Cove - -] -] - 129} 4} 25 |.-| 1} - 1] -} =L -1 -1 =7 6| 1] 2|.26] 7
. ; ) (14){ ( 86) ' (100) (50)(17H(33) (14
Mummichog Park 106|89 [11 | 6 69{12| 27{ss5| - =" < | =| | =| -} =] 4| =}-1] 3] -] -
' . (84){(10){(5.6) 17y ¢ 3) ((80) . - (25)(75) . )
Seal Cove - -|"-1] - - =1 -] -] 66| 9 - |s571 29 1| -128) 26| 8| 6}12| -f -
' o (14) (86) (4) (96)} » [(30){(23)|(46)
Total 106{89 |11 6 99|16 | 728 |55 . 97|12 | 28 | 57| 38| 2} 8|28 64l22]35|17} 50|17
: , [(84)(10){ (6 ) (16X ¢ 28) [(56)] ° |(12)|( 29) [(59) ¢ 5{21)l74) (30)[(47)}(23)} &, |(34
- .- . , . - - -
(#) = incidence of occurrence (Z)._ (a) = total number of parasites examined. (b)) = Gyr'oda.ctylys prolofig_is:
T ; lﬁ
; | T, ,
rt - .
(S o,
2 h . i ‘\'
..',_'\' ‘
. ) Ih "z‘
~ Lok : £
< o r
1 -
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| 7.'\:-_»\‘ - TABLE 15— N .‘ v ‘ - . . ' . t | . . 1 >
M'onthly' occurrence of three speciescof M;)nogenea from four sample areas 4 AT o -t e .{"'n_\.
Wy - June ‘ ’ ‘i.i,ply Sept. (1) '\ _Sept. (2) Oc'to\t.:er November Dfacemb’e;' i _
i(C) @ |@|®| @ (d) @) [(b) | (&) |(d) (a) (b) (C)_ CIOHOHONE! (a) | (b) ?C‘) (@) @) )| () (d)'.(a) ®) || -
-l - af -] 1) -{30] 3] 27] -] 9] 1) 8} —|3811]27] -] 2 1@ 14| -|30]13|17] - 52|14 }37] -
© 1(100) (10){C 90) (12)|(88) ey oy (&%)(58) ) (44)((56) T1(27)((73)
<17 = Ja29f 4f 2s | -} 1} =] 1} -] =)= -] =] 6| 3] 1| 2f26] 7|14] 5|44 7|31| 6| 31{12|11| 8.
' (14){ ( 86) ) (100) | 1o ©|(50){(17)((33) (14)|(86) (16)/(70)((14) (39)(25)|(36)
16 -feof12f 20ss| -f = = =] = =} =] - &l =} x| 3}~ =)= =) <= -1 - -|=
(10)(5.6) | | (17){C 3)|(80) ’ . (25)[(75) ol T -1 AN
- - 1=l - -6 9 -is7)29).1| -(28] 26| 8 6f12] ~| ~| =) [ == - 4] =] -] - R
' - . (14) (86)f i€ &) (96) "(30)(23)(462 e ’ v
116 199|16] 28 55| 97|127] 28 |s57]38) 2| 8|28 64|22{35|17| s0|17|28| 5| 74[20 (48| 6| 82|26 48| 8
(106 ) - |(16)[( 28) ((56) (12} ( 29) ((59) ( 5)(21){(74) (30)(47)(23)i (34){(56)((10) (27)[(65)(( &) f32)(58)(10)”

urrence (%). (a) = total number of parasit;s examined. (b).= Gyrodactylus pquO{zgis. (c) = GL's_iep“h&nus. kd) = U, ar;gularis ’
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between May and November. It is possible that the insignificant

o,

[

1 ' . 38

W

P
.

-~ yrangularts showed " seagonal maximum incidence of occurrence in early:
N n‘ ' o

. l 0.~- 2 .
September, ‘declining to seasonal 'minima in May ($\<\8:001)'and November
. : v : . - : .

\‘lra\ .

(p < 0.001).

T,
For G:lstephanus, a significanx increase (p < 0.005) occurred
L . s

~

decline between the Novenger'and December populations may have ‘been

.t

thé beginning of a winter decline to Ehe'May:inciance level.

o > )
~ Examination of Table 16 failed to reveal any seasonal .cycles

[ ——

in the incidence of occurrence of embryos in G“ prolonqz and G.

stephanus. Similarly, there were no significgnt differences betweén

tne_ineidence of occurrence of embryos on a monthly basis, with the\

Y

exception of the December’samples where G. prolongzs showed a

significantly greater incﬁdence of occurrence of embryos than did G.
P e

[
i -

stephanus (p < 0.025).

- o

Y
X .’,

Significant site preference on. the host was noted, G\Q§ﬁolongbs

preferring the fins (p < 0.0QS), wnilst, G.'st@phanus andlU. anqularis

exhibited a preference fdr’the gills (p < 0.005). ' G. prolongir showed

. * 1eqs preference for thc "dorsal “fin than for the anal and caudal fins-

had -
N o -

.

I

Tp < 0,05), there being no preference between the latter. G, stephanus .

‘and U. angularis did not show a preference for any particular fin or
"~ ‘?‘;'-..

gills (Table 17). : o : e

4

Frpm Table 18 it can be seen that significant monthlyxd;fﬁerences

<

exfated (p < 0.001)\ between the freqﬁenb& of occeurrence of Monoéénee,on.

Y
A

the gills and fins. 'In Hay and June, the fins showed the highest'.

incidence of lnfestation, whereas in the remaining months the gills

e

were more frequently infested.

oy B . . N

e AT
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e . TABLE 16 | - |

Variation in monthly occurrence of embryos in two species of
Gyrodactylus. from F. heteroelitus, all sample areas combined

-

T T T R T R T T I ST T T TR

. Month G, prolongis . G. stephanus

@ | o © @, | ® ()

May 8. | 54 | 0.6 1| .8 72.1
June 16 | 11 -68.7 _|. 28 13 46.4 " -
July 12 8 66.6 >&\ 28 | 16 57.1

Sept. (1) 2’ 1 | 7s0.0 f .9l 6 66,6 -2 "
. Sept.(2) 22" | . 15 68.1 35 22 2.8
. Oétober 17 | o9 | 329 28 15 | 535 7

Novémber | 20 ;%] 13 .-| 65.0 48 27 0| S6a2.
December 26 . |7 2% she | < B . 26 541

"Total | 204 |' 133~ | 65.1~ | 235 | 133 56.5

LY

‘ (a) = # worms examined. (b) = # worms with embryos.

(c) =7 worms with embryos. . oy <
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gt i . TABLE 17 o :
b R Site preference of three species of Monogenea on F. heteroclitus from fou; , L,
' . sample are? in insular Newfoundland - -~ 3 . i T e
. wmepe : SEC RS - ——-::-‘ '~ g =/ = - i ._. .“4.'\;‘8-.
/ Nufnber // 4‘ o . : .’ v
Sample Area Monogenea| ~ Dorsal fin Anal fin Caudal fin .. Gills
: in sample ' - - ;‘,' : -
' (a) M) | () | () (b) [ ()| (@) 3(‘b) ()] (@ | ) (c)
: LI
Clark's Brook, . 184 10 |5 - |20 4 - 22 o | -] - 114 -
‘ T ( 5.4)1(2.7) (10.8){¢2.1) (11.9)| (4.8) (61.9)

. Frenchman's Cove | . 133 |13 |4 |.- t12 |7 =175 - -3 |e8 |21
i (9.7){(3.0) ( 9.0)((5.2) ( 3.9 1(202) 1 (51.3) | (15.7) -
= - . » . X . , ::’.
’Mummchog Park 176 | 17 - 12 130 - |- |53 1,4 13 59"

-0 0 109.8) (1.1) |£17.0) (30.1)] (0, 5) R £0.5)1( 7.3)|(33,5)
Seal Cove 1) 120 b | - - . 6 1 -1 & o= -1 5 97
al - € 3;0) ( 5.0)((0.8) ( 3.3) (0.8)|(,4.1)(80.8)
—niE ~+ N ~—
Total “1 7613 a6 |9 |2 |68 |12 |- |8 |10, f|-|s |20 |177
1 A4 C7.5)((1.4){(0.3)(12.0)|(1.9) .1 (13. 7) (1.6) (0.8) (3336)}\ (28.8)
. . : . TF 14
(#) = incjdence of occurrence (%) in Monogenea sample. ‘. (a) = Gyrodactylus pmlongﬂs
() = . stephani(s. ' (c) = U. gfgularis. . N - . . .
rd 4 ~ '.. g,
e |
o : A T
/‘ ; :| N : e \
. /: e . . ~!2p. i
i '1' '// - \ A
» .8 _ a AN
. “: '
eﬂ A ° & e 8 s
14 - . . =
~ ) - » ae \‘| a4



e 3

Y =
= -
..‘ : :.‘ b
2 s ' . ) . oo -
S ’ TABLE 18 - . .,“i
L 1‘ .
Monthly. dlstribution of Monogenea bn F. heterocl* tus wi;:h regard to variatiom in mean
environmental temperature (data frpm all- samp‘\le areas combined) )
A . —~ g,«' - . -
Month Mean °c. .G111 Monogene‘}i I-"‘in~ Mdnogenea Total :
> 1 A . . ﬁ
. * o ., - - N NOF i *. -
- May S 14 74 4(17.9) 341 "(82.1) 415,
. June” 20 '75-(35.0) £ 139 - (65.0) 214
CJuly .22 0349 (82.1) 76" (1729) 425,
°  September (1) S .20 160  (90.9) 16 (9.1)° 176
September (2) 15.5 106 ° (61.6) 66 (38.4) 172
. October 7.5 67 (61.4)- 42 (38.6) 109 -
'November - 3 89 (70.6) 36 . (29.4)- "126
December o0 115 "(58.9) 70 (41.1) 185
. . o e e “'-,,'" N v
. (i})f = incidence of occurrence .(%). ! ‘ S
;
L _ -
: i ' | ,&’.’0 | .8
. . ¢ : ) & )
" - "

1y



and the preferred site of iife taticn,

42

23

NO'patterﬁ'gxisted 'ith\regsrd E@f%he mean water temperature

[
s

' Examination of Table 1§ showed that G. pfolongis exhibited

‘minimum incidence of occurrence in the 3-3(9 cm. and 10-11.9 cm. length

-infestation,

-did not.show any significant trend,with increasing length of‘hasf. .

]

classes'(p'< 0.005).and maximum occurrence in the 3-5.9 cm, length

class (p < 0.05). G. stephanus showed minimum infestation in the

3-3.9 cm. and 9-10 9 cm. length cissses (p < 0 005) and maximum .
% ' )

.‘“infestation in. the 5~5 9 cm, length class (p < 0. 001). In I angularis,.'

- - &
~

LY e ‘_;_ s

the 3-3.9 cm,, Z— .&cm. and 9-10.9 cm. host length classes were least

infested (p < 0.005) whilst the 4-4.9 cm. length class showed maximum _
- \{'._'. - \ . -y

g

The mean intédsity of'infestat{on with each sgecies of Monogenea

However in the case of G. prolongis, the 9-9.9 cm. and 11-11.9 cnm.
lengtﬁ classes were more heavily infested (p < 0.005) than all other"

length classes. - : ' : : ~ ' _.‘ -

3 -7
g

W

3. (b). Digenea )% .
"

’ 'A. Metacercaridge. Encysted_Mgtace;carias were frequently found

on the gill f{laments of F. heteroclitus from Frenchman's' Cove gnd
Mhmmichog/?ﬁrk Fish from fhe 1atter area were more heavily infested
Identification of the excysted metacercdriae was not possible

dhé to.distortion and poor preservatiqn. No adults were obtained frOm"

. the experimentally infected hosts.

t

- . Stunkard and Uzmann (1955) found the metacercariae of Ascocotyle

L

(Phagicola) dLnLnuta Stunkard and Haviland 1924 to be encysted iny ﬁm‘;
&4.‘.

’ o
.,
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) -_‘r:." © TABLE 19 _ ,
_ - 0c¢urrence of ‘three ’ spec1es of Monogenea on F. hetorocat‘us by length
i : “class of host, "all month-and sample area'data combined
LN ' . . - - . .
.. . , - . 4:.» . N . . ’, . , s
- Host Length G. prolongis - G. stephanus .U. angularis
Class (cms.) - -
R / (a) (b) () | (@ (b) (c) (a) B> | (o)
. -39 4. 5 | 2.6 | 1.6 {- 7 | 3.3 | 1.7 & | 2.3 1.3
4.9 17 8.8 ;| 1.2 36 | 15.9 | 1.7 51 | 28.9 2.5~
5.9 - 51 | 26.4, 2.3 |. 73 | 32.0 1.8 3% | 19.3 2.0
6.9 . > | 16 | :8.3 | 1.2 | 37 |16.3 | 1.7 | 28 }|15.9 ; 2.1’
‘7.9 ] 38 [ 1977 | 1.9 .|l 30 | 13.2 ‘T 1.4 9 | 5.1 | 1.8
gio” " 23 - 1?9 2.1 | T32 141 | 2.3 26 | 14.8 3.2
-9,9 - . 32 | 1s. 6; 46 [P 1.7, ] 1.0 13| 7.4 2.2
10-10.9 - 6 | 371 2.0 8 3.5 | 2.6 1L | 6.3 3.6
11-11.9 R - '2.6—’2 5.0 - V- - | -] - -
(a) = ndhber of parasites. (b)-. ﬁ incidence of occurrence (/) -{(c) = mean intensity of
infesnation - i :
_\ * ,:’.: -
- FEVIRT
& e , i .
a - L ,-{1' L-.
n: - l - s
LAY
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gills of F. heteroclitus.. The adult forms were previously found in the: .

N
v

intestines of wild rats.(Stunkard and Haviland, 1924). - Yamaguti (1971)

-statee that 4. (P.) diminutd is synonymous w}th\l-"hagiicéla angrensis

o4 L (Travassos, 1916).
1illis and Nigrelli (1965) fed infected gill filaments from

F. heteroclitu’s to 'various hosts, and in each case recovered, after

h ~ \, t

thirty—five days, adult Echznochasmus schwartsz L, which had previously

[

J';.: ‘ .27 _been reported from the muskrat and dog (Price 1931) in areas where '

, °

the final hosts have access3go bodies of water of verying salinity. ' a

“The parasite. is said to possess a natnral epryhalinrty'an& lack of nost B v’

o

specificity, . . ‘ o

<

.Unidentified metécercariae were reported.from the'brain of e

‘ F. heteroelitus by Abbott (1968) None were found ia-the same

location in the present study.

M . [ 8y

) , l, . » @' :
, . o'

B. Homalometron pallidum Stafford, 1904. The recovery of this’

_— .parasitevfrom the intestine of F. heteroclitus from Frenchman's Cove,

Mummichog Park and Seal Cove represents the first.record of the species

«

. - -in Newfoundland waters.
' : . \ . , . “
" The genus HomaZamatran was erected by Stafford (1904) te contain .
. ‘ 'a new Specics, i. paZthum from the intestine of F. heterOCZLtus from

. |
’ WOodYs Hole,IMassachusetts. There wae no description or figure in his

i '. original report.;the species designation being based on a description

and*figure by Linton (1901) of. a Dzotomwn Sp.- The naterial from
Stafford s collection was 13ter redescribed by Miller (1941). Manten-

(1926) reported H. pallidun_in F. heteroclitus ,from Maine, while

N AP . A
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Fantham and Porter (1947). reported it front Nova Scotia.x

Stunkard (1964) discussed the historical background and the
systenatic problems assoclated with the genus, and 1dentified the life
cycle of ch} epecies. The Ianal’stages occur in.the bivalve '

Hydrobia minuta, the metacercarial stages being encyqted in the

gastropod Gemma gemma, and H. minuta. G.. gemma does not however occur

‘differ from those of previous authors, parficularly in the overall .

in Newfoundland waters (D. H, Steele, pers. comm. 1974).
Tahle 20 detalls, comparative measurements for the speciled,

The'measurementeepbtained for -H. pallidum in the present study .

body dimensions and the dimensions of the genitalia. This may be due

to the' fact thet gince the host is at the 1imits of its recorded.

il

geOgraphic range, environmental conditions such as water temperature'
.
nay be below that required for optimum grthh and sexual develepfént

of the paraﬁite resulting in smaller individuals than thosé from

warmer'regions. It 1s also possible that the local population of H,
paZszum'may represent a smaller race of the parasite peculiar to this

area, and infecting a particuIar race of F.- heteroclztus. According
to (Brown, 1957) extensive recordings ‘of structural variations of F.

-

_heteroelztus aver its zoogeographic range are 1acking,‘but would be

e

_valuable in cdnsiderations of intrageneric subspecific designations.-w

Kok Leng Tay and Garside (1972) have found evidence of meristic

‘"variations in F heteroclwtus from Sable Island and mainland Nova Scotia,

!

[

which they attribute to salinity variation in the areas sampled.

Examination of Table 21 showed a significant decrease in the,

°

: total incidence of infection from Sepnember (2) to October (p < 0. 05),

-"’,

" TR
"
Ty

s

-

@l

~.
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Comparison of'mofpholpgicél criteria of . paZZidum~Stafford, 1904 % ..

-

14 &

[~

. “TABLE 20,

l

‘ol

._‘_I
AN

-y

Je

Morphalog,ical Author A
criteria - s -
: ‘Linton, 1901 “Linton, 1940 Miller, 1941 . Present study
Body: length , 2.72 2.99 1.90 1.56
.Body width . ’
.(at acetabulum) ', 0.89 0.70 4 0.50 - 1 0.25 .
Oral Sucker ' - . - ‘
(nax. diam.) 0.26 . 0.26 | 0.18 0118
Sy T
Acetabulum - . D l . o
(max. diam.) . dh29 . 0.27 "0.23 0.41
' Pharynx.length . - . *0.12.- 0.095 & 0.10
Ovary (max. diam.) N 0.21 - - 0.12 -
_.Testes ) = '0.33/0.39 . - - 0.17/0.14
Egg size 0.11/0.07 - 10.92-0.11/0.54 0.11/0.06 -

9.
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; ‘ " TABLE'21 -

Occurrénce of H. pallidwm in male and female 7. heteroclitus

0

) May June. .July Sept. (1) She_‘pt. (2) Oct. g Nov. { Dec?
“# fish in sample .| 29 49 51 | 58 86 30 30 . 30
% infection | 37.9 | 183 . 5.87 | 18.9 23.2 3.3 36.7 46.6
o (11) X (9) 3) 11 (20) L - 1y . (14)
Mean # parasites .” ) N
per infected fish . 1.5 L4 1.6 1.0 | 2.4 1.0 . 2.0 2.6
Range of infection 1-4 1-2 12 | 1-4 | 1-7 -1 | 1-3 | — 1-8
# males in sample . 14 25 . 32 27 43 ) 18 14 15 .
% infection . 35,7 12.0 10.0 7.4 20.9 5.5 21.4,: 17 53.3
S (5 (3> (2) -(2) ) (1 Mh/ﬂ,f/(37 (8 -
Mean # parasites 1. ‘ - -
per infected fish 1.6 1.3 1.5 2.2 . 2.9 1.0 , 1.7 2.0
Range of infection 1-4 '1-2 1-2 |- 1-4 1-7 6-1 | 1-2 1-4
_ # females in sample .15 24 19 31 . 43 12 16 - 14
% infection 40.0 26.0 | 12.5 |-. 3.2 | 25.5 - 50,0 | 40.0
’ 6) (6). (1L ] (1L (1) i - (8) (6)
Mean # parasites ' ; . “
per infected fish 1.5 5 1.5 2.0 2.3 1.6 - : 1.9 3.0
Range of ‘infection - 1-3 1-2 0-2 |. 1-4 1-4 = -3 '} 1-8

{(#) = numbers of fish infected.-
"Jv:.‘\‘ . > - r

W " ‘s
f. . N ' -
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and a significant increase from Oétober to November (p < 0.05). A ',

. . ) ’ . ] ) .
significant increase in the incidence of infection of the females -

L,

occurred between September (1) and September (2) (p < 0 025). 3§a;=
v "~ other. significant differences were noted |
.". Examination of Table 22 showed that for the September (2)
i m-! samples, the fish from Frenchman's Cove had a“lower incidence of
LT infection (p < 0 05) than thos.e from Mumicl:og Park or Seal Cove..
However, the total meen intensity of infection of fish from Seal Cove °

was signlficantly greater (p < 0. 05) than Mummichog Park and Frenchman 8
Cove. N
t.ﬂ;' i .Table 23 tevealed the.lO—il.é cm, hoet length class to have . -
; é,signifipantl& greater ‘p < 0.,005) incidence of 1nfectipn than the
;—ﬁ.é cim. length class. No signiticant differences in the mean :' -
'1ntensity of infection per fish were‘detected: A “ ' |
. Analysis -of Table 24 reveeled'no significant differences in
PR . '_fllmenthly’mean patasite lehgth,'dr ih]the percentage'of parasites with
':1A.. eggs. ’

3. (c). Cestada

s - N - —~ L .
. .'. hd 8

S e A, Proteocephalus sp. Immatuie Proteocephalus sp. wetre found

in the intestine of F. heteroclﬁtﬁs and the Gaéterosteids examined.

Due to the lack of sexmally mature individuals,'it“was'not possible .
R . .4 1 e
. to identify.the parasite to the specific level. !
R /
‘ . _ Measurements of specimens recovered from P. heteroclttus during

s
—

the present study are as follows' Body length 1.47° mm, (0.36-6. 18), ' T N

3

‘:,. K maximum body width 0.16 mm. (0 08-0 36) maximum scqlex width '0.19 mm.

4.




TABLE 22

Occurrence of H. pallidwn in F. heteroclitﬁs, by month and sample area

i’ . May June July Sept. (1) Sept. (2)- October Nove
Q (a) | () | (c) (a) | ®) | ()| (@ | ) () | (@) | )| ()| (a) )| ()] (@) (B)| (c)] (a)
# fish in sample - |29 - 125 |24 - 123 - 128" {26 - 132 - 30 |26 {30 |30 - - 130
% infected - {37.9] - - 37.5f = - - 139.3} - - 134.3] 6.6126.9136.6| 3.3} =~ - 136.7
A ) : 1 (9 (3) an @@ (7 (1) ;1. (1D
Mean # worms per infected N N I ' ,
fish 151" 1.4 '1.6 2.2} 1.0| 1.4] 3.5 1.0 .1 2.0
Range of infectibn 1-4 1-2 1-2 1-4] 0-1| 1-3| 1-7} 0-1 1-3
# males in sample ° - |14 S 13 12 |t - |12 - j20 |9 - |18 {16 |11 ‘{16 {18 - | - J1s |
.% infection - 135.7) - | - -{25.0] - | - | - l10.0{ - | - |11.1} 6.2|18.1{37.5] 5.5{ - | ~ l21.4
‘ ' ' (5) 3 (2) 2) | [(2) {6) [ 3
Mean # worms per infected ‘ _ _
fish ‘ 1.6 1.3 . 1.5 2.24 1.0 2.0| 3.8] 1.0 1.7
Range of infection 1-4 1-2 ‘ 1-2 1-4| 0-1} 1-3} 1-7| 0-1 1-2
_ {f females in sample - {15 - (12 |12 | +_|11 - {8 (17. - (14 {14 |15 (14 |12 - - |16
% infected - l40.0] - | = |so.67"-.]| - - |12.5] - - | 7.1] 7.1|33.3{35.7| - | - | - |50.0
; Y (6) (6) - €9 (1) () 1 (5) [(3) : (8)
Mean i worms per infected -
f£1sh ' : 1.5 1.5 . 2.0 2.3| 1.0| 1.3| 2.2 1.9
. _Range of infection 1-3 1-2| T 0-2 1-4| 0-1{"1-2| 1-4 1-3

(i#) = numbers of fish. (a) = Fréﬁcﬁﬁan's Cove.

fC)

Seal Cove.



Occurrence of F. pallidwn in 7. hetercciitus, by month

'TABLE 22

e’

>

and sample area

May June July Sept. (1) S.epé. (2) October November December
, - :
@1®) ) @] B )] @] 0k @] b)) @b )iy ®))(]@)]®)il)]@]b)]l)
- |29 - (25 |26 | - |23 - |28 |26 - |32 |30 |26 (30 {30 - 1 - |30 - | - |30 - | -
- 137.9] - |~ 137.5{ -~ | - - 139.3} - - 134.3]| 6.6(26.9(36.6{ 3.3] - | - 136.7| - | - |46.6] - | -
(11) 9 |,. (3) (1D 1) () AD (1) (11 (14)
. i . L. .
1.5 l.Q 1.6 2.2 1.0 1.41 3.5¢ 1.0 2.0 2.6.
1-4 - 1-2 1-2 1-4| 0-1] 1-3! 1-7] 0-1 1-3 | 1-8
- |14 -7 l13 J1z |{7- 12 - j20 |9 - {18 16 {11 {16 |18 | - | - |14 - | - |15 - | -
- 135.7) - - |25.0] - |- 10,00 = | - 111.1] 6.2]18.1{37.5} 5.5! - | - [21.4] 53.3
(5) (3) e @ [ [@ le© fo ! 3) (®)
t ' / .
1.6/ + | 1.3 ‘1.5 2.2 1.0f 2.0/ 3.8{-1.0 1.7 2.0|
1-4 "} 12 ) 1-2 1-4| 0-1} 1-3} 1-7} o0-1 1-2 1-4
- |15 - (12 |12 - |11 - B {17 - |14- |14 115 14 412 - - |16 14
- 140.0{ - | - [50.0] - | - - |12.5} - - 1 7.1] 7.1[33.3]35.7] - - | - [50.0 40.0
) ©) I’ 6) |- (1 (I {1 {5 {(5) (8) (6)
1.5 " 2.0 2.3 1.0| 1.3 2.2 i 1.9 -
1-3 - 0-2] . T1-4] 0-1] 1-2| 1-4 , 1-3 -

(a) = Frenchman's Cove.

(b) = Mummichog Park.

“a &k‘!
5,

d
<

(c)

5
-

Seal Cove.

ot
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* TABLE 23

Distrlbutlon of H. pallidum in various length «¢1asses of F. hetororlztus,

months and sample areas combined °

’ Length .class # fish in # infected Z inféction # worms mean { worms ‘per
" (cms. ) class- - _infected fish -
- 3- 3.9 38 2 5.2 2 1.00
4- 4.9 135 12 - 8.8 o2 1.75 -
5-5.9 128 2 T 20,3 - 53 2,03
" e 6.9 79 12 15.1 ' 23 1.91
7- 7.9 86 /10 11.6 S 2.10
8- 8.9 51 8 15.6 25’ 3.12 .
L 9-9.9- ! 3. W2, 3 1.00 -
10-10.9 -‘14" 5 35.7. . 8 1,60
11-11.9 5 2 - 40.0 ‘4 7. . 3.50

\

(419



v TABLE 24 -___;A_i_;iﬁ_Q- .

Monthly var?htion-iﬂ‘mean lenéﬁh?ﬁmmpj énd*feéundii{#éf H. fdilidhng L

»
T,
o~

3

measured

(mmd )

€eggs

‘e from F. heteroclipus, -all ‘sample.areas cbmbined
" Month ) t # worms’ Me&n'length' " # with eggs * = # without % total with
¢ - . *

eggs .

May’L o

June

-

.July
" "September (1)

15
. .9
jh

16

1.75

1,51

0.99
l‘ 35
1.68

17

21
11
4.
14
24

L 4106

440
35.2.
- 20.0.

4000

September (?) .20

A . .. i R kS {
October : ‘ 1 0.63 .} eowy 1 ' 1 - - 50.0%
o : Fb o ,
. November - ' 16 | 1.48 SO T 19 < 321
December U271 ey dl2n T .17 ‘ 28 . 37.7
. _ - . - . / . . b :
H 1 1 r—

{
- *The October figures may mnot be»aztrue reflection ‘of the situation obtaining due to the

.small sample 'size. - . . ) . 1
LT e . - , i
-
N A
a-}.‘w‘ .
~ e 1 -
. . . = 8
c‘- . N . . .._ .
- - ' -\
»
i < P N i .
. - . ‘;\ -—
LY
R N X R i '-‘.' ‘,' -, “.. N .
L . T ..
Fad ‘A
w - 2
-~ ) M
s ' -
. ) Y
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(0 11—0 27) ‘maximum sucker dia‘meter 0. 0& tmn. (0 05—0 11)> maximm - -

e

apical organ diameter 0.02 mm. (0 02-0. 0/43‘i

Examinatio“r? of Tables 25 and 26 r)evealed no significant
I

dlff/érences in the incidence. of infection of___males and females on a

total or monthly basis. However, the - fish from Seal Cove showed a

¢ eaw

s

greater incidence of infection than those from Clark's Brook (p < 0 01)

and Frenchman's Cove (p < 0.005), ‘Significant: declines in the incidence
of infection occurred in Clark's_ Broqk between June to July (p < 0.\(;31.)
and June to September (1) (p < 0.005). A similar decline occurred

between July to September (1) (p < 0.005) in the Frenchmn's Cove |

samples. Significant declines in theé incidence of infection for the

= v

data .for all_ areas compined were apparent from May to November

N

(p < 0,025). . - S,
Examination of Table 27 revealed the 5-5.9 cm. and 9-9.9 cm.
host length classes to be significantly less infected (p < 0, 01) _than
the 3-3.9 cm. and 10-11.9 cm. length classes. The mean 1ntensity of
1nfcction in the 9-9.9 cm. and 11—-11 9 cm. lengch classes was

significantly greater (p < 0.005) than §111 other length classes with

-

the exception of the 8-8.9. ca. class.

No*“dihe_r differences in incidence or intensity of infection_.l'

‘iere noted. . --. ' ’ — -
) . S

Analysis of ’L’able 28 failed to reveal any significant fnonthly
)

and area variat _i\ s !’h the mean length of the parasites recovered ,
= ‘ -
%;_',"" . L e T
. - . .. . .
. / . Lo - ~ F, o
. - » . - 0 .
7 . ‘, . N S ©
P - .
“Ia Do ) .- .
. } . Lt s
- - > e o . A
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S . TABLE 25 S
' ,“? / OCCurrence of 7//5"900@&’11,43 8p. in 7. he.,ero JS, all samplé areas combined .
l\-\'" / Y ) ] :

/ ' ¢ i‘-i;:ay_ / © June Ju].xgl “ tSépt (1), |Sept. (2) Oct. ,-‘;'N“:iv-.z - Dec-.'
#tish in sample'” | 29 ,// . 99 |8 116° 60 60 ' | 60
% infection T 4.3 39.4 30.3 | 32.5 41.7 21.6 16,6 28.3
. PR (12) (28) (30) (28) (48) (13) / {10) 17y |

“'Mean #_;_paras'ites o R L ' C
per infected fish " 2.7 2.5 2.3 3.0. |, 3.4 2.4 2.1, 14
Range of infection ©1-12 1-8 " 1-6- 1-16, 11 | 121501 147 1-5 1-2
# gales in sample &.| 14 33 “47 | 4w -1 b 30 28 33

"% infection LT 42,8 48.4 - 38.2 l 34.0 37.7. 23.3 25,0 3q53

\“\ ( 6) (16) “(18‘ ) (1_5) 23) .- (7) 7N (12)
Mean # parasites - o, ) ' i [ B " .
per infected fish.' 3.5 |+ 2.0 2.1 |- 3.9 3.9 15 3.1 2.5 1.4
Range of -infedtion 1-12 1-8 1~6 | - 1-16 1-14 1-7 1-4 1-2
°ﬁ females in sample 15° 38 52 42. 55 30° - 32 27
'% infection 40.0 31.5 23.0 30.9 | 45.4 20.0: |~ +9.3 18.3

€6 a2 (12), (13) 25 | -6 ¢ 3) (5
. - ~ M ) 'Y *
Mean {# parasites . . . o - :
per infected fish 1.8 . 3.0 2.5 1.9 2.9 . . 1.6 1.0 I, 4
Range of infecriuy’ ~4 1-4 -4 1~& | 7 1-157 1-3 0-1 1-2
' i vt
(#) = number of fish dnfected. RN
h h ..\l “
. ‘1( R |
- L .\" AN
‘ N v ’

[}

ad
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‘ | — I s ®
o g : R ,
i L I : = , - -
; ) w . : .
‘% Z ~ . : :-' !i '
: . i » Ao S
W’ T . N . R . , .. L N ~ N . .v' *
bl . . * ” + .. T \ : : ..} 2. . % WL.E 26 . 1 .
' ' ‘ Occurrence of Protzocephalus sp. in 7. neteroclitus, by month .and sample.area f
. - May - . June E July . Septlf’ (1) S Sept. (Zg)A : © October - N
o (@)Y () ()] (@) [ () | €e) [(d)] (a) | (B) J(e)| (&)} (a)-| (B) {(e) (d) [ (a) | (®) | (&) | (&) | (&) | (b) o)) (a) .
# fish in sample ' |- |~ | 29 [-]22 | 25 |24 |-| 24 |23 {-| 28 | 28 | 26 |- {32 30| 30 | 26.{ 30 | 30 | 30 - |~ 30
. CRE R vy g . . 1 .
% infection v T t=i-=] 41 1= 59 | 32 2% -1 25 44 | -1 50 14 4 | -1 72 27 23 | 54 63 23 20 | -1 -1 10
o ) (12) 8187y | (6)(0); 1(14)|( L)ICL) 1@ 1ANICTIIC6) |, 103
Mean # worms per - . - - . : : . - e - ' -
‘inf'ected fish - 2.7-1 3.0 1.51 3.0 2.2 2.3 .12.0 5.0 {3.0 | 3.0 j2.6 (1.3 &,0 14,0 (2.0 3;0_ ' 1.3
Range of infection | '| |1-12} [1-8 1-4 11-6 1-4 |1-5 1-6 |1-3 |0-5 1-1611-5 |1-3 |1-15|1-14{1~4 |1-7 1-2
i males in sample -{-1]14 |-} '8 13 13 (- 15 12 { - | 20 17 9 |- 18 18 16 " 11 16 12 18 | = | =] 14
‘% infection- - ~ - 42 f- 162 |46 |41 |~ 20 | 41 |-l 40 [ 12|11 -] 67 133 |19 |45 |56 |33 |17 |0~ 14
Mean # worms per o LC8) ( 5? (6){(5) (3)( 7)2 ( 8_)' (~2) (-1)1% (12) 16X 3)1€E 51948 .( 3) .é;‘:‘ ( 2?
infected -fish 43.5 3.0 1:0 2.2 ¢ 2.0 {1.2%{7 T2.0 {2.0 |{5.0 | 4.3 3.1 {1.0.1{2.4 {5.0 }2.5 {4.0 ML 1.5
"Range of infection | | |1-12{ {1-7 |0-1 |1~6'| 114 |1-5 | |1-6 |1-3 |0-5 1-16{1-5 |0-1 [2-8 |1-14|1-4 |2-7 | & ~ 4152
4 femles in sample |-7| - |35 |- 14 | 12 |12 || 9-{ 11 |-| -8 ['11 |17 |- | 34 |12 | 14 {15 | 14 | 18 | 12 |- |-} 16
% infecfion . ~l-]eo 157 |17 pa7 -1 33 | 46|75 18 0 - |-|79]17 |28 |60 |70 )17 |25 |-|-|,9
. (6) (822 (3)|L3) ( @( 2). S ADCD)CA) CDIA I3 3) Ay
G . oo . . . , i
* Mean {f worms .pef 1770 ' . e - Rt
infected fish 1.8 3.0 {3.0 3.5 (2.3 3.0 20 1.5 ) 2.0 1.0 (1.5 3.8 3.0 {1.3 {2.0 1.0
Range of infection |. | '[1-&'| . |1-8 [2-4 |3-4 1-4 |1=3 | f1-4 1-2 o 11-4 Jo-1 [1-3 |1-1501-9 {1-2:]1-3 0-1
) = numbers- of fish. “(a) = C}érk's Brook. (b) = Ffenchmaﬁ'sﬂove. (c),= Mummichog Park.  (d) = Seal Cove. ’
. 1 . . . ‘-‘ —— T . R
. . . . . Y
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_ " TABLE 26 )
: Occurrence of Proteccephalus sp. in 7. “heteroclitus, by month and sample area . ’
June July S;apt. (1) """’E@p’t.‘ (2) Oétopgf ) - Novemﬁer December
(@] @ | ® | @ @] @ | &) [ @ | @ | 6 {©)] (@ | (@15 | ()| @ | @) | 6 [@]@)] (@) | b)) @ | ) [(e)i(@
. B - - ) = B K -
-l 22 {257 24 [~| 26 |23 |-|38 | 28 | 26 21 32 | 30 30 |'26° 30 | 30 | 30.)-|-{30|30|-{-[30{30{- -
~159 132129 |~]25 )46 |[-"]'50 | 14| 4 |-172 27 "23{54% 63 |23 1-20 |- |-110 |23 |-{-}40"} 17 |- |-
@3N 8y 7)) 1€ 6)](10) (18) [ &) [ 1) (23) 1 B)i( 7)1 (14) | (19). ‘,( IR 6) (37N Q25|
{ ~13.0 |1.5 {3.0 | "|2:2 |2.3.] {2.0 {5.0 {3.0 3.0 [206"|1.3 [4.0 (4.0 |2)0 3.0 1.3 (2.4 1.4 1.4 | [.
17 11-8 |14 |1-6 1-4 11-5 1-6 {1-3 10-5 1-16 {1-5 |1-3-|1-15{1-14|1-4 |1-7 1-2 |1-4 11-2 |1-2 K
-| 8|13 |12 |-|15 |12 |=| 20|17 | 9 |-[18 |18 |16{ 11 | 16:['12 |;18 |- || 14 | 16 |~ /=] 18 |15 |- |°
-] 62|46 )41 |-|20) 41 |-] 4012 )11 |-167133) 1945 58‘ 33 | 17eq~ -] 14 136 |-|-150}20 |-~
(] 1D [eR[DCD]aDCOTCH[CHCH[CHCD] 1 (2] 9.3
3.0 |10 2.2 2.0 {1.2 | {2.0 /2.0 |5.0 4.3 13.1-[1.0 2.4 (5.0 |2.5 [4.0 1.5,13:9 1.3 (1.7
1-7-0-1 |1-6 1-4 |1-5 | |1-6 {1~3 lo0-5 1-16{1-5 [0-1 |2-8" |1-1491-4 l2-7 JEBT 15T 1-2°|1-2
-] 14 iz\ 12 (- 9|11 {=| 8 {11 |-17./~| 14°'}"2% [ 14 | 15 | 14|18 |12 |- |-} 16| 16 |-{-]| 12 | 15 |-]|-
-1 5703 N\ -] 33 |46 {-|75018: —|-{79 (17| 28 60|70 27,25 |- 9 l13|-{-]251]13}-]-
(8 2)|( JO3IC3D] 106 2) . A1) 2) [ 4) ;9 @0y 3 (3).- LDICD 103102
- ) - : : ) . ) etk
3.0 3.0 {3.5 \2 3 13,07 [2.0-]1.5 2.0 {1.0°(1.5 {3.8 [3.0.{1:3 {2.0- 1.0 170 § - 1.6 /1.0 ||
1-8 [2-4 |3-4 | |1c44|1-3 | [1-4 [1- 1-4"{0-1 |1-3 j1-15|1-9 71Xz |1-3 | | feo-1 lo-1 ;.| l1-2 |o-1
‘(’a) = Ci'exrk.’.f,'Brpok. () = Freﬁchman's Cove. (c) = Mummichog APark‘. ' (d) ‘= Seal Cove. )
M . . - . B T ° - ' )
' _)' \ v"'
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- s . - . TABLE 27

~

Occurrence of _Pyoteécéphal_ué sp. in different length glags_es of F. heterocelitus

B - ' . . 7 - ) L
Host length <~ # Fish # Infected % Infection # worms Mean Intensity] Range of N
- clasgs Ycmsi) A C. '-Q : of Infection Infection - T o
33,9 8, o 18 47.3 45 2.5 1-7 S
4= 4.9 | 135 - 41 30.3 " 100 2.4 1-8 L
- 5- 5.9 128 30 23.4. 73 - 2.5 1-15
6~ 6.9 9 25 * 31,6 70 2.8 C1-14
7= 7.9~ | ., 86 S 27 ©31.3 ! 59 2.2 1-5.
. . P D ‘ . .
- 8- 8.9 8, 51 19 37.2 63. . . 3.3 . 1-9 _
) 9-.9.9 1; &zi\\\ .5 23.8. .29 5.8% - 1-16 L
B 10-10.9 14\ 8 57.1 13 1.6 - 1-4 =
' L ~ : 4'\>\\ .
-7 11-11.9 RN 60.0 . 15. ‘5,0 1-12 r
: — " + . \ -
—p—a " - - .
, ~ \\“ ot
: ’ had
s i ‘)‘ : -
:' ] | 9,1 .
5 . u
. T &
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’ ] W _ , TABLE 28 , . ’
. ; ,‘ ;) - . . . . . R . - - - . - ! .
- 1. i Variation id mean body lepgth (mm.) of -Prqteocephalus sp.
f ’ ' * by month and area, from F. heteroclitus _ :
Area ~.. | May | June July |Sept.(1)[Sept.(2)| Oct. | Nov. | Dec. {Total Mean
A Clark's Brook | - 1.33 1.04 1.55 1.88 2.57 1.93 | 0.84 1.62-
" Frenchman's Cove - "1.51 1.15 | -0.69-| 0.87 | 1.13 0.92 - 1.06
) "Mummichog Park 1.81 1.42 - - 0.86 - A - 1.67 .
; B , ® : ,
Seal Cove - - 1.13 || 1:.35 2.24 _- - - . l.54 .
- 'Ijot:‘al monthly . . o ) . o
.mear‘l‘ length. J k.81 1.42 1.10 *1.34 -1.83 .- 1.79 1.07 - 0.84 1.47
R > - . \ : T .
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: . : — N —
: * . ; - ? / ; . -
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3. {(d). Acanthocephala
T

'A. Neochinorhynchus rutili (Mueller, 1780).

'

been described from a wide v%riety of fish throughout North America

!

(vide Hoffman, 1967), and from gasterosteids in Newfoundland waters
.® : ’

.- " by. Hanek and Threlfall (1970).

The oceurrence of the parasite in F. heteroclitus from Clark'

" "Brook represents a new host record, probably arising as a result of

cross infection from the population of P. pungiﬁius in Ebe same dreas
. . . By .

Table 29 shows the occdrrence of N. rutili in,Ff heteroclitus
N . . . l' .- P o~ . .
from Clark's Brook. Seasonal incidence ‘is abparént in that infection

'commenced in November.. No significant differaﬁtas in the incidence

or intensity of occurrence within or between the mwo ﬁonthl? samplés

was noted, prqbably due to the small size .of the samples.
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- TABLE 29 ‘
« ' - Occurrence: of W. rutili Mueller, 1780, in
F. heteroelitus from Clark's Brook. -~
) Nov. Dec.
u T fish in éamplé - 30 30 i ‘
A infection . 13.4 30
" (4) (1)
Lt . Mean {f parasites per ) S _:
-, o © infected fish . 3 T 11.75 . 51,0
Range of infection S 1=32 z:("_ 1
#'Mdlés|ip sample - 14 ' 18
‘% infection- 21;4‘ 5.6
(3) <)
Mean # parasites per , N o
infected fish '11.0 1.0 v
' Range of infection 1-32 1 Co
## Females in' sample 16 12 L
- - e i
% infection ~.6.3 - cE
, (1) ;P
. Mean # parasites per e
B infected fish 4.0 - -
W Range of infection 4 -
. o M
T B A -
' - (#) = number "of infected fish
. P .. .
“\ : R
. e -1 ' * "
b T :3;7‘-:“4“ . L )
T RETE ., -~
| /\ ' R 1; )
! ' ™y - )
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- DISCUSSION - . - o

P
The use of ecological principles in parasitological studies was -

pioneered by Pavlovskii (1934) in the USSR, who suggested that the

parasite is influenced by 'two environmental habitats, the 'nﬂpro—

environment' ormimmediate environment within the host, and ther'macgg—

1 . . . =

environment' or environment of the host. Pavloyskii (1937) further
stated that the basic subject of ecological parasitology is the ;tudy

‘of a11 parasites inhabiting the host organism, where they form a .-

‘ parasitofaunal aggregation or parasitocoenosis . Dogiel (1941) thusf

. summarised ecological parasitology as being concerned with the study of

. the relationships existing between the parasite fauna treated as a unit

} ‘on the ‘one hand, and changes in the envirOnment and physiological

N i‘

condition of the host on the othér. ¢

"i Fisdhthal (1953) considered limnological factorﬁQ?n relation.

to paras tism in 1ake fishes, and pointedfout that .any consideration

-

of the influence of a single factor on the organism is merely a necessary

- method ‘of approach and ‘that as Welch (1935) had suggested "conditions

w1thin an environment are,‘to a great extent mutually dependant and.

<

‘in nature factors are ‘always operating’in the presenee of others

.y N ¢ N

L __ According'to‘Noble (l96bylthe modern approaeh to parasitology

£

is to envisage an ecological complex, formed by the parasite, the host,

; and various factorg.of the host's environment, and-that the total . .

‘ parasite fauna and flora of an animal be termed it s/’ parasite—mix .
Bt

Kennedy.(1970).stated that the ecology of fish parasites,nny"_c

be studiéd/using a systems theory concept, involving input to‘andi .
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ohtput'frdmlghp system. He suggested that two basic systems models

~may be formiMred, a fish. intgrmediate-host system and a fish-

definitive hest system' input'to and output.from these systems heing

,influenced by abiotic and biotic factors of the .parasites' micro- and

_‘. .

e macro— envirpnments. 1f the factor balance 18 such that 1t results in

3

a simultaneods input’ to and output from the system, this will result
in the parasite\population being in a state of dynamic equilibrium a

view also subscribed to by Chubb et aZ., (1964)

Kennedy (1972) further suggested that the factors controll{ng

: the flow of parasites through a host-parasite system may be divisible

e ¥
-

,into three groups, those influencing input e.g. host diet and
-'availability of infective larvae, thoSe influencing output e.g. host-

response and natural mortality, and climatic factors which may

v

influence the host's condition, and henoc the first two sets of factors.

© ' .J >

~fHe/§tates that tepporal variations in" the abiotic and biotic factors

\

will lead” to seasonal patterns of paraaite population change,' and that

1

o if there is variation in the extent of change of the appropriate .:

’ factors in different places, this will result in local differences in -

.

. t-
the>pattern of flow of parasites- through the same host*parasite\\?stem.
Seasonal cycles in the occurrence and reproduction of fish
- N
parasites have of ten been directly linked with seasonal changes: in the

.host s environment. According to Dogiel (1958), annual cycles in

: oarasitofauna are "particularly widespread im the parasites of fresh-

- 1

. water fishes, being an adaptation to the seasonal fluctuations dn water

. temperatures" . Similarly, Wisniewski (1958) - suggested that the

[ .
LA

b .

‘lcharacteristics of a body of water influence and determine the nature'

.

D} :.' Tete . ’
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and' cyclic fluctuations of ‘its. parasite fauna.

Variations in the host's ecolog§ throughout the year, such as‘a

‘e

changes in the host diet have also been found‘to'Cause seasonal

differences in intensity and incidence of infection (Hopkins,, 1959; - «

-

Chubb, 1963), whilst Kennedy and Walker (1969) have speculated on the

relationships between seasonal incidence cycles and seasonal changes

* °

-

in the resistance of fish to infection.

\
According to Halvorsen (1972), is seasonal changes in the

Lo physzology of the fiﬁh host are the main factors influencing the

a0 \
parasites, then one would expeet to find a comparable seasondl -~

g %

/’/f';’,’i’p, . relationqhip for the same hostﬁparasite system in localities with

-l

\comparable.sffsgpal’climatic cycles. If, on the~other hand ecological

mechanisms are the m:in,factor, one would expect to find large a s

differences in the patterns of cyclic fluctuations between localities.

L ‘a

Vifferences in the romposition and function of the ecosystems w0uld
give the parasite different possibilities to infeet the hggt throughf

. . ’ . N o
Yout the year, thus causing differences in seasonal Eycles.

'

- e o 1
e e e e N i e

way ﬁn which a population of monogenean parasites ‘is related to the

>

. behaviour and‘physiology of their‘hosts, or howdsuch a population :
= varies in composition over the yeatr". ‘

0"

1 d -~ "J:

oA

. A seasonal cycle in the incidence of occurrence of Monogenea on

‘_‘F.,heteroclttus is apparent, the total population decreasing in the

v . summer and 1ncreasing in.the fall-months parallelling fluctuations in

.\

‘

" the surface water temperatures. In Seal Cove, a region of little water

\

v o temperature fluctuation during the months sampled, no cyclic fluctuation

. -
!

e ¢ -, . . : . AN
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‘Bychowsky (1957) stated that "relatlvely little is known of the .'ﬂ'

(2
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ocﬁur;éd in the'fréquency of,occurfencéfof Monogenea.
Dogiel (196&) suggests that "1f a- seasonal cycle is- apparent in
’Monogenea ~%t—will -.either show a peak in summer, totally disappearing .
'\in\winter, or a peak 1in summer, partially disappearing in winter.

In the.present study, a sample of Monogenea frém the ‘total .

\

LF. heteroclitus sample examined reveals that for C. stephanus, the

frequency of occurrence of the pafasite'inéreases from a minimum in

A}

.‘ . . M .. '
May at a mean water temperature of- 14°C to a maximum in November at a

. mean water temperature of 3°C. It is pcssible however that the

»
E

. X L . - ~ :
insignificant 'decline experienced ‘to the December level could be the .

s - N . " . o

~béginning of a downward winter trend to the May level. G. prolongis .
and U. angularis appear to exhibit ‘well-defined seasonal cycles in the
samﬁles examined. G. prolongis shows maximum frequenqy'of-;ccurrénce

in May and Octobér at 14°C and 7.5°C ahd_a minimum occurrence in early

September at 20°C. U. angularis shows maximum occurience in early

September dt 20°C and minimum occprrences in May (14°C) and November
B . N v l
(3°C).

Knthcny (1969) found that teﬁperafure influepcedvthe dis-

tribution of G. elegans on Cyprznus auratus,-a seasonal peak océh}ting///

.. _ et

in April and May at 9-11°C. Chappell (1969) found that G. rérus

reached a peak of .occurrence in Spring, whilst Mackeéenzie (1970) found

that G. unpcopuZa reaéhed a peak in July on PZeuranectes pZatess&. o
,Dartnall (1972) ‘found unidentified Gyrodactylus sp. to have a low
1ncidence.of occurrence in summer gnd a high incidence in ﬁinteg.
" Rawson and ﬁogérs (1972) studying the Ancyrocephalinean Monogenea.of

. : IR _
. the bluegill, Lepomis machrochirus found cyclic fluctuations with'a’
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thQB the water temperature wag declining from an approximate maximum
. of 130° C. The highest populations of Urocletdhs acer and U. dmspar

_occurred'at temperatures of approximately 10°C.

did not survire'longer than 24 hrs.j egg production eontinuing for the T el

'manner similar to. that proposed by Paling (1965) for Discocotyle

N | e

trend towards increasing intensity of infestation in the fall months-

-

o

Thus, it seems likely that the seasonal fluctuations in the

”

' Monogenéa of 7. heteroclitus from the areas samples are related to

. - . )
seasonal fluctuations in the water temperature, either by a possible

retardation of the growth tate and delay in the omset of sexual maturity

{n the adultn(Allee et al., 1949) or by affecting .the development of

I.egge‘dnd larvae.

Llewellyn .(1957) stated that eXaminatioh of egg production in
g

several species of Monogenea ahowed that at 3 7° C adult worms survived

l for 2—3 WEeks, but little egg production'took place below 8°C. At 13° C

L4

egg production generally ceased after 4 days, suggeSting that, the adult

worms rapidly degenerate at this temperature. At 18P > the parasites 1,.;

3

first 12 hrs., aqd ‘at 20° C the parasites died within 12 hrs., generally

without egg capsules being produced: S T
: It is therefore possible that a temperature controlled series
cof events similar to those described above could ‘be responsible for the'
tyclic fluctuations observed in the G. prolongzs samples.
v —

The cyclic fluctuations in U angularzs may be explained in a

3
Y .

' ,sagtttata on Salmo trutta. At the low winter temperatures experienced

. any eggs that are\present probably remain dormant As the temperature

rises in spring, hatching commences, and the oncomiracidia invade the

..
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" host.populatioén. = At 15°C and above, the.pafasiteS'haQe a high rate of

egg ptoduction and the incubation ueriod is shott resultthg in a mid-'

summer peak The water temperature falls in the autumn, and con— ‘

" sequently the speed of cgg production and incubation éecreases, until

/
7/

the low winter temperatures cause cessation of larval development

It is possible that seasonal Jincidence cycles in parasites may

X
be related to’ the effect of” the water. temperag&te on the physiology of

-
B »

‘the. host. Cushing (1942) found that ‘in CJrenLus earpio and Carassius

auratus the ‘rate of antibody,production was greater in-warm water ~
@ :

'(28 C) than 1n cold water (14°C). Thus, at high environmental

temperdtures, the high rate of host antibg?y production will lead to a

.decline in the host's parasite load, the reverse occurring'in the cool: -

fall and winter conditions, thus leading to an incidence cycle similar

hY
°

to that obserVed for Fyrodaotjlus proL9ngzs
i _»‘ . &.‘,\ r

A seasonal cycle has also beenidemonstrated (Chappell 1969a)

for the occurrence of developed embryos qf G. rqrus, which showed-ah"

) increase in incidence ‘over a Septemhpgr-June perlod."However, no such

o

: seasonal cycle was noted in G. prolongis~dr G. stephahus during the .

v

présent studyi Hof fman and Putz (1964) have indicated that Gr. -

machrochzrt has an optimum reproduction temperature of 12 C. As- to-

_ whether a similar temperature optimum applies to G. Prolongzs and G, |

Ptephanus is uncertain, since in the present survey, embryonated

individuals were recovered with similar frequency during.all seasons.
i N .

Little information is available on the effect'of aalinity

changes on seasoual cycles 1n Monogenea. Bychowsky (1957) and

Y

iPolyanskii (1958) both state that the salinity of the water exercises

Ty . o
fad , i
/.

&«
o
.
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great influenée on ;he'inciﬂence and intensity.gf Gcéurrence, of
Monogenea. ' Gowanloch (1925) showed that .Gyrodactylus sp. from F,

hetéroclitys'was unaffected by tﬁeolowering of ébe salinity down to’

freshwater.” However, exposure to the action of fresh or distilled .

water, caused th%‘;épéalmigration of the parasites off the host,

" followed by theifﬁ#bbéequent death. Such an effect may he paftially
responsible £6r the seasonal decline in incidence of Ug%ﬁngularis
. v : XA

“duripg‘fhe spring and fall months, when the water salinities-are

: _decliﬁipg from their.sumer maxima. According to.Mueller (1936), the

' C ' ' ’ © . “‘ ” ’ ‘ \ i". “ ‘

'« genus Aneyrocephalus (= Urocleidus).is essentially marine in‘ﬁatufe,
(el \

\
~

- . . ) . Prost (1959) in a study of the effects of salinity in
P AR o differengﬁ?ééervoi;s on the monogenean fauna concluded that those

o :‘rspégies which have not acquired phylogenetic resistance té high
- . . N - : o . ’ - - N ) ,
salinities grd'adversely affected by increasing the salinity of the

B

“medium, the degree of adverse effect varyiﬁg‘with the species involved.
: . , . ! “".:, . : .. NN S
Isakov (1970) showed that~cctoparasites of GCasterosteugs pungitius

v
ta PR

(= Pungitiua pungitius) and d.;acule&tus; hﬁéluding Gykodaétyius

dreuatus, exhibit Baraneqrosié during graduéf%ﬁhanges in the-salinity.
N ¢ . - NN ' :

\ :

- . i, oL .
 of the water, from fresh to marine. ..It 1s thus conceivable that the

- seasonal incidence of &. prolbngﬁs'may decline during the summer
months due to the increased salinity of the environment. Dartnall

{1972) however states that the Gyrodactylus sp. (or spp.) that he
L i . ! ! ) ) '
o v - reeovered from G. aculeatus exhibited a wide range of tolerance to - ..
. . ' . . < . B .
. .

. ' . . . ' ' .. v y
e +  i8alinity.changes. Unfortunately, as he did not identify the parasites

N to the species level, and it being possible -that seve;al speciles ‘were .

N @ . -

1 involved, each;having differing salinity toierénces, hié-assﬁmptions:,

h} . e . . &

P

2 . t PR

e . . \
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are therefore’ﬁuestionable. - o .

o

The relationship between incidence and ‘intensity of infestation

and length (age) of host-has been studied by several workers. Gorbunova

L} |

(1936) suggests that, as a conSequence of work dqne on pike and roachy" o

" that the: relationship bctween the incidence of infestation and the age N e
. - . )

of the host may follow any one of three patterns, the parasite incidence

- .

may Le indopendent of the age of thi host, or may decrease or increase

- S ,'
v : with the agefof the host. . ?1’_ T oo ) .
> . 'Dogiei {1964) suggests that the'latter;case ié moht frequent"".0 =
N 32 J 13 N4 7 -
in freshwater fish, and in the case of endoparasites. it, may be” due DR -

s LIS

2o . elther tn an increaqe in thc quantity of food cansumed by larger fish, °-

and hencean’ increase in the intgke of eggs and lqgvae. The aceumulation'

.

. ) C of the parasite fauna over a period of years may nlqo be a. contrihuting o

<

factor. In the case of cctoparasites, an increase in the available <4
L~ o o

surface area fgr the-settling of the larval stages may also be partially o, jj?

L]

[

Y responsible for. .incréeasing incidence‘and intenqity of infestation ,_ I :,
: -ﬂhble nt al. (1936)hshowed that thé incidence of occutrence of "

)

w 0. clegans on GiLllicHthyes mirabilic to be non significant with indreaaingiltii'

blength (age) of the host. Aderounmu’(1966) found that Guradactylus sp. o

.. ' .
e - . .
¢ “as

VoL decrdased- in 1ncidence and intenQLty of infestation with age (length) o

T - . .
- ~

of the host Sabno Lrutta. Chappell (l969b) found-that G. rarus decreased . -

in incidence of infestation with length of the host G. acu?aatus but DR Y

- : L - * o '.',
.the intentisy of . intestation showcd an initial increase followed by a ™~ .o

. . ut ) decrease‘inﬂlargerrfish, Mdckenzie (1970) showed no significant change

- in'thékintensity of infestation of fleuronectes.plageﬁsa‘with G

unicopula, ‘with increased length™ (age) of the host, N T o

4

. ‘e M ¢
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The monogenean fauna of F. heteroclztus shows no significant

- .
© . . -

. ‘Jntreéses in incidenqe of infestation above the 5 cm.-length class,

o

e

. .
a R ° a2 a Y /
. . .
e d

o : . o o 0 .
. female sex hormone increases the host's resistance while the male
. . i - )

]

.suggesting ‘tRat age immunity to increased parasit%.infestation'has-

\“ N " - -
&

. ®.
been ‘devgloped. * However, e§amination of sampleS°of each species of

Monogenea indicates that tﬁe incidence of infestation of each‘species
- ‘ N ¢

. ) ~ S . T Lo
_is at a minimﬂ% in short (ydhng) and 1qng (old) fish, No.definite trepd,

-%%ﬁﬁhn iced'to&ardsﬁincreased intensity-of infestation'with each species

-
'S
v a \

and. increasing iength'of F. heteroclitus.

In geQenal, no sﬂgnificant difference in intensity-dn
. AN

» Mcidence of infEStation with regard Jto the sex of the host was notedr
if- p : |

However, in the samples from Clark' . Brook, combination of the' monthly

- =

- " . r)

T3 showed males to be mofe heavily.infested than females. Palihg ,égs

(1965) - suggested that such’ a situation‘is‘due to femdle naving’a

v i . « N .

greater ﬁhysiologiqal resistance.te infestation than males. Lees and

] -

factor to barasitization in frogs, and Dobson  (1961) showed that the
. n . ~ . . .

hgrmanes cause)decreased résistance., Hd@eveﬁ! when the_samples of

F.‘hetereclitus are exqmined'on a montﬂly basis'-females from'Mummichogf
. ] 9

Park ‘and Frenchman's Cove were found to show a sign1fieantly greater

inciﬁance of 1nfeqtat10n than males in May and June respectively.\

N

Examination of the female gonads in these months indicated all the

3

females to be gravid whicWrwa\_({t the . casg in later months. Thomas

(1964) proposesxseveral rﬁpsa@s why female fish are more heavily : ;

infested than~ males in_the spawning seasons>”The condition factor of

.« .- 1

_the females y be less than thatxpf.the males during and after,

) % a
1, - 1 L
- . . . o i

=

v

tef
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. spawning, since they contribute relatively more reproductive material,

expend more energy and eat less food than the males, thus making them

'physiologically less resistant. Also, the state of stress induced in

1

_the females by the ma1ES during the epawning will contribute to the

'lowering of the physiological resistance of the females. According

[ ~
to Read (195Q) stresses of various . kinds, in mammals’ at,least,

s v

stimilate ‘the release of adrenocorticotrophic ‘hormones from the "anterior

v .. . ¢

pituitary, which in turn could result in the production of edrenal

glucocorticoids which are beTieved to- be a’COntributing factor in the -

- . .
/ v . "—‘.s
lowering of an organism s immune response. v "
T R
-, Also, the ripe ovarian follicles would cease to produce estrogen

after ovulation,,thus depriving the fish of one.of Ats resistance .

¢ . . I

- o

mechenisms. o o
The distribution of Monogenea on’ the host” has been studied by

<

[

Anthony (1969), who found that tUe temperature of the water influenced .

the.distribution of Gg. elegans on the body and gills of, Cyppinus au}*atus_,;=

' the numher of parasites on the body of the fish in cold weteq being

higher than the nunber on the gills, whereas the reverse was true. in

o
.

warm wqter( However, although there was a significant honthly,,

' variation in the rélative proﬁbrtions of Monogenea on the 'gill® and fins

}" . . - . ’ .
heterociitus, the distribution did mot conform to any ‘such

{

7

pattern. . S . - co L

- * L /

‘In the sample of G. prolongzs examined a preference was noted
~N \

for the dorsal fin of F. heteroclitus at the eXpense of all other fins .

and gills, whilst G stephanus failed to demonstrate any/fin preferences.

"Anthony (op. azt ) showed .that G elegano exhibited significant lack of

; ot . - . v

[

ALt

,
<
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.' preferénce for the anal fin of C. auratus, but no preferendé for any

other fin. He demonstrated however, -that distribution of G. e and

—

on tlie fins is related to the aréa of the fin, the anal .£in. possessing

0

. the least percentage (7%) of the total fin area, yet possessing the o ST e
- ) < P

u

highest number of parasites‘per mean prea (1. 3), whilst the ccaudal fin.

1

occupying 414 of the;total fin_area showed the iowest_(q.7) number of
parasites per mean area. This would appear to be in, direct contrast Coe "
to ‘the present study, where the very small pe;;ic fins showed neglible. "
infestation, whereas therlarge dorsal fin showed high intefisities of .

v . . : +

' e . s o
. The relationship between mean,intensity ‘of infestation and fin =’

aren,Jp further seen by reference to the fish from Mummichog Park and

)u(" .
P

Seal Cove, which- have a significantly gfeater .mean intensity of .i —_— S

: infestation than fish from the.other sample areas. These fish also

) have sfgnificantly greater mean lengths[ and hence fin areas, than fish

s

L from the various sample areas may;be explained-on the basis of host

R T SR

“from thé other sample areas, due either to a greater amount of //ailable

/

food in- these areas, or td a lower population density of fisb which may L

'J“ &Q «w
in either case poss y result in a faster growth rate.

’ s

The diffLrences in, incidence of infestation of the. fins of fish

“ b

population densitiesu"Gyrodactyloidea are,orimarily disErihpted through-

. e ' . .
.out a host population by transfer’dpring physical comtact. of the host -

(Bychowshy, 1957}. Hence the-incidence of occurrence of fin_glhogenea ‘f;
. o : ] . .\ ’ . TN A‘ . .
is significantly greater in Clark!s Brook, due possibly to the smdller o Ce
size of the habftat andﬂthe probable greatérlpopuiation densityfof the ', .

% t ! = * 4
host, thus facilitating contact and transfer of the parasites.
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Lo showsﬁmaximum 1nfestat10n on Arch TI .and |

[ . - LW
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Conversely, in Seal Cove, the population dehéity:of F. heteroclitus.
appears lower than in other areas, and hence a significantly lower

! .o . .
_frequeftcy of occurrence of fin Monogenea results. The lack of a

5t

, significant difference in incidence of occurrence between Frenchman's -

5
4

. . .
‘Cove and- Mummichog Park is less apparent, since'.the Mummichog Park
.o . X F T ‘ o .
inlet covers a much larger area than the Frenchman's Cove’pdnd. Hoq~

-

""ever, it was notlceable that F. hotepoclltus tended to school in a

A

particular region of the inlet which was of approximately the same

type and surface area as the Frenchman s Cove pond. Hence in effect,

since sampling at Mummichog Park was carried out in an area of simi~- -

ié} slce to that of Frenchman's Coye,‘it is possible thet_the popula-
'tiop.qenelties of the host, and hence;the.lncidence of occurrence of
, fin Mcncgenea~Might hé Sfmilar. : ' ) -
The diétributloq'ef Monogenea on the glll arches of the host

-

has_been studied by several.authors.f Mackenzie (1@70) showed that

" . Pleuronectes platessa carbied significantly less G, ynicopula on the

[

fourth gill arch on bdth sides than on the éther.three. Teﬂla &

n

occurs in approxlmately equal numbers on

-

: N P
'1mum on Arch IV, In»the

¥

I

npresent study, G. stephanuu, o.,pnalonjzu and U angularzs showed a

. r//_,

. lack,of,preference for‘Arch 1v, and'no 31gnificant preference for

.a . ’ ; ' ! . .
jany other arch. Simllarly,.there was nd preference for arches on

\ 'i 4

.

e1ther side of the body.: . ﬂm‘ o . ’ : L

In an attempt to account for specmficlty of distributxon of

* 4
~

_Mohogenea on particular‘gill arches; Llewellyn 61956) suggested that
’ - . ’- 3 . *

, s . .
v . . N F)
L . . .

o s
Y

¢ -
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infective larvae are swept~involuntarilv over the gills by the gill
-~ ] , . } . . -r
ventilation current. Any variations in the volume of water passing
. {

i

- : :“ over the gill arches might thus be reflected in the npumber of. oppor- .

- ya

R ' ' tunities for the parasite to become attached.' Howéver, thE'greater-:

' . numbers of larvae’ brought to those gills receiving the greater '

ventilation would themselves be “committed to a life-long struggle . ‘,;‘

for ekistence against the greater current}fand the survival rate i
- - {

would be correspondingly lower than on the less well ventilated gills. -

i

Paling (1968) working with Salmo ﬁrutta, and ‘using glochidia of |

Anodonta.qygnea'as indicators, deternined that the greatest volume; ..ni: o
of ;aterbin the gill yentilation'CUnrent'passed oYer the'énd and 3rd
. . ‘W | . mi ' . t,
‘,2‘1 arches. The first arch received the next greatest volume, and the
' - . e L N T -
, 4thvarch‘the’1east voiume’of yater.h ' ' T o

©

— S Arme and. Halton (1972) showed a preference of Di@iidophor&
mePZangz for Arch I of whiting, followed by Arches III and 1V in

high intensity infections, there being no significant difference

v
> . . -t

"_." between e1ther side of the body. They suggest that Llewellyn s’ S ',
. j © - N

(1956) hypothesis for parasite distribution could be appropriate in> . TR

the case of sﬂagle worm infections but that in multiple worm in- ™~
. fections Sther factors may be important in governing the distribution e e

: - e .
. of the parasite. Possibly an established infecy4on may influence the

distributlon of further parasites by‘increasing the mucus production ._”'fﬂ

o on a particular gill,, thUs producing an unfavourable micrOwhabitat,
Y - go that Arch I becomes unsuitable for adult or 1ai6§f occupation. R ‘3‘:1$%j'
They 'ther suggest ‘that newly acquired 1arvae ‘may attach to arch I, L
. . and then either magrate posteriorly ‘or displace establishgg\ h‘ . 1 ';;,\'j; A
. L. _ . Lol - LN o

" B : . L. S to i/
A B . . .
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oarasiteslon Arch I.

. vary over the geographic range of thdﬂhost.

s
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i
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Izunova (1953) has noted that under conditions
of lowered oxygen tension, Dactylogyrus soiidus migrates over the:
gills to positions of maximum aeration on Arches I and IV, contra- ~

dictory to the statement of Paling (1968)L

"In tne'presentvstudy however, no significant preference for

anj'arch or side of the body is noted infsingle worm infections, and '

. 1

thus the possibility exists that initial and low intensity infection
. . F .
is a random occurrence. ’

It has"frequently been shown. (Kabata, 1963, Mackenzie, 1968)

.

i that the composition of the parasite fauna of a host species may

Such a situation is

with regard to -the oceur, ence'of|bigenea\

L . \_-

Metacercariae were of common occurreﬁce

found in 7. heteroalztuo

in different sample areasw

[
-t

on fish from Frenchman 5 Cove and Mummichog Park but were totally

absent on’ fish from Clark s Brook and Seal Cove, probably due to~

‘.-' ¢

the first intermediate host~being absents from thosg“areas. It is of .

interest to note that the 7. heteroclztus poﬁhlation from Frenchman\s

~

Cove vas supposed to have otiginated in the Codroy Valley, possibly

. in some lgcation-adJacent to Mummi chog Park, and thus the common

preséqee of metacercariae in the samples may be used as an indicator

LY
[ .

of the Brigin of a particular. populatjion-of the host species, inthe

manner of a ”biological tag" (Kabata, 1963). ° - o !

Tie absence of Homalometrdn paZZidnm from Clark's Bpook may

-t [

also he explained on- 4 similar ba 1s to the above.

The significant

differenCes in incidence of occurrence between areas where ..
paZZLduh does‘o&cur may be due to differences in the incidence of

’

72"

AR
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' occurrence of the intermediate hosts, whereas he significantly

greater’ ‘mean intensity. of infect,ion of the Seal Covevfish is pro-— .

\
-»“ )

‘bably due to a greater rate of ingestion of intermediate hosts,

.
s ° . 1

RETA . . _ ; 1 PN JEN . .
asscciated with the need for 'the' l‘arger fish- from this area to take

in great,er amounts _of food. Similar criteria could alsor explain the .

,,v e e

significantly greater incidence of infection found in the 10-10 ‘94cm.

.

and 11~11.9 cm. length classes than in the 3 -3.9 ctn. and 4-4 9 cm.

Lad

classeS' of host. - . : g 'q“ )

\'1 =

Significant' fluctuations in the Iﬂcidence of infection were "

‘h

noted between Sept. (1) and November, Jand non-significant variations .

occurred in other months, indicating the emstence of a seasonal
’ ~

‘cycle for #. pglha’wn in F.’ hetergclztus with spring and fall peaks.

Seasonal cycles have been found in other Digehea. Thomas (1958)

showed an it}crease in- winter and a decline in sunmer of. Creptdostomwn '

“I »

) 'metoecuu and C. f'amom,s in SaZmo trytta, and S salar and suggested

- ¢
that the smmmer» declipe was due to periodicity in the_swarming of .the

.

cercari'ae, which in turn was governed by 'the' life cycle of thé clam,
3 ,

'

The possible effects of changes in- the salinity of the water _

J . .
an the seasmq,al incidence of Digenea has been investigated by

Standen (1951),, who showed that the salinity of the medium has a

marked effect on the hatching of the eggs of Schaatosoma mansonz, ,

£

.the process being almost totally inhlbited by a 0.6% NaCl solution,

,extensive hatching not occurringf until a dilution of 0. 1/ NaCl is

.1

R - :
reached thus ensuring that egg; 'in the blood, gut contents or urine

v S -

of the definitive host will only hatch on'. dilut1 with water.

. - &effect of enviromﬁental temperature variation may be

e
Lot
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& .. exerted-on all or several'stages of tlte digenean life-cycle.

M

Rawcliffe and Ollerenshaw (1960) showed that the eggs of Faseiolg

.- . . ) -:f
hépdtica'have a critical,hatching rauge temperature from 10-30°C,

above and below which there is increased inhibiuion of hatching.
2 . . .'1;' fa

' Similarly, Varma (1961) noted that the miracidia of PotJZophoron .

L ; catylophww hatch in fifteen days at 28~ 30°C and at lower and .

]

higher temperatures, hatching iq ,increasingly delayed Vernberg'

R v and Hunter (1961) demonstrated the suaceptibility of adult trematodes

L = ‘, )

PR ‘to variations in environmental temperature by stﬁdyggg changes in the

; :; o . N . R
o respiration ratés of the parasites, and showed that for Saccocoelzum ”\)

beauforti fr_om Mugil cephalus there is an increase in respiration

rate up to "34°C, after which a decrease occurs, leadlng to the death -

N t. - . [ B
. . ‘of the paraé&te at ‘41°C. R )

. . E L " :
' Seasonal variation in'length and‘state.of maturity the

* .
8 - yov

[ 93

%

3

. o parasite have been recorded, for Phgtiedigfgmum jblium from

UGasterosteus aculeatus L., - 1958 (Chappell 1969a), the\smallest worms being -
-;'r-\-.\ r

ﬂ,‘,( a ,:'»q
{ =

found in mid-summer when a high proportion of newly hatched fish
w7 ‘
fﬂfw~A : were/found in the populatiou At the sa\~,;1me, thq percentage of
2 ° p/

worihs containing eggs was at a minimum, increa51ng over™the fall and

>

winter months. . . ' e %

- ‘ ,
B

- e *© In A paZszum, the shortest mean worm 1engghs were noted in
o s B
o ‘ July and October, indicating the possibillty of two generations of

- N Lo

L4

worms, although the difﬁorenggswwexe not 31gnificant frog'other

. B ‘months. No significant &affereans were observed in the monthly
— C . : \A:-- e 3

) incidence—of occurrence of eggs, sxgnifying that ‘in H. pallzdﬂm,

. ey . L.

" the effect of temperature and salinity varidtion may'act directly’
. . . ‘ - & .
NI | o ) ' o . N : S RE
. i L, . . .:&by-‘ _'«h ," ‘ ‘ . . L. - , . . L.
P . ) / . 1-_,l , ) . "‘ .l’ — [ . . L. K . ) B .- /u
| '\;‘h . 4' - '.( ..‘l A v . ’ .4 '.- ‘-...J ' ‘e'. ”

15t
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upon'other stages in_ the’:life—eycle, or indirec"tly nby‘affectir'l'gf- the
. 8 ’ ST . . N - . )
occurrence "of ‘the intermediate molluscan hoslts.

i
l

e o ‘The majority of the Proteocephalus sp. found in F‘

heterocl*z_,tus were ‘recovered from the rectum. “As to whether this the

P Y

position as a result of decreased feeding whilst in the holding tanks

of PodocotJLe sp. in the intestine of Platichthys fZessus varies

o
] £y

. A l B ; B
.1 having moved down the intestine to the rectum after gix days.

4 ' o Seasonal acidence cycles have been reported 'for several e
v R . - Q"" - _
species of Proteocep'halu (Connor,; 1953 Hopkins 1959 Kennedy and

i

Hine 1969) As with Protaone halua sp. from F. heteroclztu in the

present study, maximum incidences of infection occur in the spring
and fall months. "Kennedy and Hine (196.9) also demonstrated‘a

seasonal cycle in the intensity of in{ection of Leuciscus Leuciscus,
" : .

Vwith P, filicollis, bu‘i!'Cha;')a.pell-,‘(l969a) was unable.to demonstrate a

-~

* showed a vgini‘e’r decline in intenasity of infection for the same host/
. . ’

'p'ai:a"site‘ relationship. In the present study, no seasonal cycle in

intensity of infection of F..heterozlitus with Proteocephalus sp.

-
-~

R - wasobserved o v L
- ' - It has been suggested (Dogiel 195-8) that sea‘son'al incidenc.e

. and intensity cycles may be’-due to seasonal variation in ‘the avalla~ '

.

. ' bility of infective 1arvae, host feedlng habits and physiological

[

rosista,nce of the host. Several authors (Hopkins, 1959‘ Chubb 1963

[ . -
- - . - - - " -
L} -5-.. e .

'parasites' permanent habitat in the definitlve host, or a temporary ‘
is not known. Macktenzie and Gibson (1970) found that the distribution ”

; with the "time? between cap'ture_ and analysis, - nearly ‘all the parasites N

.cycle for ghe same parasi'te in G.-aculeatus. Dartnall (1972) however,



[

© eggs 'being p‘roducied over a wide range of temperatures' from' 5.5~

1967; Awachle, 196§) have suggested that' water. temperature is the

‘common causal factor in seasonal cycles of cestodes., It will be

noted that in. the present s_urvey, the.decrease in incidexic'e of :

e, 0~

occurrence -of Proteocephaluh sp. parallels an increase in water

temperatures, . ‘ ’ °J
\

Kennedy and Hine (1969) demonstrated a seasonal'cyel'é; in the °
mean 1ength and maturation state ol\P. torylosus in L. leuciscus, .

the mean length of the worm increasing 1n the spring and fall and

) decreasing after April, coinciding with decreases and increases in

(3 y
°
.« - ‘ N S

water temperature, Seimel maturation accompanied the peéeriod of , . y

increase: in worm length, geﬁital rudiments appearing when the vorms

wer’é less than 10 mm. long. Gravid worms dicj not.however form a

) . . o . .
significant patt of - the populations until after March. 'No rela-.
tionship between egg'prod'uction and water- temperature was observed,. .

’N

AN

"‘\"f (Y

9?.-‘. 2

14.4°C. oo o '
o : e : : %’

. No such cycle of sexual maturaﬁion\ End increase in mean 'WG":‘:W

. i, —
length was noted in, the present study. Sexffalfly mature worms we{e
] P . -

totally absent from the samples hroughout the whole of the sample 7

a;'

period ana no significant vatiation 1n me;m monthly Iength of the " -

' adults was noted. It 1s<possib1e that'.sexual ma.t,unat_ion _did not

occur due to envirorim@mtél.temperatutes ,failing to teach'a necessary

I S

‘miniu;um”foi' matur‘ation t‘o'occdf. Chappell (1969:1) has 9u~gested

.that the duration of the 10w Water temperatures rather than the

absolute mlnlmum reached may be of v1tal importance. =t :..; e T

Kennedy and Hine (1969) suggest hoWever, that the water

-~ Y 2.4 r
- 7
faii . - ~ -2 . ! D
i . = *o R -
bl
l' » . - ¢

. .t '
C . . .
[ " . s . - . R . v E - N
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e in L
/ o5 temporary survival of the parasi_te occurs, and that there'.is a si~-
>, ' - .

Boig e

: | | o . . om
temperature does not directly stimulate egg production, the possibil- ’
T
ity existing that the stimulus. for maturation is supplied by the ‘
“host. The-nature of ‘the_stimulusu is in doubt, but seasonal varia— e . :
. tion in the °endocrine bailance of the host has beendsugge"sted as an
* initiator of the annua% lf‘ﬁature‘)ti\on rhythm " in psrf':"-.i:g‘iltes, .whic_h is
1969) diewoveries tha:t. the comtnence-— Lo
JophJZZaeun Zatweps o

¥ supported by Kennedx 8 (1968
ment of infection of Leucwcuu Leueiscua with C
is co.rrelated with thc commencement of gonad maturation in the host.

L Kennedy and Walker (1969) have‘shown that at 1ow tempera-

tures, C. Zaticeps is better able to esE::lb_l h 11'{ L. leuciseus

) ) ctive rejection of the .
- -

than at high temperatures, probably due to anka
Kennedy (1971) using C. Zatzceps \

parasite on the part of th’g‘host.
' idus - has shown that above a critical ‘temperature of 18°C, only

b .- .
-
i 4

multaneous disappearance of all parasites after three days, rather
The recovery of dead para-

than a gradual loss over a short period
sites from the rectum, and the failure to recover rejected parasités
\

from the holding. tank suggests that 'the parasite 1s being killed

rather than meérely being eliminated from the. intestinal tract, and
n r

LN

that the deadh tapeworm is digested .during its passage down the ali-
) mentary canal., The possibility of an immunogenic response‘ on the
nbout an'tibody production in fish, which is closely dependarnt. on
The”ﬂ
. 4

part of the fish is considered to be cbnsistent with what is known
. \'
increasing sharply above ‘12°C- (Cushing, 1942).

- T
o

SYR N :
temperature,

o rate of response to t-he parasite is ext‘remely rapid (three days),
2 .

’ . ‘and no fish has yet been shoWn 1to produce specific antibodi,es to"

Ce ' . o ]
oY 1Y ..:_ . . ’ Y , .
. X .,
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either parasites or 1nJected antigens within d period of less than

- R S ..

seven days (Cushing, 1942; Orr,’ Hopkins and Charles, 1969) ThUS TR

Kennedy (1971) suggests thatythe temperature controlled death and

2t ‘,n T 1 !

rejection of the par’é.sﬂ:es !ha.y ‘be an immunological response, but it

is unlikely to be of the classical type involving the presence of

V'circulating antibodies specifically directed against th parasite, L o

since antibodies were not able to be demonstrated in the serum.

. — "The effect' of salinity'on"- the ofurrencc of endOparasites
has received lit't'le attention. Dartnall (1972) suggests that the ”
sodium content o‘f the intestinal f.‘lt_t;Lds remains fa1rl¥ cons’tant_:re*'-z

4 IRAT .
gardless ‘of the external environment, ‘thus making it-of minimal value

-

\

'in cestode and digenean seasonal cycles. " ) \
f- R R ’ . \ s

i

"There is thus the distinct possibility that the seaspnal"
cy‘cle’s and la'ck of ‘sexual maturity exhibited in Proteocephézli}f; sp.
.- from F heteraclztus are controlled by the tempevature of the en-

vironme.nt and by host physiological factors c;imilar to those postu— e

,L
L {

lated above.

" -

: The distribution’ of Proteocephalus sp: with regard to the

i N -

length class of F. heterochtus showed the 3-3. ‘J cm. and IO- 11 9 cm..

e ' length classes to have a signlficantly gt Jrequency ‘of 1nfection '

than other length classes, particularly the 5—5 9 cm. and 9-9.9 cmn

length cla'sses.., .The mean' intensity of infeation is also .signifi-
."' \ B ‘ . , . L. - o
cantly greater in fish of th'e 8-11.9 cm. length (:las'ses. than An '

smallexr fish. Hopkins (1959) showed “the lower length classes of
G, aculeatuu to have: a greater-incidence 0f dinfection than the higher

.

1ength classes \1n the fall, the heterogeneity of infection becoming

~ - - ' . - t . -
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less marked in the dsp;‘ing. -Kenn%dy and Hine (1969) demonstrated

that both'the incidence and intensity of infection with P. torulosus

LY

" increased with increase in length of Leuciscus leuciscys. Chappell” RN
. (1969b) noted no significant ‘variation in the-incidence of occurrence ‘,.,,-
o v 3

of P. fillicolis with the leng;h of the hoso G aculnatub. Dartn.all
(197&2) however showed a decrease in incidence and intensity of dn-
festation of P. lelzcolw wlth increased length of G. aculeatus.

E I |

" Dogiel (1958) regards such patterns as being due to .changes
in the’ physiology or diet of the host. However, “Titova® (1955) Tound

\

'_that the 1ower thermal death 1limit'of szhJZZobothr' L Latum L e

plerocercoids depended upon the gize of the fish host, the parasites ‘
& .o
_of smaller "fish succumbing more rapidly than those of larger fish.

'

,'Cgpversely, Hilliard (1959) found that -in Osmerus dentaz,

DY—phJZZObOthT’LMﬂ? Sp succumbed more rapidly in older fish

» .

1Y

No significant difference was observed between the incidence

-

4 N . : )

and intensity of occurrence of Pro(:eocephalus sp.- in male and female

- 4 a

_'F heteroclztus. Kennedy (1968) found mald ¢ ﬂand female L. Zeuczscus @

to be similarly infecte%h(;' Z,at'z,cepc except igf.ﬁthe breeding L - '

- _éeason, when female fish became more hea’vily infected. o . ,

‘y i

. - f Seasonal occurrence of Neoechznorhﬁmhus I'ut'LZL was no?ed in
" the gsamples froma‘Clark's‘ Broo}_c, the parasite being tqtally absent _— v

until Nov‘?:mber. However, no signi'ficant 'di'fferences between Ithé

-y .‘ 'S . - . e

November +and’ December samples were noted w1th regard to id’c:.dence ° -

and intensity of infection and the sex-of the host. 'u .

A P
-, . O

%’alkcy (1967) demonstrated the occurrence of incldencé T

cycles in mature and 1mmature worms, a high }A{cidence of immatutes . o

1 . * . , £ . » CLope . l.‘,.
' ‘ - .



'R

*

-5

‘.infecting' rGasterosteids, itq is

PV - ' .

. T ’."-}‘_ e

being present in summer, autumn and winter, and a high _incidence of -
mature forms In spring, He suggests that such Cycles may be due to

changes.in the endocrine balance of the ‘host, or more likely to én—

virbnmental te
{ -

' A ; O ey . ' . .
.di'ﬁj';"ributi'_oq of N. rutili is non-random with regard to .the dength of
L - ) - S

the host, there being an increase in incidence and 1nten§it}; ‘of

occurrence” with incgease in length of the host. He épecuiat_esi Bhat

_this may be due to a difference in feeding habits of the larger fish,

o
. T-o W »

which eat morg and are thus able to take in more'larvae, or to cumu=

-

‘fative 1nfectic\n~ as a result of the‘secure mode of anchofage of the

worm., - Similar .r-ésullts; ‘were.found by BibBy (1972) from Phozinus
. - . v - N .

phoxinus.

-

~  0f the twelve 'épec‘fes-.of metazoaneparagites recorded in this -
! § .

L3 -

. o T e : &
_survey fram sympatric_pc‘o?dlations of Cyprinodonts gnd Casterosteids,
: ! : - 3

only three speéles (G. stephanus, Proteocephalus sp. and N. rutili)
\ e " ‘ R “ ) » R

were common to b’otl} host faniili,és.
1

o

x
‘

" In all ‘¢éases it would,ap[‘)ear that' one family is the right" or’

nolrmavl'l.lost, and one family the '_"wrong" or ab'ngrmal host ‘family, .
I . LR ° A .
G. stephanus,appears to be specific p¥imarily for F. heéteroclitus,

rl

. . v 80

._e.rat:ure ‘fluctuations.  Similarly, he -gshowed that the

18

 secoéndarily Infecting P.” pungitius, whereas N. 'rﬂtili appears to be C
e ; . pungril pears .

%

ﬁrima;ily,sp'écifi(‘: for Gasterosteids especlally P, pungitius,

e

appea;"ls‘ to (be»ptjimarily. specific fo'r‘ F. heteroclitus, secondafily

] s .
possible that two or more spugjies O'E,v
. * ¥ . * -‘5 .. -

9

-,\PPOr,eocephaZ'uS which were imﬁoss_iblp to identify to the species mt:

" . .- level due to the ;],!.ick' of. séxuall)_v'mature Zaulté, may be involved. \

.

.
Y

e . .o .-

e 'sécond'arily. infecting I heteroclitué: Although Proteocephalus sp.
. N > L ,

g -

i

\y

AR
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"G, stephanus, occurs in F. dzaphanus.

) Species spec1ficity occurs within the Cyprinodontidae of the

’iseven recorded parasite species ihfecting F. heteroulttus, only one

" These d;fferences may be explained in terms of differences in
host immune reaetions,'or in terms of differences 1n the feeding: -
habits of the fish in the case of those parasite species utilising

intermediate invertebrate hosts. . . e

"'As to the nature of the immune mechanisms operating in.this

s ,

parasite-host cohmunity, they may be of the ciassic antibody-antigen

reaction, or a deificetion therebf.

Braten (1966) showed Schistocephalus solidus could not survive

L g

in hosts other than G. aculeatus. No evidence of™antigen-antibody

.reactions was obtained, and the tiﬁe'of death of the parasite from

'impla tation in the new host was too short to allow for antibody pro-
duceion. Since the outer tegument of the worm was observed to rapidly
degenerate, the author suggested ‘that enzymic digestion of the |
"foreign proteins of the worm occurred. However, Orr et aﬂ.,(1969)
suggested that the failure of S. soltdus to develop in experimentally

{
infected P, pung@tius was due to an immune rejecq&on response, the *
QegenErative chapées in ‘the tegument indicating‘the'peesehee of a

¢ytotoxic antibody.

Whatever the nature of the factors controlling .the hetero-

13

. geneous distribufion of parasites throughout the host populations,

the end résult has important ‘consequences in that severe damage add
. ¢ . .
mortality is confined to a relatively-small proportion of thé. host
. . , - -

.population‘(Kennedy,,l972).
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1. Conventional parasitological examination of 728 fish (557 '
" - l

- Fundulus heterocletuu, 28 F. diaphanus, 64 Pungztzus pungtteus, 69

‘Gashkerosteus acuZeatus and 10 Apeltes quadraeus) from four sample jA

o

" areas on the west coast of insular Newfoundland revealed the.presence

of 11 genera and 12 specieélof metazoan parasites.

2. Six genera and seven species were recorded frﬁm F.

3heteroclztus (Gyrodaatylus proiongzs 33% infestation; .G. stephanus,

264, Urocleidus angularas, iBA, unidentified metacercariae; {‘ |
'Hamalanetrbn‘pallidnm; 22% infection; Profeocephalﬁs sp.,;Gﬁz;'f
.Neoechinorhynchus mtili, . 1%)s 1 genus and species from F.
dzaphanus (U. angulapzs, '100%3) 5 genera and species from P.

puhg itius (G: stephanus, 12%; Brachyphallus arenqtus, 5%;

Proieogepﬁa@us sp.fllai;}N. rutili, 45%; and Thersitina Qastepbstéi; N

~

31%); 7 genera and species from é ‘aculeefns (B, cnenatus, 3%;
Derogenes vapzcus, 4% Eubothrtum SP. 1 5%3 Proteocephalus SP.s 6%;
N. rutili, 1.4%; T. gasterostez 29% and Argulus eanadensis, ‘1. A/),
and 4 gedera and species from Apeltes quadﬁgeus (D varzaus, 20%;
’Ppoteoeephalus sp., 10%; W, Putzlm 10%; and T. gasterostez 10%).

3. Host records are established for G. stephanus (P pungtttus),
'U angularzs (F. heteroclltus) and N. rutzlz (928 heteroclztus)
Canadian records are noted for G. stephanus and U. angularz and
ANewfoundland records for G.' prolongzs and H paZthum. -\;fj>

4. DifferenceSrin the parasitofauna of F. heteroclztus are

i

Ve

e
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\-évident betbeen-the sample aréas. Of "the 3 species of Monogenaa,'

P

Nl

.U anguZarzs from Frenchman s Cove, G. prolongzs and U, anguZarzsf

least Iinfestation.in the 3-3,9 bm.{ nnd_lo-li;9 cm. host length

“ '

G. stephanus is most common from Clark's Brook G stephanus and‘ '

v

‘from Mummichog Park and U.. angularts from Seal Cove. Gill meta—'

s! .
cercariae were found only in Mummichog Park and Frenchman s. Cove,'

. whilst 4, pall?dum was absent from.Clark's Brook. /. rutili was

. X » .
found only in Clark's Brook, wherdas. Proteocephalus sp. was common

to all areas.

R |
5. Non-random distributions of parasites with regard to length -

[

and sex of host were noted for F. heteroclitus. G. prolongis showed

. v

N

and 9-10.9 cm. classes and. U. angularis showed minimum occurrence

'in the 3-3.9 cm,., 7-7.90cm; and 9-~10,9 cm.hlength classes. 'Thg

.10-11.9 cm. length class wng more infected with H. pallidwn than

other length'classes, whilst Préteocephalus sp. showed maximim .

ircidence of occurrence in the 9-9,9'em. and 11-11.9 em. classgs{

[}
. L

Males vere more infested qitn‘Monogeneé than fghales’in

5 .

' Clark's Brook, whereas'fémales were more infested than mn%gs in May

v

" (Mummichog Park) and Jung-(Frgnchﬁan's“Cove), and showeq greatgr.

»

intensities of infeétation in June (Frenchnan's Co%eﬁ;-Jnli and

Sept. (2) (Seal Céve). No differences in the intensity or incidedce

ofhinfeétion of males and femaleg'were toticed for H, “pallidum, ‘57

. D Y

Proteocephalus sp. and N. rutili. | -. . o ~

6. Seasonal incidence cycles were demonstrated for several

A

ségcies of parasite from F.. heteroclitus, showing peaks of occurrence
| . ) '

. {

‘N

classes, G. stephanus exhibiteq/minimum gnfestation in the 3-3.9 cm.,AN
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Nl

in spring and fall (G. prolongts, H. ‘pallidw, and Protéocephalus Spe)s

peak occurrences ‘in the _summer - .

.

A

- the fall (N. rutzZL) An increase in-

ularzs), and peak occurrence in

idence was noted for G.

- ' S

stephanus from spriné to fall. - L ‘ . ' : S

.

7. No significant monthly variations in bpdy length and incidence
“ ) . c [ \ 3

H. paZZLdum ‘and Pnoteocephalus sp. were noted. . ' Lo T

8.:-Specific site preference Qf Mongenea on F. heteroclitus' was .
obServed, G, prolskgzs preferring the fins whilst G. stephanus and

“

U. angularzs preferred the gills. No preference was noted for a
particulat giil arch, although Arch IV was significantly ‘less7in-

fested than all other archess ,The pectoral fins were the leastfin— )

N !

. fested of the infested fins, and ‘the caudal fin showed the éreatest"
R ! P - - ’

i intensity of infestation. Fish from Seal Cove and,Mnhmichog,Farki

v

. showed a greatef,mean intensity of infestation than fish from other
$. . - * .

areas. No seasonal variation was noted in the relative distribution

N
N )

of’ Monogenea on the gills . and fins. )

g . 9. The physical nature of the fishes enVironment was noted with
regatd to surface’water temperature, pH and salinity (specifioiion-'

ductiv1ty).

", 10, Factors which may Qelresponsible for seasonal cycles and-

1

heterogeneity.of distribution of ‘the parasites in the communities
. \ : . ' .

—

"studied were discussed, with particular reference to the effects of

host diet, physiology and the effect of selected abilotic environméntal

. o f
factors.such as salinity and surface water temperature, -

v

t

¥ .

of occurrence of larvae and/or eggs in G. prolongzs, G.. stephanus, IR

o,
<
.
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