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- §“ Aspects of . the. ecology -and patasite fauna of
landlocked and anadto-ous A:ctic charr, s;l;gl;nng glg;nng,

vere investigated in nprthe:n Labrador during the summer of
1983, Accelerated, grawth coincided with the first evidepce
of feedlnq nigrationza\\b the sea for the anadromous’ charr
and with the adoption of a piscivorous diet for the
landlocked <charr, ©PRarly nsaturation :in small - kandlocked
&¢harr may be due to r;dﬁced food intake in the first 3
suasers  of life resulting, ”ultilately. from high
intta;;;cific coapetition:; Twenty-two species of metazoan

parasites vere collected fron the landlocked and anadromous

charr, One species, Tetraonchus popeptereon., rep:eseﬁts a

H
new host record. Based on parasite faunas, stomach content
”

analysis and location of capture it appears. that some young

{( <4+ ) charr, not, yet ready for the annual seaward

migration, may make short feedinq excursions into

saltwater. The eyes of landlocked charr were more heavily -

infected vith Diplostonum 'sp. than has ever . been recorded
for any species of fish. The.high 1infections observed do

not cause mortality ‘or result 4in significant vision

impairment in the charr even though much lower infections .

may result in blindness in.other salmonid species.
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- faibles pcu;ent causer la ci\\té.

‘ \\\\lcerfain aépeck$ de 1vécoldgie et de la fak&e

accélération de la croisswnce des individus est’ associée

paraxitaire d'ombles cheqvaliers de populations cantonnadés

et ana¥romes ont été &étudibs pendant 1°6té de 1983. Une

s
%
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1& premidre migration en mer chez la population anadrome et

32 1v'adopti d'une didte -piscivore chez la population

cantonnée. Lis ombles can}pnnées atteignent, la maturité
, - . . A
sexuelle prélat rénent, possiblement 3 cause d'un sangue de'

nourriture relié\ a une forte compétition intraspécifique

durant les trois \ premiers étés de leut'vie. Vingt-deux

3

espéces de parasite

deux populations. L\epéces Teiraonchis .gngnggfgn a ‘Até

troav6es pour la  premidre fois chez l*osble chevalier.
Dfaprés les faunes parasitaires, 1l'analyse des . contenus
»

§tolacaux et les lieux @ captures, il semble gue quelques
Jeunes ombles (<4+) font \de éourtes*exhgésions\én’ler pour
s liIeDt;r, n8se s'ils n s;nt pas tpnt 2 fait pr@ts pour
la L@ratioﬁ annuelle vo} la mer. Les ombles cantonnées
sont infest8s aux yeux par|le tr‘la}bde g;glgg;g.nl,qui Qn

niveau d'abondance encore Jjamais thpportﬁ pour aucune

espdce de poisson?agﬁs osbles n'en ,h meurent pas, et leur

chez d'autre

¥

vision'i?‘\ﬁflbli pas s*gfifidativ-lont affcct‘o?‘ aShne si

s salmonid€s,‘des niveaux ad*infestation plus
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métazoaires on 4t trouvées chez les -
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landlocked <Charr Lake and the anadromous
Ikarut BPiver / Hebron riord systesn,
northern LabradOfcccceseccssscccsssoccrvascosansans 13

[}

+~ CHARTER IH0 ", )
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AN Table 8. Changing prevalence (X) nith age for larino
\\ _/ brackish water and freshwater parasites
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R ‘. Hebron Piord) and for freshwater parasites
; "+ in the landlocked system (Charr Lake)..cecesscecoee 65

Table 5. Percentige of anadromous charr from the
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0 Table 1. Level of infection with 3increasing age of
: , Arctic charr with metacercariae of the

. oL genus Diplostomus. Age, mean number of
) . netacercariae per fish at each age, sample

. size, standard deviation, percentage- -of

3 . fish infected at wpach age (prevalence),

! percentage of fish with metacercariae in, at .

least one lens, percentage of -metacercariae ,
found in the lenSo-coocrc”-nnooucoo-c\oanooooo.o.o' 90
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CHARTER_ONE

Figure 1.
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Figure 2,
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Figure 3.

Figure 4,
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Location map of Hebron Fiord, northern 4 vy

Labrador, and inset showing Ikatut BRiver =
and the Charr Lake sampling sites..............Xi 7

Top:. Plot showing mean length at age -

for anadromous (Ikarut River / Hebron Lo .
Fiord) and landlocked (Chacr Lake) \
populations of Arctic charr in northern ™\
qurador. s . \\
Bottom: Plot of raw length data versus \ .
age data for small and Yarge forms of ' }sf

Arctic charr® from Charr Lake showing one -
continuouns gro‘th CUIVE@e esnsoovscncsvsssamcssssae 16,»~

Frequency block chart showing the state of
maturity at,each age (adjusted to 100%) of
anadromous charr from the TYkarut River /
Hebron Fiord system (R) and the landlocked
Cha;r Lake (L).l..ll...IQ..‘...'.'..l..-..l..'.. 18
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Histograas showing the proportions ofsfood
items found in the stomachs of Salyelinus Co .
alpinus (adjusted to 100% at each age) for o
the anadromous charr (Ikarut River / Hebron

Fiord) and landlocked charr (Charr Lake)eeesioess 21
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Frequency block ° chart showing’ stomach ’
fullness levels at each age (adjusted to’

River / Hebron Fiord systes (R) and the
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Frequency block chart showing stomach - Lﬂ‘
fullness levels for immature fish (maturity

states 1 and 2) and maturing fish (waturity

state 3) caught between July 25 and August .
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28 to 30, 1983 (A), in Charr Lak€esceoscsnsscsceccs 26
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Figure 1. -Sectional diagram of the eye of a bony fish
} showing locations of the nmetacercariae of
& * . DRiplostosyn/ sp. in the eye, of Arctic charr.
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The investigations idescribed in this thesis vere
carried out in conjunction with a long tere study of Arctic
charr population dynamics in northern Labrador by the
Depar tment of Pisheries and Oceans, St. John's,
Newfoundland., Punds were mzde available to me by DFO in
the fore of 2 contract to BcGill University for a period of
one year, Logistic costs north of Goose Bay, Labrador and
use of thear field station near Hebron, Labrador wvas als;:
provided py DFO, fisheries technit‘i‘ns assisted in the
capture and nmeasuring (length and wveight) of some oOf the
fish., * The Department of Fisheries and Oceans also supplied
lab space in St. John's but analysis of the collected
material was all carried out by myself, As part of the
contract with DF0 it was necessary that I investigate the
parasite faunas of the Arctic <charr in this region. This
was carried out for landlocke3d and anadromous -Arctic charr
of 211 ages and done in comjunction with 2 study of the
ecology of it“hese fish, Special attention vas paid to the
less cosmonly studied juvenile charr (0+ to U+).

cb';.pter'One investigates the ecology of the Arctic

charr in northern labrador arpd Chapter Two investigates the

\ .
-parasites of these fish and uses the parasites to »nmake

ecological stataments about the charr, During the parasite

investigation an extraordinarily high number of eye flukes
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vere found in the <eyes of the landlocked charr. Chapter
Three describes this parasite infection in detail and makes
state;ents about the implications of these infections.

Fach chapter has been written so that it can stand on
its own as a separate wvork and it is intended that each
chapter will be submitted for publication separately éo a
refereed journal, For this reason each chapter ggntains
its own abstract, gntroduction, saterials and methods, etc.
and, understandably, «contains a _certain amount of
repetition, The chapters of thls <thesis have been written,
in a style similar to publicagifns in the
Canadian Journal of Fisheries_and Aguatic_Sciences.

’ At present, Chapter Three has been subajitted ¢to the
Journal of Wjildlife Diseases and has Dbeen accepted pending
some revision. Ny co-author, Dr. Mark A, Curtis, was not
involved in any of the data collection, analysis,
prepvaration of figures, or. the first original draft. Hfe

did, however, contribute significantly to its style and to

the emphasis of the chapter's contents.
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Historical in;roduction to the Arctic charr ¥problea”

-

Arctic charr (Salxelinus alpipus) are infamous for
their well knowri morphological plasticity and "ability to
occapy a variety of habitats (Behnke 1972, 1980; Johnson
1980). The great variety of forms of Arctic charr has led
to the naming of many specie; and subspe&ies. Nyman et al.
(1981) recognize three sibling species in Scandinavia (§.
alpitus, 5. salvelinus and 5. stagnalis) Whereas others in

the USSP (cf. Savvaitova 1983) still recognize 12 or more

/<§EE§peq}es of 5. alpipus. In North America the §. alpinus

wcomplex” has been described as composing of at }east two
foras: the eastetn Arctic charr and the western Arctic
charr (McPhail 1961). As well, the west coast of North
America fé inhabited by the Dolly Varden charr, Salyelinus
malsa (Walbaum), The recent :ork of Nordeng (1983) and his
"solution to the char problem™ has shown. that, in Norway,
coexisting fores of Arctic charr are represented by only
one species (S. alpinug). Nordeng's rearing and
transplantation experiments demonstrated N that three
norphologicall; different, coexisting, foras of \Arctic

charr belonged to the same gene pool and that single

individuals could manifest all three forms during their

lifetime., Kornfizld et al. (1981) studied five isolated

populations of 1landlocked charr in eastern North Anerica

and compared them electrophoretically to anadromous charr

Ale Bne
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frow the Northwest Territories, They concluded that the
genetic 4ifferences separating these charr uere'probablz/Bf
limited evolutionarvy consequence.

Klemetsen and Grotnes (1980) state that "Two dpposing
hypotheses ralate to the occurten;e of sympatric stocks of .
arctic charr species, One“clails that <charrs evolved
allopatrically during the 1a§t glaciation, and that their
present distribution and’ syspatric coexistence is due to
immigration from separate glacial refuges (Svardson 196i,

Hcpﬂgil 1961, Nilsson § riyipsson 1971, Nyman 1972); the .
other claims that charr lare conspecific (Prost 1965,

savvaitova 1961, 1973, Seppbvaara 1969, Kolyushev 1971),

and that their segregation may have occurred in postglacial

times (Behnke 1972, Skreslet 1973b)%™. Savvaitova (1983) .
states that "some researchers still prefer to explain the

origin of sympatfic qroupinqs\ by sultiple invasions, using

for the purpose frequently extremely contradictory data

from other sciences™, :
, )
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Ecology °%, landlocked and anadromous Arctic charr

(salyelipys 3lpimus) in northern Labrador.’

.
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Abstract

The ecology of landlocked and anadromous Arctic charr

(Salyelinus alpipys) was investigated in the Hebron riord

‘region of northern Labrador during the summer of 1983, The

anadromous charr poﬁulation (8+ at maturity) exhibited

accelerated growth at 3+ coinciding with the first evidence -

of feeding -ibrations to the sea, Landlocked charr
diverged from the anadromous charr ip growth after their
third summer of - 1life (2+). The first spawners of
lgudlocked_charr ware observed at an age of 3+ with more
than 50% of the charr mature at 4+, A small proportion of
landlocked charr (9 of 225) grew to a large size similar to
-;ture anadromous charr. All large landlocked charr were
piscivorous on sticklebacks (Qgg;g;gg&ggg aculeatys) or
small chaftt Accel;rated grovth (at 8+) in the landlocked
population coincided with the adoption of a piscivorous
habit, Feeding was on similar food items in young (<&¢)
anadromous and"'lanalocked charr. Parly maturation in the
small 1landlocked charr i@ay be. related to reduced food
intake in the ’¥1t8t 3 summers of . life resulting,

ultimately, from high intraspecific competition.
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Introduction,

The ecology of the Arctic charr, gsalvelipus 31313;&.
has been studied in Canada by a variety of people
including: Grainger 1953; Andrews & Lear 1956; Saunders §
Power 1969; McCart«& Craig 1973; Moore 1975; Johnson 1976,
1980; Frase£ & Power 1984 ; Dempson £ Green 1985, however,
the Arctic charr of the Paleardtic has had - a much greater
history of investigation jg. Nilsson 1955, 1965; Nordeng
1961, 1983:; Savvaitova 1961; Nilsson & Filipsson 1971;
Fumann 1972; Klemetsen & Grotnes 1975, 1980; Henricson &
Nyman 1976; Jonsson & Ostli 1979; Hindar & Jonsson 19823
Jonsson & Hindar 1982,

The variety"of morphs that can bg exhibited by Arctic
charr <mphasizes the plasticity of tsis fish and its
opportunistic nature (Johnson 1980, lordeng'1983). The
result is different populations of Arctic ¢harr exhibiting
highly variable growth rates within and betveeﬂ populations
(cf. Johnson 1980). Nilsson and Filipsson (1971), Hindar
and Jonsson (1982), Klemetsen and Grotnfgﬂ(1975) and others
have shown that when more than bne morph exists in the same
locality there exists a food and habitat segregation
between the morphs, Hindar and aqpsﬁon (1982) studied two
charr mnorphs from the same localitf in lNorway that

developed from a uniform young phenotype. The habits of

)

these two wsorphs indicated that they were adapted _to.

-
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different niches during the qrowth season., They concluded
that habitat ‘seéfegation vas due to intgkspecific
competition for food and they hypothesized that thgpnu-ber
of charr lOfEhs vithin a locality depends on the numbar of
available Wiches during the growth season,

John%Bn {1980) believed <that the Adifferences 4in
rorphological traits and the various foras of segregation
result from different phen;typic expressions and the Arctic
charr's opportunistic nature to fill empty niches in
response to “different ecological conditions, not genetic
differences. Nordeng (1983) states that segregation during
the young stage depends upon both genetic constitution and

©

access to food, Skreslet (1973a,b) and Numann (1972)

believe that segregation results from acological rather’

4than genatic differences’whe:eas Jonséon and Hindar (1982)

suggest that it ‘may be due to random =vents that result in
certaineindividuaf§ experiencing increased growth rates by
chance. i

The present study on the anadromous charr of the
Ikaruyt River and landlocked charr of Charr Lake, Labrador,
was undertaken to obtaip biological infotlation on
virtually unexploited populations of Arctic charr living in
the same river system. Peeding, maturation and growth of
the anadroaous and 1landlocked charr were conpared and
special attention was paid to the young charr of each group
where data is often lacking. Since Charr Lake apparently

&
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harboured two morphs of Arctic charr the ecology of these

fish was studied and compared. < . !
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Materials and Methods . .

L

The present investigation was carried out in
conjunction with a 1larger study by the Department' of
FPisheries and Oceans, St. John's, Arctic.“charr were
sampled from northern Labrador between July 13 and August
29, 1983, sampling sites (Fig. 1) were the Tkarut River,
Hebron Fiord and recently named Charr Lake (Newfoundland
Geoqgraphical Names Board, St. John's, 198&).‘Chatr Lake is

approximately 23 hectares in area with a shallow, rocky,

litteral fringe and about 53 mn depth (J. Hammpar, pers.

comm.) in the centre., The lake harbours only Arctic charr

and threespine .-sticklebacks (Gasterosteus acyleatus). These
fish are landlocked owing to a series of waterfalls along
the 1lake's outlet stream, which drains into the Ikarut

River., The river substrate is mainly loose gravel and

-rubble (Murphy & Porter 1974) and is relatively unstable,

The region of study lies about 25 ke north 6f the'northern
tree 1limit (Elliott & sShort 1979). The TIkarut River
cogtains Arctic charF. - and brook trout (Salyelipus
foptinalis) populations, and empties into Hebron Fiord, All
fiord fish were captured in water where salinity ranged
from 26.0 to 29.0% . River charr were taken within two
kilometers of the mouth of the Ikarut River in freshwater,
the uajof{ky taken in the vicinity of the loutﬁ.;Liédldckéd

charr 'were captured in the littorfal zone and some deeper
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Figure 1. Location map of Hebron Fiord, northern

TP -

tLabrador, and inset showing Ikarut River
and the Charr lLake sampling sites,
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a;eaé located »cloég to <the shore, Fish coliecticns _were
sade using a dip.net, hand seine, fyke net, and gill nets of
mesh s%}kscranginq from 19 an (3/“") to 114 ama (4 1/2n), Yrork|
length.and total éwelght (whole) vas recorded for frg§h‘fish!
which were then preserved in 4% buffered formalin.. Later;;
the charr were transfetred to 70& ethyl alcohol. Only thef

head and viscera were preserved in larger fish (>20 cmn). ,

0toliths werse resoved to age the charr and sex was?
recorded., Youn& chqtr (0+ to 1+ years) were sexed with thq
aid of a’ hissectinq liCtoscgpe. S’tonac:a contents verJ
collected and <classified only from freshl{ caugﬁtq fisg
(usuillj cauéht and preserved within one hour). The uajorit#
of stomach. samples were takgn‘betgeen July 25 and Rugust 1§
(1993) ip the lake, river and fiord, with at least three
s?fylinq.détes pgr-arEa over . this period. Pood iteams weﬁ%“
classified “according to the major groups ‘te~Which they
be%&hqed (cf. Fig. ui. The proportion of the stona#h
occupied by each \%Jfgg was then estimated and recorded.

Stoiach*fnllness vas estimated uslnq the following guiﬁe:
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) ° STOMACH
FULLNESS CODE DESCRIPTIOR
0 . Empt
- mpty

1 Nearly Empty
2 Medium Pull
3 Full

—— - — A —————— —_—— " ] - —— — " S~ ——— " . —

. Gonadal maturity states were determined according to the
description given below and is similar to that employed by
the Freshwater and Anadromous Fisheries Program, Northwest

AMtlantic Fisheries Centre, St. John's:

~
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MATUEYITY STATE DESCRIPTION
1 Iasature, gonads not'developed.
2 Maturing, some gonadal development but

spawning will not likely occur this year,

1 Mature, fish will spaws this year,

4 Ripe, gonads fill body cavity, sexgal
product easily =2xpressed froms fish,.

5 Spent, fish spavned earlier in the ‘year,

5 S'pawned previously, naturing this year.

7 Spawn=2 previously, wmaturing next ysar

or beyond.

9 Questionable.

I'4

‘o
Tn this study all fish with 2 nmaturity state greater

=
\

than or egqual to 3 are considered to ber nature, Pish in
saturity states 1 or 2 are considered immature. Fecundity
data were collected only from fisk in maturity state 3 and
average eqqd size was detersmined only from fish in maturity
state 8 as fish in the latter state may have ah"eady lost
sone qus- and fish in the former state did not contain wmature
eggs, Fecundityv was deterwnined by direct enumeration and egg
size was deterained by taking the average length of 10 eggs
placed ina 1line. All figures except Fig. 1 were generated
using the <coaputer graphics systen SAS/GRAPH from the

Statistical Analysis Syster of SAS Institute (Cary NC, USA),
= 4
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Rasults

A total of 433 Arctic charr wer2 collected from the
Tkarut River and Hebronp Fiord (anadromous system). There was
no evidence to suggest that these fish were anything other
than tﬁw( inadromous stock Je. 1o stream resident fish were
present in the sample. Two hundred and twenty—-one Arctic
charr were taken from Charr Lake (landlocked system). The
p2 joraty of landlocked charr matured at a serall size and
22Tly age and Were caught along the littoral fringe of the
lake, Only nine cparr.were captured that were comparable in
size to mature anadromous charr and these vire all taken in
de<p water, Summary statistics €or charr from the landlocked
and anadromous systems are cospared in Table 1., Sex ratios
for both the anadromous and landlocked <Ccharr were 1:1 at each
age and for each population., Mature anadromous charr had a’
mean length of 54,8 ca (SD = 5,327) and mean age of 9.0 years
(sD = 1.512). Mature 1§ndlocked charr fell 1into two groups:
small mature chérr caught in the littoral zone (mean length =
13.3 cm (SO = 1.659) ani m=2an 2ge = 4,3 years (SD = 0.786))
and large mature charr caught in deeper water (mean length =
58.1 cm (SD = 2.715) and mean age_ = 14.9 year§ (sD = 2.5495)),
M2an fecundity in the spall charr was 7% eggs per individual
and mean eqq size at saturity uag_u.u am, .

Growth rates (mean lénqth—at-aqe) in the first three
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Suswary statistics comparing the =mean,
range, standard dJdeviation and sample size
with age for the variables fork length and
whole veight for Arctic charr from
landlocked@ Charr lake and the anadromous
Ikarut River / Hebron ¥iord systen,

.northern Labrador.
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AGE GROULP

0o+

1+

2+

3¢

. £

(.14 a+ 16+ 19+
CHARR LAKE
MEAN LENGTH (W) 4.6 6.9 9.5 n.4 13.9 15,5 19.6 58.0 58.0
NINDAN 31 5.9 8.3 9.0 10.3 12.3 19.6 55.0 58.0
MAXTMUN 6.0 1.7 1.8 14.7 18.1 24,3 19.6 61.0 58.0
S.D. 0.739 0.547 0.925 1.508 1.621 5.6843 - 4,243 -
MEAN VEIGHT 6M) 1.3 4.0 9.5 17.8 N4 58.1 75.7 1850 1650
MININ 0.5 2.1 6.0 8.6 10.2 18.5 75.7 1450 1650
MXINM 2.4 > 5,6 . 17.0 .4 74.8 168.7 75.7 2250 1650
S.0. 0.492 0.943 2.845 6.826 13.18 73.80 - 565.7 -
N 26 18 19 . 37 36 4 | 2 1
AGE GROUP 0+ 1+ . 2+ 3+ 8+ e+ 7+
IKARUT RIVER
HEBRON FIORD
MEAN LENGTH (M) 4.) 6.4 9.9 13.6 26.4 35.4 49.1
MINTNUM 2.5 4.5 1.1 8.8 22,3 15.0 45.0
MAXINUN 6.1 10.2 13.9 24.5 32,2 49.5 55.0
S.D. 0.874 1.184 1.1 3.170 2.677 12.46 3.564
MEAN WEIGHT (GM) 0.8 3.0 9.8 27.8 185.7 600 1300
NININUN 0.2 1.1 33 5.8 100,2 25.5 950
- MAXINUN 2.0 10.2 19.3 147.5 350.3 1250 1800
S.D. 0.413 1.640 3.246 25,92 67.80 504.5 334.2
L] 85 62 9 9% 14 8 7
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summers of 1life were similar for the anadromous and
landlocked charr (Fiq, 2). Afterwards, 1landlocked charr
éppeared to have a slow rate of growth compared to the
anadromous charr up until an age of 8+, Landlocked Arctic
charr older than 8+ exhibit a rapid period of growth and
attain a size similar to that found in the anadromous
gopulation. The period of accelerated growth in the
anadromous population appears to occur between 3+ and 7+
vyears whereas it occurs betwgen 8+ and 11+ years in the lake.
The original 1length-at-age data in Charr Lake (Fig.‘ 2,
bottom) shov the separation E?tween the small and large
landlocked <charr with the latter exhibiting the greatest
lengths and ages.

Anadromous charr matured at a larger size and older age
than the maijority of landlocked charr (Pig. 3). Mature fish
do . not appear in tha anadromous system until 7+, In
contrast, mature charr appear in the landlocked systea at 3+,
The age at which at least 50% of the charr are mature occurs
at 8+ in the anadfo-ous system and 8+ in the landlocked
systen, ‘

Pish in wmaturity state 7 are often difficult tqa
distinguish from fish in wmaturity state 2. This may be
reflected in the maturity data by a high proportion of the
latter in the older fish, It is also not possible, generally,
to differentiate between first time spawners and repeat

spavwners. -
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Pigure 2,

(e -16-

Top: Plot showing mean length at age

for anadroamaous (ITkarut River / Hebron
Fiord) and landlocked (Charr Lake)
populations of Arctic charr in northern
Labrador, }

-

Bottom: Plot of-raw length data versus
age data for small and large forams of
Arctic charr from Charr Lake showing one
continuous growth curve,
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Figure 3,
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o

Prequency block chart showing the state of
maturity at each age (adjusted to 100%) of
anadromous charr from the Ikarut River /
Hebron Fiord system (R) and the landlocked
Charr Lake (L), Values immediately under
dach block are sample sizes,
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The change in the é%oportion of major food items found

3

in the stomachs of Arctic charr at each age was deter;ined

from stomach content analysis, In the anadromous systen

(riqg. 4, top) chironomid larvae and general botton
invertebrates are important in the first year of 1life with
decreased importance 1in each successive year until 4+, The
prbportion of diptera pupae increases until 3+ where the
first occurrence of wmarine food items (copepods, aysids and
amphipods) appears -in th2 diet. The percentage of wmarine
food itams in the stomach of the anadromous charr increases
until 6+ when the charr are feeding exclusively on these
itens, Fish become part of the diet at (04 vithe some
indication of increasing consumption with age. All fish
tecovéred from the stomachs of anadromous charr wvere small
(<3 cm) Juvenile sculpin (probably Igelus spatula). The
exceptions were 3. large charr which each contained on; of the
following: a 6.0 cm sand lance (Aspodytes sp.), 2 13.0 cm
capilin (Ballotus yvilloesus) and a 17.5 c» grctic charr
(Salvelipus alpinus). '

The diversity of major foo%/itels is not as great for
the landlocked charr, which appear to be feeding more heavily
on particular food items (rige. 4, Dbottom). Bottom
invertebrates remain an important food item at least until

the charr are 5+ and the proportion of airborne insects in

the diet increases until 6¢, At 6+, and a length greater than

24 cm, 2all 1landlocked charr have become piscivorous. The

- _—— . - e e o AR - P 1 o oarce — . . e
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Histograms showing the proportions of food
items found in the stomachs of Salvelinus
alpinus (adjusted to 100% at each age) for
the anadromous charr (Ikarut River / Hebron
Piord) and 1landlocked charr (Charr Lake).
Airborne insects include flying and
terrestrial insects, Bottom invertebrates
include bivalves, pelecypod mollusks and
rainly insect larvae, other than diptera
pupae and chironomid larvae, found in the
benthos,
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smallest piscivoégns charr was - fouﬁﬁ to beJ feeding
exclusive}y on tﬁreespine sticklebacks )(Gng&gngs;ggs
aculeatus) whereas all %he other piscivorous charr fed
exclusively on smaller G&gﬁ;. A total of 19'°stickiebacks
(mean langth = 1.6 cm) were recqve{ed fronm fhe?stomach of the
smallest piscivorous charr. rivef lafge piscivorous charr
contained a total of 17 smaller Arctic charr in their

stdmachs. Th2 nmean length of these prey iteas was 11.8 ce

with a3 range of 9.5 to 14.5 ca. All other elarge landlocked

.charr had empty-stomachs at the time of capture.

T~ . .
e relative proportion of stomach fullness 1levels at

each age <hows differences betvween the‘ anadromous and
lanilocked charr (Fig. 5). The anadromous charr tended to
have full stomachs in the first four summers of 1life. Over
the same ages, the 1andquked' charr had oaly a small

proportion of full stomachs and 'a much higher préportion of

[

nearly enpﬂy stomachs. As 'a general observation, it was also
D ! 4

apparant that when anadromous charr had full stomachs they

were ,in fact, distended whereas 1landlocked charr rarely had

distended stomachs when they were full. Landlocked charr in

;;ggrity state 3 or 4, that were caught~in late sunmer before

~

wning, * were found to have a high proportion of empty
stonachs)(Fig. 6). These were not iﬁclgged in the .data of
Fig. S sinée the reasan for this 1is probably abehavioural
(related to spawning) and not relh%ed t&J food azailabiliiy.

3

o
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vYigur2> 5. Frsquency block chart showing stomach
fullness levels at each age (adjusted to

100%) of anadromous charr from the TIkarut

River , Hebron Piord systen (R) and the

landlocked Charr Lake (L). A stosach

° 4 fullness value of zero represents an easpty
stomach and a value of 3 represants a full

) stomach. Values immediately under each
block are sample sizes. Charr in maturity

state 4 and’ those in pmaturity state 3

caughe— in lid-tq:;ake”"iuqust (19 to 29,

1983, spawnin eptember) ‘were not included
in the ;iqﬁfgﬂ?zée text),
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Frequency block chart shovwing stosach
fullness levels for immature fish (waturity
states 1 and 2) and maturing fish (maturity
state 3) caught beotween July 25 and August
4, 1983 (J), and those caught from August
28 to 30, 1983 (A), in Charr Lake, Charr
spawh in September. Saaple of  wmaturity
state 3 fish from late August (A) also
includes fish in msaturity state 4, Values
immediately under each block =are sample
si1zes,
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Di scussion

It 1is apparent that the growth patterns of the
anadromous ani landlocked charr from the study site begin to
diverge‘ after their third summer of life. In the fourth
summer of life (3+) some anadromous charr will spend their
first summ2r 1n the sea and some landlocked charr will spawn
for the first time, Th2a necessarily 1large expenditure of
anergy nesies to produce reproduct;ve products 1n the small
landlocked charr and the accelerateil growth due to marine
faeding of the anadromous charr‘results in further divergence
of th2ir arowth curves,

Prom the feeding studies and growth curves we can
concluie that accelerated growth in the anadromous charr
occurs when th= fish first begin feeding intensively in the
sea (at 3+ or 4+), The accelerated growth in the landlocked
charr of Charr LaXe occurs when the fish develeop 2
piscivorous feading habit between 6+ and 10e, Numann (1940,
from Numann 1972) proposed that some of the charr recruits
bec2m2 piscivorous at a certajgn size and begin a new stanza
of growth, thus accounting for the large difference in size
betwean the two forms. Available data suggest that this is
what is occurring in Charr Lake, Individuals may first begin
feeding primearily on sticklebacks, eventually switching to

charr 2s they increase in size, PFraser and Power (1984)

found a2 similar situation in Lac Ducreux in northern Quebec.
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Arctic fish opopulations are known to often exhibit
bimodal population stfuctures (Joh;son 1976) . Length
frequency distributions of upstream aigrating anadromous
charr (Fig. 7) caught in a counting femce on the Ikarut River
during 1981 and 19382 (from Porter & QNempson 1983) show =a
characteristic bimodal distribution. 1In contrast age
frequency distributions for these fish were not bimodal. This
w2s 21sc observ~d in the Ikarut River during 1983 (Dempson,
pers. comm,), the year of the present study. A trough in the
langth frequency distribution occurs between 20 and 40 c»
vhich coincides with the length interwval over which
accelerated growth takes place in the anadrosous charr (FPig.
2), Th=z landlocked population in Charr Lake also exhibits a
bimodal length frequency distribution, The central region of
the lake was“inaccessible to sampling so further sampling may
support or refute this finding, The large, piscivorous,
landlocked charr were observed to feed axclusively on smz2ll,
Rature or ;aturing, charr, Yevw intermediate sized charr were
collected 3uring sampling resulting in the bimodal population
structure, Johnson (1976) hypothesized ;hat the adult
portion’ of the populatioﬁ suppresses the juvenile rlode
through some suppressive force and that the suppression is
evidenczd1 by the bimodal structurz of the population. He
suggested that cannibalism plays some part in the

suppressive process but that it is unlikely to be the main

o p— B e I Lo
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rigure 7. Length frequency distributions of upstreas
aigrating anpadromous charr caught in a
. counting fence on the Ikarut Biver during

the summer of 1981 and 1982 (from Porter §
Dempson 19813).,
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a

mechaniswe, Power (1978) stated ‘that it is the combination of
the growth and mortality patterns (coupled with the long life
spans of the fish) that produces the bilodal population
structure often found in Arctic lakes. Power's (1978)
explanation is most plausible for Charr Lake although the
piscivorous habits of large charr feeding on larger:
individuals of the small aature charr 1likely enhances the
bimodality of the population,

In alpine and arctic lakes where the <zooplankton
cosmunity is smell 211 charr may be ™dwarfs" except for
cannibalistic individuals (Hindgr & Jomnsson 1982); Based on
stomach content analysis charr Lake fits this §?scription‘
Numann (1972) states that Neresheimer (1941), Schindler
(1936, 1950) and Numsann hisself agree in effect that slow
growth is r=lated to food availability, either
physioclogically or ecologically, Hindar and Jonsson (1982)
hypothesize‘ that the occurrence of different charr morphs
depends on the number of available niches during the growth
season and that habitat seqreqgation of the morphs is due to

intraspecific competition for food. Jonsson and Hindar

'(1982) stat= that large males ars probably the principal

spawvners throughout the spawning period and appear to

feortilize first the eqgs of large females, then of the small

maturing females,
#e have seen that in the first 3 suamers of life growth

is virtually 1identical in the anadromous and 1landlocked
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populations, Immediately after this period the small
landlocked <charr begin sexual development whereas thz
anadromous charr begin to accelerate their growth rate.
Nordeng's (1983) transplantation and rearing experiments lead
us to believe that the anadromous and landloéked charr have
the same potential for growth, The feeding data show us that
the landlocked charr have about the same selection of major
food 1tems in these early years as the }nadrOlous river charr
although the proportion of these food items in the stomach is
Aifferent and is probably related to availability. The only
r=2al difference between these two groups of fish appears to
be related to the amount of focd in th2 stomachs. The
stomach fullness data indicate that the young river charr
have consistently fuller stomachs than the young landlocked
charr 2nd suggests that there is a higher abundance of food
available in the Ikarut River than khere is in Charr Lake.
This dJdifference probably results from high. intraspecific
conpetition for available food resources in the lake coupled
with reduced coapetition i1n the river due to the seasonal
migration of older, anadromous, charr 1into the wmarine
anvironeent, The difference in food intake, however, is not
apparently sufficient to separate the growth of the
anadromous and landlocked charr by the end ‘pf the thire
symmer of life (2+4). An explanation for this phenosenon may
be that the food supply is not limiting to growth in the

first <thr=e sumsers of 1life for the landlocked (and
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4

anadromous) charr, but, that the lowver food resources
available to the landlocked charr triggers some response that
commences the maturation process in these fish.

Dutil (1984) stated that the success of Arctic <charr
throughout the Arctic suggests that they have developed
ph¥siological mechanisms to meet the clisatic conditiéns that
prevail in northern waters. He <concludes that Arctic charr
have probably developed mechanisms that permit them to make a
balanced decision on whether or not to reproduce in a given
year and that this decision aay depend upon stored energy
reserves, Jonsson and Hindar (1982) state that Eheir data
supporﬁs the hypothesis that female Arctic charr ®ature
sexually at the age that maximizes their fitness withinm the
constraints imposed by growth and survival, Nordeng (1983)
believes that the Dpercentage of offspring reaching serxual
saturity at an early age 1is influenceq by feeding intensity.
Hindar =2n1 Jonsson (1982) suggest that the "decision™ of
vhether or not to =mature at a young age / small sizZe may be
made in the 1l=te parr stage wvher=as BRalon (1980) suggests
that events in the =early ontoéeny determine the adult
phanotyp=.

Data from this study suggest that reduced food intake in
the first three summers of life in the landlocked charr

(and/or the higqh density and intraspecific competition

usually associated with it) may result in the phySsiological

responge of wmaturing at an early age and sma size., The
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landlocked charr, under high suamer density and reduced food

intake due to high intraspecific coapetition, mature at a

. B

swall siz= and ﬁoung age, The anadromous Arctic charr, unider
low summer densities, a seasonally expanded food base (ocean
feeding), and observed greater food intake in the youna (<4+)
enjoy 1low intJaspecific coapetition during the “feeding
season® and respond by growing and maturing ™normally”.

Thez two morphs of charr found in Tharr Lake appear to be
segregat2d by food and habitat, The large charr occupy deever
vataers and are pilscivorous whereas the swmall charr occupy the
littoral zone and mainly feed on the benthos. Aindar and
Jomrsson  (19R2) state that only the fast-growing parr
transformed ¢to "normal®™ charr in Vangsvatnet in wvestern
Nérvay. It is possiblé that this also regulates n@ich charr
become large in Charr Lake je. only fast grow ’Q. highly
compatitive charr, that are able to escape}/éredation by
larger charr and reach a size where they tdgnselves become

piscivorous.
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CHARIER THQ

Infection by metazoan parasites of landlocked and
anadrosous Arctic charr (Salyelipus alpinpus)
and their use in determining age at first

seavard migration,
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Abstract T

Twenty-two species of metazoan parasites were collected from
landlocked and anadromous Arctic charr (gSalvelinus alpipus) in
northern Labrador. One species, Tetraonchus mopepteron, represents
a new host record. Several parasites showed increasing 1levels of
infection with age of the charr but their predominant site of
location within the host did not change. The most dominant
parasites in the 1lake fish were Djiplostopus sSp., Crepideostomunm
!.sfigaié and Diphyllobothrium Qi&;gsu- In the anadromous system
3othzimonus sturionis and Brachyphallus gcrepatus Here\ most
dominant. Landlocked charr had heavier infections of Djiplogstompum
sp. than have ever been recorded for any fish. All landlocked
charr were infected with parasites by age 1+ whereas all anadromous
Charr were infected by 3+¢. At 1+ years of age 43% of anadromous
charr were infected with marine Jr brackish water parasites. Some

young charr, not yet ready for the annual seaward amigration, may

make short feeding excursions into saltwater,

+
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Introduct;on

Parasites can be used in a variety of ways to study indirectly
the behavioral acology of the host, Parasites as biological tags to
separate stocks of fish are probably the best known example
(Sindermann 1961; Pippy 1969; Hare &§ Burt 1976:; Platt 1976;
Beverley-Burton & Pippy 1978; Kennedy 1978b; Dick & Belosevic
1981). In addition, because parasites can be classified often as
freshwater, marine or brackish water, they can be used to indicate
at what stage of its 1life a host is being exposed +to these water
types. The parasites of Arctic charr (§;lxglin§§ alpipnus) have been
studied in varying degrees of thoroughness in North America
(Andrews & Lear 1956; Jamieson 1972; Hicks & Threlfall 1973; Hanek
% Molnar 1974; Mudry & McCart 1976; Beverley-Burton 1978; Eddy &
Lankester 1978; Curtis 1979, 1983; Dick & Belosevic 1981).

In Labrador, Andrews and Lear (1956) examined commercial
sea-run charr and reported only two species of parasites. Hicks and
Threlfall (1973) examined a total of 35 charr from four locations
in Labrador recovering 16 genera of parasites. No more than 17
charr came from a sgsingle location and only 3 charr came from a
landlocked 1lake (a lake with some form of obstruction, je.
waterfalls, preventing fish froe entering it from the sea).

The present study was desiqneé to describe the parasite faunas
of Arctic charr from a landlocked lake, 2 river and fiord all
belonging to the same water system, It was intesded to examine the

changes 1in vparasite intensities with age with emphasis on the
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younger charr, and also, to look at increasing prevalence and

intensity of marine and brackish

water parasites in the anadromous

fish to determine when these fish were first entering brackish or

marine waters.
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Materials and Methods

Arctic charr were saspled from northern Labrador between July
13 and August 29, 1983, Sampling sites (Fia, 1, Chapter One) wera
the Tkarut River, Hebron Fiord and the recently named Charr Lake
(Nawfoundland Geographical Names Board, St. John's, 1984), Charr
Lake is approximately 23 hectares in area with a shallow, rocky,
littoral fringe and about 13 m depth (J. Hammar, pers. comm.) in
th=2 centre, Tha lake harbours only Arctic charr and threespine

osteus aculeatus). These fish are landlocked

sticklebacks (Gaszterosteus aculeatus

owing to a seriss of waterfalls along the lake's outlet strean,
which drains into the Ikarut River, The river substrate is mainly
loose qravei ani rubble (Murphy & Porter 1974), The reqisn of
study lies about 25 km north of the northern tree limit (Elliott &
Short 1979). The Tkarut River contains Arctic charr and brook
tfout (salvelipus fontinalis) populations, and empties into Hebron
FPiord., All fiord fish were captured in water where salinity ranged
from 26,0 to 29,0% . River charr were taken within 2 kif%meters of
the mouth of the Ikarut River in freshwater, the majority taken in
the vicinity of the mouth, Salinity at the river mouth during fish
collections was always less than 2% . Fish collections were mrade
using a dip net, hand seine, fyvyke net, and ¢gill nets of mesh sizes
ranging from 19 me (3/4") to 114 mm (4 1/2%"),., Fork length and
total weight (whole) was recorded for fresh fish which were then

preserved in 4% buffered formalin. Later, the charr were

transferred to 70% ethyl alcohol. Only the head ani viscera were

\
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oreserved in larger fish (>20 cr).

Autopsies were carried out on 80 Arctic charr froa Charr Lake
and a +total of 85 char} érom the Tkarut River and Hebron Fiord.
sonadal maturity states were recorded as defined in Chapter One,
In this thesis 211 fish with a maturity state greater than or equal
to 3 are considered to be mature, Otoliths were removed and used to
age the fish. Stomach contents were collected and identified as to
major group. Roidy surfacé, body cavity, oral cavity, gills and

“inner operculum, eyes, esophagus, stomach, pyloric caecae,
intestine, wuretars and swim bladder wer: examined for metazoan
parasites,

When gill netting fish, it was found that charr caught in the

nets would begin to los2 parasites from body openings (anus, gills)

within minutes of capture, For this reason only freshly caught fish

were used for parasite analysis and ‘these fish were immediately

placed in 1individual plas}ic bags. Despite this -effort some
parasites still left the fish but were contained by the plastic
bag. The body location for these parasites was classified ag
“indeterminate"“, Parasites were taken froe preserved fish and
stored in glycerine alcohol until processed for identification.
Pravalence, mean intensity and dominance values were used to
describe the parasite faunas. Prevalence is the percentage of the
total sample of fish that is infected with a particular paraéite,
and mean. intensity is the ;ehn number of individuals of a
particulaE} parasite species ©per infected fish in a sample (cf.
€

t al. 1982), Dominance is the total number of

&

Margolis
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Results

A tot2l of 22 species of nvarasites vwere racovered from Arctic

charr taken fronm Charr Lake, Ikarut River and Hebron Fiord 1in ,

Borthern Labrador (Table 1). One parasite, 1g%539gghg§ mopnenteron.,
was found on -the gill filaments of one 10 ;éaf ol% (36.5 cm) charr
from Charr Lake and represents a new host record, Identification
was based on the examination of the anchors and copulatory organ as
described by Byﬁhovskaya-?avlovska}a et al. (1962). . Sixteen
f - *
species of parasites were recovered from R0 landlocked charr fron
Charr Lazk2 and T8 species “rom 85 Arctic charr from the anadromous
population in the Tkarut River and Heb;on Fiord (Table 2). Most
species o® parasites were found in more than one body location bu¥
1eﬁerally th2re was: one body location in ‘;Lich it wvas most

prevalent, Other species were found only in restricted locations

ié. Diplostosus sp. in the eyes, Phyllodistomue limpesa in the

- e . e . e e e
.

ureters, 3Salmincola carpionis in the oral «cavity and Salaihcola
2dwagdsii only on the gill filaments or attached :to the inner

operculum.

7

o o

"The d2ta éhov no trend indicating a change in thg predominant

location of recovery with' increasing age for Bny of the parasites,
As % result data for all ages were grouped to produce the results
shou%xzin Tablé 2, Table 1 summarizes the data and lists the
parasite habitat (u;ring. brackish water or freshwater) according

to Margolis and Arthur (1979).

~
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Table 1, Species 1list of parasites found 1n Arctic
charr (Salvelinus alpinus) from ths Ikarut
River, Hebron Fiord anéd <Ccharr Lake i :
northern Labrador. Habitat tvypes are: PH‘E’
fresh#ater, M = marine, and B = brackis
water, Parasite location lists locations in
order of decreasing importance,



i

\’m
CLASS SPECIES HABITAT LOCATION
Monogenea Tetraonchus monenteron® " G'le" N
{Wagener, 1857) \
Trematoda Brachyphallus crenatus M Stomach, esophagus, some in caecae,
(Odhner, 1905) anterior & posterior intestine.
g lucioperoas Fu Posterior intestine, anterior
(MGller, 1776) intestine, some 1n caecae.
. dostomen farionis FW Ppsterior intestine, anterior
(Mi1ler, 1784) intestine, caecae
enes varicous M Stomach, esophagus
MGller, 1784) '
Lecithaster gibbosus ] Posterior intestine, caecae
(Rudolphi, 1802) /
Diplostomen sp(p). FW Metacercaria in epichorioidal lymph
space and lens of eyes.
Phyllodistomem limmoea FW Ureters.
{Sandeman & Pippy, 1967)
Ces toda Bothpeimonus stwrionis B Caecae, anterior intestine,
(Duvernoy, 1842) posterior intestine.
) llobothriunm dendriticum  Pd Plerocercoids encysted on stomach
Nitzsch, 1824) & caecae, some 1in body cavity.
Diph?llobotb-iun ditremm W Plerocercoids encysted on stomach
Creplin, 1825) & caecae.
Eubothriun crassum P Caecae.
(Bloch, 1779)
Eubothrium salvelini 2 Caecae.
{Schrank, 1790)
Proteocephalus tumidooollus W Caecae, anterior intestine, some
(Wagner, 11953) in posterior intestine.
halus longioocllis Fw Caecae, anterior intestine.
(Zeder, 1800)
Nemotoda Capillaria salvelini 2] Stomach.
(Polyansky, 1952)
Cystidiooloidss tenuissima FW Stomach, some in caecae.
(Zeder, 1800) .
Philomema agubermaculien 2 ] Stomaech, body cavity, caecae,
(Simon & Simon, 1936) some in intestine.
is adunoa M Posterior intestine.
(Rudolphi, 1802)
Acanthocephala Metechinoriymchus lateralis  Pi  Anterior intestine, posterior
(Leidy, 1851) intestine, caecae.
Copepoda Sa Qral Cavity.

-, la .,
(Krgyer, 1837)
Salmincola edwardsii
(Ol1sson, 1869)

Gills & inner operculum.

*New host record.

.——-“-—
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Pragquesncy 2f occurrence (%) of each
parasite in each bodyvy location examined for
2ll ages groupe? togethar, 8S = Dbody
surfac=, BC = body cavity, ® = oral cavity,
31 = gills and 1nner opeXculus, FY = eyes,
? = esophagus, S5 = stomach, € = pyloric
caec2e, AI = anterior intestine, PI =
nosterior intestine, B = indeterminate, 0 =
ureters, SB = svwimbladder. Arctic charr are
from Charr Laks (top) and Tkarut PRiver /
Yebron FPiord (bottonm).
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* Parasite found n only one fisn

IKARUT RIVER / HEBRON FIORD

LOCATION

SPECIES

[ 4 8 Cc

Brachyphalius crenctus - - - -
Bunodara luciroperoas - - - .
Crepidostomem fariomis - - - -
Darogenss variLous - - - .
wascithastar gibbosus - . - .

Bothrumonus sturionts - 1 - -
Diphyllobotimrisy dendriticum .
Dphyllobothriwm ditremes - F4 - .
Eubothrum crasmem - - - -
Bubotkrium saluvelint - - - .
Protecosphalus tamidoooilus - - - -

Capillarma salvelimi - - - -
Cyetidicolordes tenuissima - - - -
Pirvlomems aguberwacyliex - 25 - -
Tigpenaecarie achenos - - -¢ -

Netechinoriymohus lataralie - - - -

Salmincola agrpionts - - 100 -
Salmiroola edurrdeii - - - 100

* Paresite found in only ome fish

—
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Tatle 3 lists *he parasites recovered fjom mature fish

[ Y B
n Tharr Lakz an1 tha Tkarut Piver s/ Yebron FPiord and qivss

-

N

~~
thaar oravalence, sean :1ntensity, domirance and range.

3ea~=ause of the large 4:fference Ir =ize betWween the miture
sm=1) <harr {s22n lengtnh = 14,1 cm) ard mature large charr
(me2n length = 68,1 cm) 1n Charr Lake, 1t was decided ¢-2
tr=a¢* these 7t2ups s-ozrately for s0n- of <the parasite
analyes: s, In the wma*ture small charr froe Charr Lake
Ziplostomye s9. and Tropigostomum {2riopis had  the highest
prevalence, me2n 1ntensztv and dominance values. These *wvwo
Darzsit2s r=preas=nt 98,939 (by nusper) of th= total nuwber of
perasites recovered from these fish. For the mature larqge
charr 1in Charr Lake Djiplostomum sp. 2nd1 C. fariopls 2cain
showed  the highest dominance values respectively with
Diphyllobothpraum djitremup 21s0 showing high values, These
three par2sites account for 95,1% of all parasites recovere”d
from +hesga fish; Non2 of the, small charr (immature or
m2ture) were found to b2 infected with Diph¥llohothrium sppe.
In the large lan?locked charr Q. ditremua was found more than
4 times a5 often as D. depdriticum. The only eature charr
found in the Ikarut River / Hebron Fiord systes wvere large
charr (#2an length = 53,9 cm, mean age = 9+ vyears).
Bothrimonus sturjonis and Brachyphallus crepatus showed the
highest prevalence, ®ean intensity and dominance values and
these parasites accounted for 98,7% of all the parasites

recovared from these anadromous fish,
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Netails of infection of sm2ll charr (mean
length = 16,1 ca, N = 23) and large charr
(mean lenqgth = 58,1 ca, ¥ = 8) from Charr
Lake (landlocked) and large charr (mean
length = 53,9 ca, range 47,5 to 65.5 cm, ¥
= 12) from Hebron Friord (aznadromous). All
£ish are in saturity state 3 or qreater, P
= prevalence, I = mean intensity, D =
iominance, R = range, Note: Many larval
mites (probably of the genus Qgpienicola)
were founi frze inr the stosach and
intestine of landlocked charr. It is
assused that these were food itemss and not
parasites of the charr,
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LANDLOCKED ANADROMOUS
. SMALL CHARR LARGE CHARR LARGE CHARR

SPECIES P 1 DO R P T oo R P T D R
Brachyphallus crenatus - - - - - - - - 100 88.1 18.07 12- 360
Bunodera luciopercae 13.0 3.7 0.04 0-6 na 228 0.3 0-91 - - - -
Crepidoetomm fariontie 82.6 11.8 4.48 0-64 100 499 15.22 56-2559 91 8.0 0.13 0-8
Derogenes varicus - - - - - - - - 18.2 1.6 0.01 0-2
Lecithaster gibbosus - - - - - - - - 9.1 2.0 0.04 0-2
Diploatomem ep(p). 100 169 94.39 34-1059 100 2279 69.50 1881-2852 - - - -
Phyllodiatomom limosa 4.3 2.0 0.22 0-21 - - - - - - - -
Bothrimonus sturionie - - - - - - - - 72.7 143 80.60 0-4627
Diphyllobothriiem dendritioum - - - - 100 78.6 2.40 25-156 - - - -
Diphyllobothrium ditremm - - - . 100 kL 1} 10.37 108-654 18.2 18.5 0.13 0-3
Bubothriwn crassiew - - - - 7.4 14.2 0.22 0-29 63.6 1.3 0.10 0-2
Eubothriwn salvelini - - - - 42.9 2.7 0.01 0-5 - - - -
Proteccephalus tumidooollus - - - - 2.9 N 0.0?7 0-32 9.1 1.0 0.02 0-1
Capillaria salvelini 4.3 12.0 0.12 0-12 - - - - - - - -
Cyatidicoloides tenuissima 26.1 4.3 0.6 0-9 - - - - - - - -
Philonema agubernaculim 8.7 3.0 0.15 0-5 - - - - 27.3 4.7 0.07 0-8
Thynnascaris adwica - - - - - - - - 9.1 1.0 0.02 0-1
Ne techinoriynohus lateralis 13.0 34.5 0.44 0-72 100 9.3 1.81 4-167 45 5 1.0 0.05 0-1
Salmincola carpionis - - - - - - - - 72.7 3.5 0.37 0-8
Salmincola edwardeit 4.3 1.0 0.0 0-1 57.1 4.8 0 05 0-9 63 6 4.7 0.39 0-10
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In ~<harr Laka the followx:ng parasites showed some
A

tndication of increasing levels o©f infection with age: (.
farionis, 2ipleostosus sp,, E. crassym 2and S. eduazrdsii. In

ths Tkarut River / Hebron %iord 3. grenatys., D. ¥arigcus., 3.

stuzaopis, 3. lataralis., 3. carpiends 2nd 3. edwargsii
axhibited soma tendency towaris increasing levels of
infection W1tk  zje, Other species 313 not show increacing

e

< of 1nfection with 332 put 3id axhibit other trends. In

V=
o
<
[(¥]
—

tna lake D, lepdriticum, D. Jitrepusm ani 3. latazalis wer:

‘ouna 1n the large p13c:rvorous charr, and except for x.

R ¥=T> not founa 1n the small charr. i,

v

[l

ate

rz2l:

h
fta

agqubernaculys 2ni1 C. t=2pylssima on <he othar hand, were found
3leos* exclusively in th2 swmall charr in Tharr Lakae, oS
ditzzmaye 2n1 2. ¢rassya wvere fourdi exclusively in sea-run
charr from debron Fior?. The resarning sp2cies dii not have 1
high encugh orevalence of infection to indicate any trends,
Yigquras 1 shows changing intensity with age for
Crapriostosus fzrionis. Diplosiomyp sp. 2nd Mezechiporbyachus
lateralls in Charr Lake, TFror C. fariodis a2 very 3Jradual
increase occurs wWith-=increasing 25e up to 5+ years and a mere
steep increas- =afterwards, A sisilar trend occurs with
Niplostomun sp, except that the level .of infection 1is much
Figher. Th= actual valu=s of infection of diplostomula rangad
from 2zerc 1n some -0+ fish to a high of 2852 diplostomula in

one 19+ charr, For M, lateralis intensities {luctuate around

low v2lues until age 6+ and then increase in the older fish
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¥

*igure 1, "ean nusber of parasites per fish
(abundance) versus age in vyears for

Crepidostomus farigonis., Diplostomys sp. and
detechinporhynchus lateralis in Charr Lake.
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;

with 2 mean of 49 4. lateralis oerﬂ(ish for fish >= 8+ years

0li., This 15 in direct contrast to ¢ne pattern of infection

poe

2¢ 4. leteralis in the 2:n2dromous fish in Fij, 2 (note sczls

chang2) wha2re the lavels remain bt2low one parasite per fish

for 211 2323, RBrachypballys zrspatys, =2 marire oaras:t=,

<
-

lothripopus 3sturiepis. a brackisn vater varasite ap:

aleincola garpiopis, 2 frashwater Darasite, élj,shov the

J=n2ral trand 0¢ incraasing levels 2f infaction with age

Tabl: 4 shows the pravalance. 2¢ i1nfactiosn of parasites
ar a23ch 2g9= 1r the anadromous 131n1 landlocked svystews.
Anadromous caarr enioy a longer oseriod of parasite fra=2
=X13t-nce n the earlvy years than do +the landlocked charr., In
“he anadromous charr all Ji13h are infected with a%*t least on=

’

parasit: by ag- 1+, All landlocke” charr 2r= 1nfected DY 272

[

1+, Anadrcacus charr are being infac*t2d at a2 vervy 2arly

w
Fo]
tY

with brackish water andi aarine parac.tes (oredominantly 3,

~

th]
2l
I
1a]

EiQ

ver» collecte” in freshwater =wmostly near <“he mouth of the

river, At age 1+, 43% >f the charr are infected with =2t
l=ast one of thess parasites, By a23e 4+ 211 anadromous charr
are infected with marine or brackish water parasites. Table
5 shows th= ore§kdovn 9f infection 2f thase parasites with

increasing 2ge in wmore detail, The sarine parasite, 3.

crenatus, maintains an infection lav2l of 100% after age 3¢

%

¢

-

us ani B, grepatus respectively)., These young charr

wvhereas the lavels for 3. giurigpnis are sore variable but an

N
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Yzan nushar of parasites per €ish
(abundance) vyersus age in vyears for
3rachyphallaus cLenatys, Jothrimonus

sturionis. Salaincela carpiopls and
Metechiporhynchys lateralis in the TIkarut
3i1v~r / Hehron riord,

3]

o
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~hanging pravalence (%) with age for marine
/ brackish water and freshwater panpasites
in the anadromous system (Ikaruat River /
Hebron Fiord) and for freshwater parasites

in the landlocked system (Charr Lake). N is

sample size,

S

' LTINS R



. LS
IKARUT RIVER/ AGE
HEBRON FIORD o+ 1+ 2+ 3+ 4+ st @+ 7+ 38+
MARINE & BRACKISH 0 43 73 94 100 100 100 100 100
WATER PARASITES
FRESHWATER 0 14 36 41 10 84 100 8 100
PARASITES’ ;
ALL PARASITES 0 57 73 160 100 100 100 100 100
COMBINED
N 7 71 17 10 6§ 3 7 1
CHARR LAKE '
ALL PARASITES 8 100 100 100 100 100 100 - 100
© . (FRESHWATER) o
N 5 12 10 8 15 7 3 0 10

"k
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»€1Stzntetly unt.l 2 z- co\
(Tabl: u), *~xcept for ore fish, rcrevalence of infect:cr

level:z wera 100% for a1l flzn 2321 ke or qgreater.

Frasru=ter parasites combine?d are recpons:tle for this
pz+tern sinte ro one freachwater parzsite hes & o=rticularly
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%
¢, ParTen*tage Of ana1romous charr from *the ITkarut
“yiver anij Hetrco Pionrdi :nfacted with the
parasites  8racayphallus clenatis (marine) or
Bothramogus sturizpls (brackish watar) at each
2qe,
S
PEPCENTAGF F FISH INFErTED
1
e e e e e e e i e e e e e e e B e -

3othrimonus L]

sturionis

0 7 )
1+ 14 43 7
24 9 64 . 1
e 76 ag T 17
-
e 192 100 ‘ 9
S+ 100 : 83 6
64 100 . 100 3
T+ 100 : 57 7

>=3+ 100 82 17

— i i e S e e o S o —




¥or “h> la2nilocke- c-harr cTr-vyaisac: levels are hiahk
("7%) 3TaTving with th- c1rst zusmer 2¢ li1fe (J#¢) ana 2ra
- Trnis high prevalence 13 Jue
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infectaro0n of DiplosStomup Sr. but also to thn=

1mfaTnioe D QL Faraopli, the tuWwo 20st 1CE1N2Nt paTasites Ln

a

*me e ThATT,

All ~harr ca2uqght .n Yebron Fior:. *ad wmarine foo2d itzms

A

1~ *kz3r =towachs and harboure?  marine oarasites (the
smallest Ccharcz caugh%t .n the f101r3 was 13,83 ce, age ),
wany 311 <nhnarT were ciujht a1t the mouth cf the river ;n
‘frecawatar. A1l of thece fish tha*t were examined for

t:=27zn1 stomach copt=2nts (ranjine hetwvween 6.5 cm (1¢

3

16,4 c» (3+ years)) harboured wmarine and/or

5 ]
W
"
34
73]
b

-
v
W
]
]

~
o]
=

o

hr parasites, All but one of these fish

T
)
b
[ 3
v
-
<
w
-+
L4
a ]

containad freshwater food items as the major food type in
their stomachs, One 16.4 cm charr (3+ years) contained marine
cop~pois as the predominant food tyve in its stomach. The

analysis of stomach contants in this .study was such that any

(7]

fool item representing less than 10% of the stomach contents
was not recorded, It is therefore possible that some marine
food items may have gone undetected in other fish if in 1low

Ybundance.

L A
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nlzTustiov

A torel -f 22 spacies 9f opar=sites wer=e taken rros
laniiocke? ani anadroamcus Arctic charr (3aly¥elipus alpinus)
1~ 19I%tnern laprador. Twsntv-one 3p2cieas have previously been
r=porten Srom charr ("Margolis A MBrthur 1979; Curtis 1979;
Ntk 6 Ralosevic  1991) anl one Dar351te; Istzaonchys
3CL=2pteran, cecresents 2 new host re2cord. T. glaskedsis hzs
bezn reccried from Arctic charr 1n the Yukon (Mudry £ McCart
1975) =2n3 n-ar ®"esolute 1n the Arctic (Beverley-8urton 1978),
T. Bohepteron tas been recovered from the gi1lls o€ northern
st ke (Esox liugiys) in Labraior oy Threlfallland Yanak (1970). .

)
T1ght2en speciles o©0f parasites Wwere recovered fros tha
;naironous charr whereas only 16 vere recovered from the
lindlocked charr.lﬂudry and ™McCart (1976) and Beverley-Burton
(1978) have also reported that the nueber of gspecies’ of
metazoan parasites of 3. 2alpipus is qreater in anadromous
than freshwater resident fish. . .

"‘! s
The most Jddminant lake parasites were Diplostopup sp.

Crepidostomun farioni and Diphyllobothrium ditremur

Itn

respectively, For the anadromous charr Bothrimopus siuricnis
and Brachyphallus crenatus were most dominant. It is likely
that not all of the younger fish (0+¢ to 3+¢) had been exposed
to the marine environment and this wmay be the main reason for
the low levels of infection of B. siurionis and B. grenatus

in these fish. Dick and Belosevic (19@1) have shown that B.

T
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Sturionis and B. ¢repatus are good indicators of sea-run
charr. 8lack (1981) us23 the infection of R. Crendtus tc
2stimates th= proportion of sea-run brook trout entering
°:1visre 3 la Truitz in Juebac,

Arctic zharr are :nfected with parasites starting a3t =
very =2arly 29e 1n the lake (B0% infected at 0+ years and 1007%
1rfecteid 1t 1+ years) as compared to the anadromous charr (0%
1nfected at 2¢ to 100% i1nfected at 3+ vears). The anadrosous
~harr “0 not r~carry heavy infections of freshwater parasites
at 2av 27]e, Pick and Relosevic (1981), in referring to.
2iphyllobothriup sppe., sSuggested that the marine sojourn of
anadromous .charr may be sufficient ¢o cause a reduction in
par2sit= numbers, Infection by marine and brackish water
parasites occurs early in the life of anadromous charr with
43T i1nfectad at 1+ and 73% at 2+ vears of age., All fish 2+ or
young>r werz2 caught in freshwaéar, as were many of\ the 3+
charr, Although freshwater food items were predoninant‘in
the stomachs of these fish (Chapter One) many harboured
marine and/s/or brackish wateg‘parasites. It appears that young
charr living in the region of the river mouth may move with
the tide remaining in freshwater, except perhaps for short
feeding excursions into saltwater (20nversely, it is possible
that their marine food items are straying into fre;huaterf.
Johnson (1980) stated that relatively little is known about

the life history of Arctic charr between the end of the first

summer of life and the time when the young fish first goes to
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gea, Pritchard (1911, from Coady & Best 1976) noted that faicsh
schocling near tge\nouth ot th2 rivar in early Septeaber wera
s?2ll 1n size., Moore (1975) found charr of 10 to 19 cm in
l2n3th 1n the river msouths tut fish less than 10 ca long were
never found out of freghvatet. Denpéon and Green (1985) d1i3
no*t f£ind chdrr younger than 3+ in the nqrine environment of
Nain Bay, Labrador. Gullesta; (1375, _from Johnson 1580)

showed thz2t charr 4 to 7 vyears of age had brackish water

o

zones or their scales. Grainger (19%3, p. 358) stated that
fithers se=2as to be a definite tandency Yor the char of
Frobish=r Bay to remain close to th2 river mouths throughout
the summer, This applies to a2ll size gqgroups, but most
particularly to the swall fish" and that "younqg <char could
reaiily be takeM in the river close to its mouth". It
appears that young charr may congregate 1n the region of the
rivar nouth JdJuring ¢the summer months, Data from the present
study suggests that these young charr may go through a

transition phase before spending an entire sumser feeding in

i

saltwater, This view is supported by Gyselman's (1984)
14

observation that Arctic charr smolts entering the sea for the

first time may stay for only 2 or 3 days. Young charr may
stay near the river mohth to feed on stray food organissas
near the sait water / freshwater boundary or they make make
short feeding excursions into salt wa{gr and then return to

freshwater (perhaps because they are not yvet able to tolerate

long periods in salt water). Both scenarios lead to the same
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observed? result of youny charr caught in freshwater ani
harbouring marine andyor brackish water parasites. Johnson
(1930) statzd4d that most studies confirs the smallest Arctic
~harr captured in the sea to be about 15 cr 1 length with a
rather larzer m=2an siz:, The smallest fish caught in
321twater 1n th2 presant study was 13,8 ce (3+ years).
fcCart (1980) <tated that Arctic cﬁarr in th2 westarn
Canadian Arctic commonly zoved seaw2ri for the first time at
agas 3 or U4 but that a few individuals may sove seaward as
sarly 25 27235 1 and 2, Moore (1975) stated that there were
1nstances %grinq the summer in which charr moved into rivers
and then back into saltwater. -

The best example illustrating increasing levels of
infection with age is seen with Djiplostomym sp. in Charr
Lake, Specific 1identification of this parasite vas not
possibl= b2c2use positive verification of Diplostomus species
from fish eyes «can 'only be done through experimental
infections of final hosts, In charr 8+ or older the observed

levels of infection of diplostoamula are higqher than have ever

peen recorded in the literature, Despite finding more thanm

2800 metacercariaemin the eyes of a single charr it does not
aﬁpear that these parasites are interfering wf;h the vision
of the host as they may at lower infections ;n other fish
(Palmer 1939;: Uspenskaya 1957; Davies et al. 1973; Betterton
1974; Hendrickson 1978)... For a more complete presentation on

this parasite see Chapter Thfee.

4

v

’ L haerdest 47
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szlpincola carpijopis and §. edwardsil are acquirei by
fish in freshwater (Hoffman 1967) but appear to be able to
tolerat- marine conditions, Their site of attachment to th=
fish (oral «cavity, gills, operculum) mean that they are‘ln
iirect contact with salt vwater as 1long as the charr are in
the fiord., Most fiord charr harbouring these copepoda were
caugh*t in late August and had been in the marine environment
abou£ 2 months,

Henricson (1977) found most Diphyllobothrium ditremus
and D. dendriticym in the stomach and pyloric " caecae
recpectively, similar to this study. He found 4.8 times as
m;ny D. g;;;gggi'in his charr as he 3id D. depdriticue. In
this study 4.7 times as many D. ditrepym wsre found in the
Arctac charg 15 were D. depdriticum.

The anadromous charr fron Hebron‘ Fiord were 1lightly
infacted (m=2an i;tensity = 18.,5) wvith D. diiremsus only,
whereas charr from Charr Lake had heavy ififections of D.
ditremup (mean intensity = 340) and D. dendriticum (mean
intensity = 78.6). Curtis (1984) has also found that in
eastern arctic Canada lake-resident charr are =much nmore
heavily parasitized with Diphyllobothrium spp. than are the
anadromous charr, Dick and Belosevic (1981) state that

£

by
“heavy infections of Diphyllobhothriunm SPP. in the, .

PR

P

non-migrating charr ... are related to the feeding of 1arqé'
charr on small charr and sticklebacks s Gasterosteus

aculeatus and Pungitius pupgitius" and that "small charr and

3

- & e e ek e L = e
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sticklebacks vwere found to have cysts of D. 3dendriticyms and
D. djtremum®. In Charr Lake all large charr were found to be
faedting on small charr or sticklebacks (Gasterosteus
aculeatus), however, no small charr (N = 71) or sticklebacks
(N = 6) were found to be infected with Diphyllobothrjum spp.
Larg2 anadromous charr f=d on marine copepods, amphipods
and mysids and were piscivorous on small (<3 cm) Jjuvernile
sculpiq (probably Icelus spatuyla) and in one case sand lance
(Apmoiytes sp.) 2nd capelin (Hallotus ¥illeosys). Infection

with piphyllobothrjum spp. was low in these charr.

e
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The eyes of 273 Arctic charr (5511§1;ng§ alpinys) téken from

Charr Lake, the Ikarut piver and Hebron Piord in nérthern Laﬂradqﬁ

vere examzined for the preéence of dip}qsto-ulg. The landlocked fish
from Charr Lake were found to be héavily'parasitizgd and intensity
of infection increased ;ith agé and le;qth. 'Ali anhdtqlous charr
taken from the - Ikarut River and Hebron Fiord were &fohnd to be

uninfected.. Infections of ‘up to’ 2852‘3ip105tblu15 in one fish’

{1478 in one eye) are reported., These are the largest iﬁﬁections‘

aver recorded for Diplostomum sSpp. More than 99% of the
diplostomula were found in the epichorioidal lymph space located
behind the retina, the remainder being 1located in the lens. No

cataracts or Kerniations ware associd;ed with these high infections

o

and it seems unlikely that the vision of the fish is . affected in
. - L . N b .
any direct manner. : ' .
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-Introduction - - . R
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« .
Metacercariae of the ‘trematode genus Diplogtomum (Rudolfi 1891)

are known to occir as parasites of fish. . eyes, and ‘have a wide
1) .(_

distribution throughout the northern - hemisphere (Skrjabin 1960

]

LY

Hoffman 19673 Kennedy & Burfough 1977; Margolis Arthur 1979). In

several species of host fish vision inpaifuent«or blindness has

<

been observed (Uspenskaya 1957; (!Bettertan 1974; Hendrickson 1978),

which in’ seve%e cases has brought about starvation and death

‘(Pallef 1939; Davies et al. 1973). Moreover, intensivékﬁﬁisodegﬁof

. q/ - 1
cercarial penetration by these strigeid ‘'trematodes have been shown

»

to directly induce fish mortality (Brassard et al. 1982a) and to-

rendér surviving hosts more susceptible to predation (Brassard gt -

4

Diplostomup spp. metacercariae are found in a !arieéy of hogt
fishes repreéenting most freshwater groups (Skrjabin 1960

Bykhovskaya-?avloiskaya et al. 1962). 1In Canada D. sp;;hggggg. the

most commonly fepb;ted species, occurs in the native salaonids

Salvelinus fontinalis, s. namaycush., S. alpinus and Salao salac
(nardolis & Artgur 1979). High infections by this parasite have

often bgen noted in fish farms or hatcheries (Rushton 1937; Palmer
1939; Fetquson & Hayford 1941; Uspenskaya 1957; Betterton 1974;
Hate & Frantsi ' 1974; wWood 1979; Sharrif et al. 1980), especially

I ;
- for Salmo gairdneri, vhereas high infections in natural -systess

appear less coamon (Davies gt al. 1973; ©Wootten 1978). D.

gpathaceus has previously been'reborted to occur in Arctic charr

?
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*'fron Canada in slall numbers. Hicxs (1971 -found only:téo of 35

. anadromous charr from - Lahrador to be infectod and’ each fish

‘

harboured 6n1y tuo metacercariae,

rhe qeoqraphical distributxon of dlplostoliasis depends upon

the availabilitv of snztable hosts for thefCOlpleéion ‘6f the

parasites' life cycle, The first intérne@iate hosts in northern

Capada are Lymnaeid snails,’second intermédiate hosts'are fish, and

definitive hosts are piscivorous hifds éuqh as loons or qglls. In"

northern Quebec a relationship exists between the occurrence of

diploétoniqsis in fish and the <calcius ion concentrétion of lakKes.
The parasite 1is not present in low calciun lakes vhere Ly-nae1d
— . :

’snafls are unable to Li;e (Cﬁrtis 4 Rau 1980). Uetacercariae of -

v . , .
Diplostomup can be found in a2 wvariety of locations within the eye,

The most éomnoh locations are thé 1lens, vitreous hunorh and/or

retinal area depending uéon thé_species of‘ host fish and the

. I
Specific idanhlty of the parasxte. In northern Quebec, brook .trout

-

(s. :gng;galig) harbour the majority of ‘diplostomula on the eye

'1ens,,yhereas"1aké whitefish (Coregonus <clupeaforais) teqd’ito‘be

infééted in the retinal région (Rau gt gl..197?3.:bick and Rosen

(1980), in a sStudy on metacercariae of iake whitefisﬁ from.

Manitoba, determined that D.. gpathaceus 1naisging;g; inhabited the

lens while pD. baeri nn;gylgp;nn occupied <the vitreous hunqr and

retina of its fish host.

LS part of a study of Arctic charr biology in northern Labrador

) Qnring - the summer of 1983, samples of metazoan parasites were’

obtained from an anadromous and landlocked charr stock. While the

Y
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anadromous charr were found to be entirely free of diplostomiasis,

the 1landlocked,charr were heavily infected, a .feature not yet
reported for other known Arctic charr pogglations. This 'papei

presents a description wf the_pattern of " Riﬂlﬂ!&hlll infeptibn in
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Naterials and Methods .
LT ) . . @'.»
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Arctic charr were sampled from northern Labrado; between July

'~2u and August 29, 1983, Sampling sites (Fig, 1, Cchapter one) were

the Ikarut River, Hebron Yiord and the recently named charr Lake
(Nevfoundland Geographical Names Board, St. John's, 1984). Charr

Lake is approximately 23 hectares in area with a shallow, rocky,

Mttoral fringe and about 13 » . depth (J. Hammar, pers. comm.) in

A
~

the centre. The lake harbours only Arctic charr and threespine

sticiigbacks (éés:g;ggggnﬁ acyleatus). These fish are landlocked

owing to a3 seriess—of waterfalls along the lake's routlet streas,

_whicﬁ drains into the Ikarut River, The river substrate is majinly

loose dravel and rubble (Murphy & Porter 1974) and is relatively
gn;tableJ -The region of study lies about 25 ks north of the
nﬁ;ihern tree limit (Eliiott & Short 1979)., The Ikarut River
contains’ Arctic charr and brook troui (Sﬁlzglinha -aniinlliﬁ)
populations, and empties into Hebron Piord. Fish collections wvere.
nade using 2 dip “net, hand geine, fyke net, ana gill ﬁéts of mesh
sizes ranging from 19 am (3/4") to 114 mm (4 1/2"), rork length anad
totai welight was recorded for frgsh. fish which were then preserved
in 4% buffered formalin, Later, the charr were- transferred to 70%
ethyl alcohol. Eyes were removed from the preserved fish and the
nusbers and locations of diplostomula were recorded separately for

LY

the left and right eyes.

2

" . /
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Results

.
©

The eyes pf 273 Arctic charr’ were examined for the preséﬂcé of .

diplostosula. Of thesé, 110 were taken from the Ikarut River and

Hebron Fiord, The range in length was 2.6 to 65.5 cm with an age

\

range of 0+‘t9 114 years. None of these anadromsous phat; harboured
any : parasites in their eyes. One hund;ed and sixty-three
landlocked charr were taken fros Charr Lake, Their range in length
was 3.1 to 61.0 cm and ages varied from O+ to 19+ years. A total of
155 of thase fish (95%) were ingected with diplostomula. There wvas
no significant difference (p < 0.05, t-test) between the number of .
metacercariae found in male and female charr. )

> rrom Table 1 it is evident that the prevalénce of eye

infections was high, with all lfke }esident fish two years of age
or 'older harbouring metacercariae, Uninfected i}sh vere found only

in the "0+ and 1+ age qroﬁps. The abundance of diplostomula per

t

fish ranged from'O to 2852.'As nany .as 1478 were fongd:in one eye.
The percentage o} fish with a 1lens, infection was much nlowét, but
the trend again shows an incgeasiﬁq ingensity of infection uitﬂ age
(Table 1). Since not all the older fish harboured letacercafiae in
their lenses it  appears. that the infection rate for lems
dipLosto;ula dges not reach 100% at any age, Data on the pércentage
of metacercariae found in the lens compared to that found in the

entire eye for each age group indicates- that less than 1% of them

¢
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Table 1, Level of infection uith'increasinq age. of

Arctic charr with wetacercariae of the
genus Diplostomum. Age, mean number of
metacercarise per fish at

each age, sample
“ size, standard deviation, percentage of
\ ) .. £fish 4infected at each a'ge (prevalence),

percentage of fish with metacercariae in at-

] least one lens, percentage of metacercariae
\ found in the lens,
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were found in the- lens, The highest infection in a single

lens waé four netacercariae and the highést conbined lens.

infectlon in.a single fxsh was-also four.

Upon détailed examination of the eyes it . was found that

the remaining 99% of the metacercariae were found ‘behind the

L >

retindl areas in the epichorioidal lymph space (Fige. 1). In

o

with the ora serrata, ;he wavy - anterior end of <the retina.
?ery few, if any: metacercariae were found elsewhere except
in or on the 1lens, In some sanpleé there appeared to be
minute striations i;-ediateiy ad jacent to ‘the metacercariae
in the lené. H;wever, no cataracts or herniatlons that could
apparently affedt the charr's vision were found «din or on the

¥
¢ . A

lens.

Py -

s The mean number of metacercariae per age group increases

»

. £ .
particular, they were -found most often in .cque association’

fairly constantly from 0+ to 5+ years (Table 1). Froa 6+ to .

19+ years, although sglple size irs small, wthis trend
coniinues. The data ﬁorwtﬁe mean numher of metacercariae per
age group was logged to display the results graphically '(Pig.
2, top). A r;early7 exponential increase in number of
retacercariae occurs with age up ugtil 8+ years, after which
the increase is small and there appears to be E levelinq off
of ‘the curve, A similar but somewhat weaker r%lationship is

v

seen with length instead of age (Flg. 2, botto-).
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\\k\rigure 1. Sectional diagram of the eye of a bony fish

showing locations of the

metacercariae of
Diplostomym sp.

in the eye of Arctic charr.
(Redrawn froe Lagler et 2}l. 1977)/
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¢
Top: Relationship between the log,, of
the w=mean number of diplostomula per age
versus age in years.

Bottom: Relationshjip between the log,o
of the amean nuaber of diplostomula per
length interval versus length interval in
centimeters (data generated from class
intervals of 3 cm).
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Di scussion

! - ¢

Oour general understanding of taxonomic relationships
within the genus Diplostopum 1is extremely 1limited. R.
spathaceug is normally considered to :be a parasite of fish
?lenses, although woottén (1974) found metacercariae of this

_ species in the vitreous humor as well as the lens of brown
trout (Salmo ggggggz and rainbow trout (S. gairdperi). Brook
trout aré also reported as having D. gpathaceym metacercariae
in sites other than othe lens (Davies et al. 1973; Hare §
Frantsi 1974; Hendrickson 1978). Dick and Rosen (1980) have
shown that uetacg;cariae found in the eyes of lake whitefish
(Coregonus glgg§§§9;51§) can be identified by their location
viélin the eye, with D. gpathaceum ipdistinctyp found in the
lens and D. baeri nggggign;g! in the viteous humor and
retina, Positive verification of Djiplostomym species froa
fish eyes is only possible through experimental infections of

" final ‘hosts. and thus the specific identity of the foras

infecting Arctic-charr in northern Labrador remains unknown.
The absence of Diplostomum from the TIkarut River and
Hebron Fiord samples is probably due to the ;bsence of a
suitable snail species as intermediate host. Since Charr Lake
is close to the TIkarut River, it is 1likely that infected
birds that frequent the lake also visit the river and deposit
giglg§gggygh edggs there, However, the\ river substrate is

mainly loose gravel and rubble (Murphy & Porter 1974) and is
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relatively unstable. In the winter and spring the river bed

is subject to 4ice scouring, This probably explains the

absence of snails, which would be unlikely to establish

theaselves under such habitat conditions.

It has been shown that the ‘intensify of infection in the .

landlocked population of Arctic charr appears quite high. In
fact, the older charr in the sample have higher infectioﬁs
than any previously reported for Diplostosia in any fish
species, However, fish froam hatcheries and fish farms have
bg?ﬂ Eeen to have relatively greater numbers of diplostomula
at younger ages, when compared to the charr of this study.
The exponential increase in the mean number of metacercariae
with age shown in our results is probably a function of the
size (surface area) of the ?{sh and the number of yegis they
have been exposed to infection. Hendrickson (1978; states
that a continual buildup of metacercariae with inc;easing
fish size may indicate that the longevity of the parasites
approaches that of the host fish, In support of this view
would be the observation that no obviously degenerating
diplostomula were evident in any of the fish examined. Thus
the urnusually high concentrations of letScercariae in older
charr from northern Labrador may be seen as a function of the
ége of these long-lived fish, rather than a tesﬁlt of more
inéense seasdna; transaission than occurs in -temperate lakes.

The primary difference between * the infection of

Diplostomus in Arctic charr as reported here, and. in other



Y P

e s R B T T T e N S e T LN L S S C T b U B P
°

) -99-

fish species appears to be the positioning of  the
metacercariae within the .eye, with most located in the
epichorioidal lymph space behind the retina. Only Hendrickson
(1978) provides evidence of‘a similar occurrence of JD.
spathaceum recovered from the choroids of brook trout and
rainbow trout. Davies et al. (1?73) ébserved that for
infected bfown trout 28% of the metacercatriae were found on
the lens, 62% on the retina, 7% on the 1iris and 3% in the
vitreous humor, while for rainbow trout 20% were on the lens
and 80% on the retina. lester and Huizinga (1977) found a new
species of diplostomula (D. adamsi) occurring in clusters
located within the peripheral regions of the retina of perch
(Perca flavescens). It remains possible that two speclies of

Diplostomum may be present in the eyes of the charr; one in

the 1lens and another in the epichorioidal 1lymph space, a’

-

situation similar to that reported by Dick and Rosen (1980)
for lake whitefish, ‘ ,

In contrast to other locations within the eye,
letacércariae in the epichorioidal lyaph space’ of the
northern Labrador charr do goi interfere with light passing

- - P 4
to the retina, As a result, the high infections reported here

do not 1jkely affect the vision of the fish in any direct

manner, Whether their presence affects eye function in other
ways is unknown, but it vould appear that charr under these"

conditions of diplostomiasis would be able to tolerate higher

levels of infection than hosts in which the diplostomula. -

o
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