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Abstract

Morphological studies, experimental cross-infections and host specificity data
suggest that the species of swimbladder nematode which matu;-es in Coregonus
clupeaformis, from inland lakes is not distinct from Cpystidicola farionis which
matures in Coregonus artedii and other salmonids from Lakes Superior and Nipigon.
Adult worms in Coregonus clupeaformis are morphologically indistinguishable from
those in other hosts. However, eggs of worms in Coregonus clupeaformis have
predominantly lateral filaments, while those in other hosts have predominantly polar
filaments. Larvae which accumulate but do not mature in the swimbladder of
Coregonus clupeaformis from Lake Nipigon, grew and developed toward maturity in
hatchery-reared Coregonus clupeaformis of Lake Simcoe origin. One, mature, male
worm was found 77 days after experimental infection. Only female worms
containing unshelled eggs were found after 120 days. This suggests that the
development of C. farionis may depend on host strain. Uncertainty remains as to
whether variations in egg morphology are host-induced or due to genetic differences
of the worms involved.

Filaments on the eggs of C. farionis readily adhere to the setose areas on the
appendages of amphipod intermediate hosts. Presumably, this increases the
probability of the intermediate host ingesting eggs. Eggs stored in water or saline
for periods of two weeks or more do not hatch in the gut of amphipods. Only eggs
recently released from female worms hatch and develop.

Mature swimbladder nematodes were found in Coregonus clupeaformis from all
of seven inland lakes examined in northwestern Ontario. Coregonus artedii was

present in three of these lakes but was not infected, perhaps due to the lack of

amphipod intermediate hosts in its diet. Cystidicola farionis matures in Salvelinus

ii



namaycush from Pettit Lake, Ontario and has eggs resembling those from worms in
Coregonus clupeaformis from the same lake. Prosopium coulteri from Lake Superior
are infected with C. farionis (new host record) but are not considered to be a
suitable host for the worm as no mature worms were found. Infections in
Coregonus clupeaformis from Pettit Lake and in Salmo gairdneri from Lake Superior
exhibited similar seasonal periodicity with largest worm numbers occurring in the
spring.

The cephalic structures of C. farionis, and its close relative, C. stigmatura
were studied using a scanning electron microscope and are compared with those of

other cystidicolids.
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Introduction

Nematodes of the genus Cystidicola Fischer, 1798 (Habronematoidea:
Cystidicolidae) are paras;tic in the swimbladder of salmonid fishes. Two valid
species are presently recognized (Black 1983a). Cystidicola stigmatura (Leidy, 1886)
occurs in charr (Salvelinus spp.) from North America and utilizes the oppossum
shrimp (Mysis relicta Loven) as an intermediate host (Smith and Lankester 1979).
Cystidicola farionis Fischer, 1798, occurs in a variety of salmonids from Eurasia and
North‘ America, and uses amphipods as an intermediate host (Smith and Lankester
1979). The two species are most easily distinguished by the morphology of their
eggs. The eggs of C. farionis are filamented while those of C. stigmatura have
lateral lobes.

Reports on the occurrence of C. farionis in various hosts are numerous (see
Margolis and Arthur 1979), but its biology has only recently received attention
(Smith and Lankester 1979; Black and Lankester 1980; Lankester and Smith 1930).
Development of C. farionis is retarded in some hosts such that worms rarely reach
maturity. Lake whitefish (Coregonus clupeaformis (Mitchill)) from Lake Nipigon are
often infected with large numbers of C. farionis yet no mature worms have been
found (Lankester and Smith 1980). Immature worms are also common in lake
whitefish from Lake Superior although a small proportion are mature in some
individuals. Lake herring (Coregonus artedii (LeSueur)) and other salmonids from
both of these lakes harbour large numbers of mature C. farionis. Conversely, lake
whitefish from Lake Huron and several inland lakes are infected with mature worms

(Lankester and Smith 1980), while lake herring in the same waters are not infected

(Watson and Dick 1979) or have only immature worms (Leong and Holmes 1981).



Worms which mature in lake whitefish have eggs with mainly lateral filaments while
eggs of worms which mature in other salmonids have predominantly polar filaments
(Lankester and Smith 1980). The apparent differences i;l egg morphology and
varying host specificity led Lankester and Smith (1980) to speculate that the worm
which matures in the swimbladder of lake whitefish may represent a new species of
Cystidicola. In the present study, the morphology of adult worms and eggs, host
specificity data and experimental cross-infections were used as a test of this

hypothesis.



Methods and materials

The swimbladders of fishes examined for Cystidicola farionis were collected
between spring 1983 and winter 1985. Rainbow trout (Salmo gairdneri Richardson),
coho salmon (Oncorhynchus kisutch (Walbaum)), and rainbow smelt (Osmerus mordax
(Mitchill)) were taken by anglers in rivers along the north shore of Lake Superior,
east from Thunder Bay to Terrace Bay, Ont. Rainbow trout, lake trout (Salvelinus
namaycush (Walbaum)), chinook salmon (Oncorhynchus tshawytscha (Walbaum)), lake
whitefish, lake herring, and round whitefish (Prosopium cylindraceum (Pallas)) were
taken by anglers and commercial fishermen from Thunder Bay and Black Bay of
Lake Superior. Pink salmon (Oncorhynchus gorbuscha (Walbaum)) were taken in a
seine net in Blind Creek, Thunder Bay (48°29°'N,89°04’W). Pygmy whitefish (P.
coulteri (Eigenmann and Eigenmann)), collected in the summer of 1955 from
Keweenaw Bay of Lake Superior and preserved in 70 % ethanol, were borrowed from
the University of Michigan Museum of Zoology, Ann Arbour, Michigan (UMMZ
167956). Other pygmy whitefish collected from Keweenaw Bay in 1955 and from
Quebec Harbour of Lake Superior in 1963 were borrowed from the Royal Ontario
Museum, Toronto, Ontario (ROM 16844 and ROM 22497, respectively). Coho salmon
were taken by anglers from Lake Ontario near Port Credit, Ontario. Rainbow trout,
coho salmqn and chinook salmon were taken by commercial fishermen in the North
Channel of Lake Huron. Lake whitefish and lake herring were taken by commercial
fishermen and in gill nets set by the author with the Ontario Ministry of Natural
Resources (OMNR) from Lake Nipigon. Samples from several smaller, inland lakes in
northwestern Ontario included lake whitefish and lake herring from Lac Des Mille

Lacs (48°52°N,92°28'W), Greenwater Lake (48°34’N,90°26’W), and Pettit Lake



(48°57°N,92°16’W) and lakeA whitefish from Sandford Lake (49°08°N,91°41'W), Little
Dog Lake (48°39°N,89°30°W), Mount Lake (49°02'N,92°10°W), and Wakitchen Lake
(49°00°N,92°13’W). Swimbladder nematodes were examined from lake whitefish of
Cold Lake, Alta. (54°33’N,110°05°W) and Slave River, NWT (61°18°N,113°40’W). One
arctic charr (Salvelinus alpinus (L)) was examined from Willow Lake, NWT
(68°20°N,107°45’W). In addition, swimbladder nematodes were examined from lake
trout of Pettit Lake, Mount Lake, Icarus Lake, Ont. (48°13’N,90°34’W), Simmons
Lake, BC (59°11'N,129°46’W) and Aishihik Lake, YT (61°25°N,137°15’W). Scientific
and common names of fishes follow those given by Bailey et. al. (1980).

Fish were identified and fork length, weight and sex were recorded.
Swimbladders were removed and dissected fresh in 0.7% physiological saline solution
(7 g of NaCl in 1000 ml of distilled water). For museum specimens, existing
incisions in fish were extended and the swimbladders removed. Specimens were
returned to their respective collections. Swimbladders were examined using a
dissecting microscope at 6 to 25 X. Worms were fixed in hot glycerin-alcohol (10%
glycerin in 70% alcohol) and cleared in glycerin. Worms from swimbladders that had
been previously fixed were placed in glycerin-alcohol at room temperature and
cleared in glycerin. Female worms with shelled eggs in the uterus and male worms
with sperm in the vas deferens were considered mature; all others were considered
immature. Sex of third-stage larvae was determined by the appearence of the
gonad; the male gonad is convoluted and extends anteriorly to the middle of the
body while the female gonad is straight and extends into the anterior half of the
body (Black and Lankester 1980). All drawings and measurements were made with
the aid of a camera lucida. Common parasitulogical terms are used as defined by
Margolis et al. (1982).

Otoliths and pelvic fin rays were used to age lake whitefish from Pettit Lake.



Stomachs from these fish were preserved in 5 percent formalin and later examined
to determine if there were seasonal differences in feeding habits which might
explain seasonal parasite differences. Stomachs were also examined from three
lake herring and two lake trout from Pettit Lake.

Experimental cross-infections with C. farionis were attempted between lake
whitefish and rainbow trout. Worms from Pettit Lake lake whitefish were raised in
amphipods and given to hatchery-reared rainbow trout and lake whitefish. Worms
from Lake Superior rainbow trout were raised in amphipods and given to lake
whitefish and rainbow trout. Fish were obtained from hatcheries and fed a
commercially prepared, pelletized, fish food. They were held in 350 1 polyethelene
tanks with a constant flow (2 1/min) of dechlorinated water (8-21°C).

Amphipods used in experiments were identified using Bousfield (19358).
Laboratory raised Hyalella azteca (Saussure) and Gammarus fasciatus Say collected
from various localities in and around the city of Thunder Bay, Ont., were used in
experimental work. Amphipods were held in 60 1 glass aquaria or 60 | styrofoam
coolers containing aerated dechlorinated water. Natural substrate was placed in the
tanks along with glass wool, natural vegetation and decaying wood (Smith 1978).
The water in the tanks was replenished weekly with either distilled water or
dechlorinated water. Amphipods were fed a diet of Tetra Min staple fish food
flakes supplemented with dried, deciduous leaf litter (Smith 1978).

Eggs were removed from live female C. farionis by three different methods.
Mature female worms were placed in a settling flask containing distilled water for
24 hours. Eggs released via the vulva of females were stored in distilled water,
dechlorinated water or saline at 6°C for up to 4 months. A second technique
involved dissecting eggs from the distal one third of the uterus in saline. Eggs

collected in this manner were fed to amphipods within 48 hours of their removal



from female worri:s. Eggs were more efficiently recovered from females when large
batches of worms were chopped in a blender in saline.

Amphipods were exposed to eggs which had been recently removed from live
worms and to eggs which had been stored in various media at 6°C for different
time periods. Amphipods were deprived of food for 24 hours pre-exposure.
Hyalella azteca were exposed for 2 to 18 hours to uncounted numbers of eggs in 8
ml concave infection dishes containing water from- their holding tanks. A small
amount of finely ground Tetra Min staple fish food was added to each dish to
stimulate feeding and to act as an indicator of amphipod feeding activity. The
larger G. fasciatus were similarly eprsed in 350 ml finger bowls. Amphipods were
dissected using a stereomicroscope at various intervals after exposure to eggs. The
lumen of the intestine was examined for ingested eggs and hatched first-stage
larvae as well as Tetra Min flakes. The haemocoel and remaining tissues were
examined for the presence of C. farionis larvae.

Amphipods, exposed 5 to 8 weeks earlier to C. farionis eggs, were fed to lake
whitefish and rainbow trout in order to establish experimental infections. Fish were
isolated within their holding tanks to ensure that each individual ingested equal
numbers of amphipods. A plexiglass chamber (30 cm x 30 cm x 65 cm), open at top
and bottom, was placed over an individual fish and amphipods were introduced from
the top. Each fish was removed from the chamber 30 minutes after it had eaten
the last amphipod. Fish were sacrificed by cervical dislocation at various intervals
after exposure. Swimbladders were removed and examined for C. farionis.

Rainbow trout and lake whitefish were also infected by feeding them a section
of an. earthworm, Lumbricus terrestris, into which third-stage larvae of C. farionis
had been injected. Larvae were obtained from the swimbladders of Lake Nipigon

lake whitefish in March, 1985. Earthworms were cut into 2 cm sections and one



end was tied off tight with thread. Batches of 100 larvac were drawn into a 3 cc
syringe through a 16 gauge needle in approximately 0.1 cc of saline. The untied
end of the earthworm section was placed over the needle of the syringe. This end
was tied off with thread around the needle and held taut while the contents of the
syringe were injected into the earthworm. The section of earthworm was removed
from the needle. and the thread was tied off. Each fish was given one section of
earthworm containing 100 larvae in the plexiglass chamber. Some fish would not
feed within the chamber. In this case the earthworm was introduced into the main
tank and the fish consuming it was identified and isolated for 30 minutes in the
chamber.

The potential of infected rainbow smelt to transmit C. farionis to large
piscivorous salmonids was investigated. Smelt were captured in McVicar Creek
(48°26°N,89°13°W), Thunder Bay, Ont. between April 24 and May 2, 1984. Twenty
were frozen and later examined to determine numbers of potentially infective,
third-stage, C. farionis larvae present. The stage of larval development was
determined by examining en face preparations (Anderson 1958), by the degree of
gonad development and by the presence or absence of a cuticular projection at the
base of the tail (Black and Lankester 1980). An additional 20 smelt were held live
in a 60 1 styrofoam cooler containing aerated, dechlorinated water. One to three
live smelt were fed daily to a large, hatchery-reared rainbow trout for a period of
eleven days. The rainbow trout was examined for swimbladder nematodes 148 days
after it had eaten the last smelt.

For scanning electron microscopy (SEM), live worms were fixed overnight in
buffered glutaraldehyde (10 ml of 25% glutaraldehyde in 95 ml of phosphate buffer=7
parts 7.1 g of Na,HPO, in 500 ml distilled water: 3 parts 7.8 g of NaH,PO, in 500

ml distilled water). Worms were rinsed in phosphate buffer and post-fixed overnight



in 4% osmium tetroxide (500 mg of OsO, in 50 ml of phosphate buffer). Post-fixed
worms were rinsed with distilled water and dehydrated in a graded acetone series
(50%, 70%, 90%, 95%, 100%, 100% acetone in distilled water). Dehydrated worms
were critical point dried with CO, in a Sorval critical point drying apparatus.
Dried specimens were mounted on aluminum tent stubs and coated with gold in a
Fullam EMS-76M sputter coater. Worms were viewed at 15kV with a Cambridge
S600 SEM. Amphipods were prepared in the same manner.

Variability in the position and number of filaments on eggs of C. farionis in
different host species was investigated using the SEM. Ten mature female worms
from each host species were frozen in saline. Worms were later thawed and mature
eggs dissected from the vagina and distal 1 mm of each uterine branch. Eggs from
the ten female worms were mixed and pipetted onto a Nuclepore membrane filter
(pore diameter 0.2 m) in a Millipore vacuum filtering apparatus. Eggs were rinsed
in distilled water, fixed in 5% AFA (90 ml of 70% alcohol, 5 ml of glacial acetic
acid, 5 ml of 100% formalin) for three hours and rinsed again in the filtering
apparatus. Filter papers with attached eggs were placed into a petri dish of
distilled water and cut to stub size with a cork borer (diameter 14 mm). After
dehydration in a graded acetone series (30%, 50%, 70%, $0%, 100%, 100%), eggs were
critical point dried, mounted on stubs and coated with gold. Coated specimens were
viewed at 7.5 kV. Thirty eggs were randomly chosen from each sample. Individual
eggs were photographed at 500 X and 1000 X. Counts of lateral and polar filaments
were made from 35 mm photomicrographs.

The total number of eggs in each of five C. farionis from Lake Superior
rainbow trout and five C. stigmatura from Icarus Lake lake trout was estimated.
Eggs in two measured body sections cut from fixed; female C. farionis were counted

and an estimate of total numbers made by multiplying the mean number of eggs by



the length of the body containing uterus. This method was used since it is
extremely difficult to remove the uterus intact from C. farionis. The entire
reproductive tract was dissected out of fixed, female C. stigmatura and eggs were
counted in six measlured sections.

All statistical tests follow Steele and Torrie (1980). Analysis of variance and
covariate analysis were used to examine the effects of fish sex, age, and length,
and season of capture on the intensity of C. farionis infections and the proportion
of worms reaching sexual maturity. Analysis of variance was used to examine the
effect of host species on the distribution and lengths of filaments on nematode
eggs. Chi-square and Scheffe’s range tests were computed when applicable. The

minimum level for statistical significance was P<0.05 for all tests. Mean values

given in the text are followed by standard error.



Results

Examination of naturally infected fish

Inland lakes

Cystidicola farionis was found in lake whitefish from all seven inland lakes
sampled (Table 1). The prevalence of infection ranged from a high of 100% in
Little Dog Lake to 37% in Lac Des Mille Lacs. The number of worms in each
infected fish was usually low (X=15). Considerable variation existed between lakes
in the mean percentage of mature worms per infected fish (Table 1). Length and
sex of fish had no effect on intensity of infection or the mean percentage of
mature worms in lake whitefish collected from Greenwater (intensity .F2’84=O.49,
maturity F,g,=1.01), Mount (intensity F,,;=0.32, maturity Fy27=2.12) and
Wakitchen (intensity Fj,,e=0.70, maturity F,,s=0.39) lakes. The effect of season
could not be tested as samples were collected at one time only from each of these
lakes.

Lake herring were examined from three lakes from which infected lake
whitefish were obtained. None contained swimbladder nematodes (Grcenwate}' Lake,
n=26, fork length 11-32 cm, examined summer 1983; Lac Des Mille Lacs n=135, fork
length unknown, summer 1984; Pettit Lake, n=4, fork length 11-13 cm, fall 1984).
No amphipods were present in three lake herring stomachs examined from Pettit
Lake.

Sufficient infected lake whitefish were available from Pettit Lake to test the
possible effect of season of capture on prevalence, intensity and the proportion of
worms that had reached sexual maturity (Table 2). Fish collected in the fall

(Nov. 1, 1983 and Oct. 28-30, 1984) were gill-netted on spawning shoals in 1 to 3 m

10
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of water by a commercial fisherman. Fish caught in the spring (May 18-21, 1984)
were taken in trap nets in 3 m of water and in gill nets set at depths around 10
m. Lake whitefish sampled were 4 to 26 years old (X=11.8) and from 17 to 47 cm in
fork length (%=38.4 + 0.48). Sex, age and length of lake whitefish had no
significant effect on the intensity of infection or the mean percentage of mature
worms per infected fish (Table 2) (intensity F2,89=7.53; maturity F2’89=l.98). Older
fish tended to have more worms and fewer mature worms than younger fish in the
fall 1983 sample, but this trend was not statistically significant. No fish younger
than six years old were infected, but only five fish were examined. The prevalence
of C. farionis and the mean percentage of mature worms per infected fish were
higher in the spring than in both fall samples (prevalence X2%=2.11, d.f.=133; maturity
F,g0=21.27) (Fig. 1). The mean intensity of infection was lower in the fall of 1934
than in fall 1983, and spring 1984 (F2,89=l9.63).

There were marked differences in the feeding habits of lake whitefish collected
in spring and fall of 1984 (Table 3). Hyalella azteca, a ghallow water amphipod,
was found in the stomachs of fish caught in the fall while Pontoporeia affinis
Lindstrom, a deepwater species, was the only amphipod found in the spring sample.
Pelycypods and dipterans were most common in the spring sample. Ephemeropteran
nymphs, specifically those of Hexagenia sp., were common in fish from both
seasons. No Mysis relicta were found in the stomach of any lake whitefish.

Four of five lake trout (fork length 42-58 cm, X=51.5 + 3.1) examined from
Pettit Lake in fall of 1984 were infected with C. farionis (intensity 2-15, X=6) of
which 18 worms (75%) were mature. One lake trout (65 cm) examined in fall 1984
frem adjoining Mount Lake had C. stigmatura (182 worms), but not C. farionis.
There were no M. relicta in the stomachs of two infected lake trout examined from

Pettit Lake.
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Figure 1. Cystidicola farionis infections in lake whitefish, Coregonus
clupeaformis, collected from Pettit Lake, Ont, in fall and spring

1983-1984.
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Table 3. Stomach contents of lake whitefish (Coregonus

elupeaformis) from Pettit Lake, Ontario, 1984,

Season of sample

Spring 1984 Fall 1984
(n=50) (n=30)

Gastropoda 22* 26
Pelycypoda 60 10'
Hydracarina 16 29
Cladocera - 16
Ostracoda - 3
Isopoda - 3
Amphipoda

Hyalella azteca - 13

Pontoporeia affinis 28 -
Ephemeroptera 76 45
Hemiptera 4 13
Megaloptera 34 3
Trichoptera 8 19
Coleoptera 6 3
Diptera (larvae) 76 29
Diptera (adults) 20 -
Hymenoptera 4 -
Fish - 10
Empty 6 35

*Percentage occurrence,

15



Lakes Superior, Nipigon, Huron and Ontario

A variety of salmonids from Lakes Superior and Nipigon were infected with
C. farionis (Table 4). Lake whitefish had only immature worms, often in large
numbers. A large proportion of worms in lake herring from both lakes was mature
(68% and 74% for Superior and Nipigon respectively). Twenty-three percent of
worms in rainbow trout from Lake Superior were mature. Pygmy whitefish from
Lake Superior had only immature worms (5-8 mm long)

Incidental examination of fish from Lake Huron revealed mature C. farionis in
one of two rainbow trout, but one coho salmon and one chinook salmon were not
infected (small sample sizes and a single sampling period limited the value of the
Lake Huron data). No swimbladder nematodes were found in 10 coho salmon
examined from Lake Ontario.

Sufficient infected rainbow trout were available from Lake Superior to test the
possible effect of season on the prevalence and intensity of C. farionis infections,
and the proportion of worms reaching sexual maturity. Prevalence, mean intensity
and mean percentage of mature worms per infected fish were higher in spring 1983
and 1984 than in fall 1983 and 1984 (prevalence X2=13.12, d.f.=153; intensity
F395=2.74; maturity F2,31=6.83). Limited data prevented testing the effects of age,
sex and length of rainbow trout on C. farionis infections. Fish sampled in spring
1984 were not included in the maturity sample as both immature and male worms

were destroyed with female worms during egg removal ir the blender.

Experimental infections
Experimental infection of amphipods

Eggs of C. farionis were fed to amphipods in attempts to obtain third-stage

16



Table 4. Cystidicola farionis in fishes from Lakes Superior, Nipigon, Huron and Ontario, 1983-1985.

17

Mean % mature

Fish species and location Season sampled* Length of Prevaience . Meaf worms per
fish intensity infected fish
Lake Superior
Coregonus artedii Su83,F83 36 32.0%0.7%* 64 39+12.7* 68
(22.9-39.3)
Coregonus elupeaformis Su84 7 ? 43 120.3 0
Prosopiun coulteri Su55,Su63 35 9.9+0.3 20 10,2 0
(6.8-13.2)
Prosopium cylindraceun Su83 20 33.440.8 25 7:4.4 93
(28.4-39.9)
Oncorhynchus gorbuscha F83 2 ? 100 54 85
Oncorhynchus kisutch F84,F85 4 100 116£12.0 67
Oncoriyhchus tshawytscha S84,5uB4 4 100 14+7.9 22
Salmo gairdneri $83,5u83,F83,584, 153 50.8£1,6 63 3745.9 3™
SuB4,fF84 (31.0-71.0)
Salvelinus namaycush Su83 2 ? 100 9 0
Osmerus mordax S84 20 13.7%0.2 75 40,9 0
Lake Huron
Oncoriynchus kisutch F84 61.3 0
Oncorhynchus tshawytscha F84 49.0 0
Salmo gairdner:i F84 2 70.3 50 100
. (64.1,76.5)
Lake Ontario
Oncorhynchus kisutch Sug4 10 °
Lake Nipigon
Coregonus artedii Su83 52 21,9%1.3 21 2819.4 74
(13.9-25.4)
Coregonus clupeaformis Su83,W85 38 ? 83 87 0
Prosopium cylindraceum Su83 1 29.2 0 - -

*H,December-March; S,April-May; Su,June-August: F,September~iovember.

**Mean fork length (cm) £ SE, subtended by range in parentheses.

*Mean = SE.

++ .
Does not include S84 and Su84.



larvae for experimental infections. Mortality was high (up to 100%) in both infected
and uninfected amphipods. No natural C. farionis infections were found in any
amphipods used in experiments. Amphipods were viewed with a stereomicroscope
after they had been introduced into a dish of water containing eggs of C. farionis.
Currents created by the movement of the appendages and swimming motions of the
amphipods caused the eggs to circulate throughout the water. Eggs readily adhered
to appendages where setaec were present. Scanning electron microscopy revealed
that filaments on the eggs had wrapped around the setac and sometimes adhered to
flat surfaces on the amphipod (Figs. 2-5). Most eggs adhered in areas where there
were two or more adjacent setae for attachment. Live amphipods frequently
groomed their antennae, clearing off eggs and debris with their gnathopods.

Success in infecting amphipods was dependent on the duration of egg storage
(Table 5). Cystidicola farionis eggs stored at 6°C for 2 to 17 weeks in
dechlorinated water, distilled water or saline did not hatch in the gut of
amphipods. Eggs were still present in the gut up to 24 hours after exposure. No
larvae were found in the haemocoel of any amphipod that was exposed to eggs
stored for more than 2 weeks. Only eggs recently removed (<48 hours) from live
worms hatched when fed to amphipods (Table 5). Most hatched within 24 hours
postexposure (PE). First-stage larvae were found in the haemocoel as early as 4
hours PE.

Large batches of amphipods were exposed to eggs recently removed from live
C. farionis. Six hundred H. azteca and 1,500 G. fasciatus were exposed to eggs
from worms in lake whitefish from Pettit Lake. Eight hundred H. azteca and 1,500
G. fasciatus were exposed to eggs from worms in rainbow trout and lake herring
respeciivcly from Lake Superior. Mortality of amphipods was high (83% to 97%) in

all four groups after 5 to 8 weeks. Only one third-stage larva was recovered from

18
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Figures 2-5. Scanning electron micrographs of an amphipod (Gammarus sp.)
after exposure to eggs of Cystidicola farionis. Fig. 2. Anterior end of
amphipod. ant, second antenna; g, gnathopod. Bar=0.5 mm. Fig. 3.
Second gnathopod with five eggs attached. Bar=50 u . Fig. 4. Second
antenna with three eggs attached. Bar=50 g . Fig. 5. Attachment of

filaments to setae and flat surface of second antenna. Bar= 20 4.
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one of five H. azteca examined 8 weeks PE to eggs of C. farionis in lake whitefish
from Pettit Lake. No larvae were found in five amphipods from ecach of the three
remaining groups when examined 5 to 6 weeks PE.

Experimental infection of fishes

Success in infecting fishes by feeding exposed amphipods was poor. Only one
worm was recovered in four attempts. Five H. azteca, exposed 8 weeks earlier to
eggs from worms in lake whitefish from Pettit Lake, were fed to each of 10
rainbow trout and 10 lake whitefish. Only one fourth-stage larva (7.2 mm long) of
C. farionis was recovered from one lake whitefish examined.at 70 days PE. None of
the remaining fishes, examined at 35, 70, 90, 105, and 150 days PE, was infected.
Eleven H. azteca, exposed 6 weeks .earlier to eggs from worms in rainbow trout
from Lake Superior, were fed to each of two lake whitefish and two rainbow trout.
No worms were recovered at 50 days PE. One rainbow trout and one lake
whitefish, each given 20 G. fasciatus exposed 5 weeks earlier to eggs from worms in
lake whitefish from Pettit lake, were not infected when examined at 30 days PE.
Similarly, no worms were recovered after 30 days from one rainbow trout and one
lake whitefish each given 20 G. fasciatus exposed 5 weeks earlier to eggs from
worms in lake herring from Lake Superior.

Attempts were made to infect lake whitefish and rainbow trout with immature
C. farionis from the swimbladder of lake trout and rainbow trout of Lake Superior.
Up to 30 larvae (stage of development unknown) were stomach-tubed into lake
whitefish and rainbow trout but no worms were recovered 48 hours later. Fish
commonly regurgitated. This may be due to a side effect of the anesthesia which
was necessary for stomach-tubing (see Black 1980). Up to 40 larvae were fed to
rainbow trout in gelatin capsules, but no infections resulted.

A trial experiment showed that fish would readily consume a section of an
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earthworm into which larvae had been injected. After 31 hours, one worm was
recovered in the swimbladder, two in the esophagus and two in the stomach (one of
which was dead) of a lake whitefish given 50 larvae in this way. Using the
earthworm technique, 10 rainbow trout and nine lake whitefish, were each given 100
C. farionis larvae from Lake Nipigon lake whitefish. Examination of a subsample of
larvae used for infections revealed that 94% (49 of 52) were still in the third stage;
the rest were fourth-stage.

Eight of 10 of the exposed rainbow trout died 24 to 48 hours later of causes
unrelated to the experimental infection. Four of these fish had from 1 to 18 worms
(X=9) that were 3.5 to 7.5 mm long (X=5.6 mm) (Table 6). No worms were found in
one rainbow trout examined at 90 days PE. Two fifth-stage, non-gravid female
worms, 11.2 and 119 mm long, and one fourth-stage female, 10.5 mm long, were
found in the last rainbow trout examined at 120 days PE. Temperature fluctuated
from 8 to 12°C over the 120 days.

Lake whitefish were examined at 30, 60, 77, 90, 120 and 144 days PE (Table
7). Temperature ranged from 12 to 17°C for the first 80 days and from 8 to 12°C
for the duration of the experiment. Cystidicola farionis from Lake Nipigon lake
whitefish grew rapidly in hatchery-reared lake whitefish (Table 8, Fig. 6). Five of
six worms had undergone the third moult by 30 days PE. Only fourth- and
fifth-stage worms were recovered after 60 days. A f<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>