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ABSTRACT

Paramphistomes (Paramphistomum sp.) were found in 86% of 160 moose rumens
collected from northwestern Ontario at all seasons of the year. All moose older
than 2.4 years were infected. The number of flukes per moose ranged from 16 to
28,262 (median = 1,135). Their distribution in moose was overdispersed and
approximated a negative binomial. The intensity of infection did not vary with
age with the exception of calves (0.5 - 1.4 years) which had fewer flukes than
older moose. Small, newly acquired flukes were first seen in the rumen of calves

and older moose in October.

Few gravid flukes were found in moose over winter. The proportion of worms
with eggs increased in March and April and 100% were gravid from May to July.
Thereafter, the proportion gravid declined, reaching 0.5% in November. Similarly,
few eggs were found in feces of wild moose during winter but the numbers began to
rise in March and exceeded 100 eggs/g feces in July. By September, few eggs
could be found. This annual fluctuation in the production of eggs is not related
to seasonal transmission and life span of the flukes. Experimentally infected
moose which had no opportunity for reinfection began to pass eggs in spring and
stopped in the fall for up to 3 consecutive years following a single infection.
This adaptation, which enables the parasite in a northern host to recognize
favourable seasons, may compensate in part for the inability of paramphistome

eggs to survive freezing.

Three captive moose given 3,000 to 11,750 paramphistome metacercariae in
September began to pass eggs the following April (185-225 days). Another, not
given metacercariae (9,000) until December, came patent in 169 days (May). One
experimental animal given non-gravid flukes from a wild moose by rumenotomy in

late February also began to pass eggs in April. No signs of disease due to
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rumen fluke infections were seen in experimental animals.

A total of 7,910 aquatic snails representing 15 species were examined from
32 lakes and rivers thought to be used by moose. Only Helisoma trivolvis and H.
campanulatum were shedding paramphistome cercariae (0.9% and 1.1% respectively).
Paramphistome metacercariae were found attached to the ventral side of floating
vegetation in 4 of 12 lakes investigated. The black, pin-head-sized metacercariae
were present on vegetation from late June until late August and September when
aquatic plants began to die. Attempts to infect H. trivolvis and H. campanulatum

in the laboratory were unsuccessful.

Paramphistome eggs held at 11°C did not develop. When the temperature was
raised to 19°C, eggs began to hatch after 30 days. Since lakes in northwestern
Ontario do not reach 11°C before mid-May it is most likely that metacercariae
appearing on aquatic vegetation in late June originate from snails infected in
previous summers. Transmission to moose is probably greatest when they feed most

intensively on aquatics from mid-June to mid-July.
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INTRODUCTION

Rumen flukes of the genus Paramphistomum Fischoeder, 1901 have been reported
from moose (Alces alces L.) throughout much of the range of this host in North
America (Anderson and Lankester 1574, Lankester et al. 1979). The identity of the
species involved, however, has not been resolved. Reports in the literature
generally refer specimens from moose to P. cervi (Zeder 1790) and those from white-
tailed deer (Odocoileus virginianus) to P. liorchis Fischoeder, 1901. This
practice implies strict host specificity but reports of both species in other wild
and in domestic ruminants suggest otherwise (Price and McIntosh 1944, Sey 1980).
During the course of the present study, specimens from moose in northwestern
Ontario were sent to 3 experienced taxonomists and 3 different determinations
resulted. A more detailed morphological study presently underway may help to
clarify the problem. For the purpose of this work, however, it was necessary to
assune that only one species of rumen fluke was involved and it is herein referred

to as Paramphistomum sp.

A preliminary study by Lankester et al. 1979 revealed that most rumen flukes
collected from moose in winter (November - February) were small and contained no
eggs. Specimens from moose during summer (July and August) were larger and all
were gravid. Intensity of infection did not appear to increase with the age of
moose although accurate estimates of total numbers were not attempted. At least
one calf became infected in its first summer of life. This evidence suggested
that rumen flukes were picked up by moose during summer, possibly while feeding
on aquatic vegetation. Worms did not mature until the following spring and died

by September or October after a relatively short life span of about 16 months.

The commencement of egg production in March by flukes acquired the previous

sunmer represents an unusually long prepatent period. Eggs of P. cervi were



passed by roe deer (Capreclus capreolus) 82-96 days after experimental infection
and by sheep and cattle after 103-115 days (Kraneburg and Boch 1978). If moose
became infected from mid-June to mid-July when aquatic feeding is most intensive
(Cobus 1972, Fraser et al. 1984), gravid rumen flukes might be expected by Novem-
ber. This apparent delay in the maturation of flukes suggested to Lankester et al.
(1979) that some environmental cue such as change in diet may signal favourable
conditions and stimulate egg production in spring. Qupta et al. (1984) similarly
reported that the maturation of P. cervi is delayed in sheep and apparently
synchronized with appropriate meteorologic factors and the availability of the

snail intermediate host in India.

The purpose of this study was to confirm observations made by Lankester et al.
(1979) and to collect additional data which would test their hypotheses regarding
the life-cycle of rumen flukes in moose., Specifically, the following questions
were asked. Do rumen flukes only live about 16 months and does their life span
and a restricted period of transmission explain the absence of gravid worms in
moose over winter? Alternatively, are flukes long-lived? Does intensity increase
with age of moose and can flukes in their host detect changes in season that cause
egg production to stop in the fall and resume again when favourable conditions
return the following spring? Efforts were also made to determine the species of
aquatic gastropod important as intermediate hosts of rumen flukes in northwestern
Ontario and how and when moose become infected. Finally, observations of experi-
mentally infected moose and necropsy of wild moose killed by hunters or vehicles

allowed an assessment of the parasite's pathogenicity.



METHODS AND MATERIALS

Examination of wild moose

The rumens from 160 moose were examined for flukes during the period 1976-
1981. Most samples were obtained from moose killed by hunters or by vehicles,
All moose came from an area of Ontario along the north shore of Lake Superior
extending west to Turtle Lake (48°50'N., 92°40'W.), east to Lake Superior

Provincial Park and north to Stevens (49°32'N., 85°49'W.).

Whenever possible, the sex of each animal was recorded and its age
determined. Calves and yearlings were aged by the extent of tooth eruption and
wear (Passmore et al. 1955). Calves were sometimes identified by their much
amaller hoof size. Older animals were aged by staff of the North Central Region's
ageing unit of the Ontario Ministry of Natural Resources. Age was determined by
counting annual layers in the cementum of the first incisor tooth (Sergeant and

Pimlott 1959).

Rumens were examined either fresh or after being frozen and thawed. They
were opened mid-dorsally and the inner surface and contents inspected for flukes.
Specimens were stored in 10% formalin or in a 10% solution of glycerin in 70%
alcohol. 1In 1980 and 1981, the lining and contents of the omasum and abcmasum
were also searched for flukes. When present, the proximal 20 an of the duodenum
was opened and searched for immature flukes, sometimes by pressing between glass
plates and holding to the light. Flukes found in these latter locations were

stored separately.

Estimates were made of the total number of flukes present in the rumens of
60 moose in 1980 and 1981. 1In 1980 the volume of the contents of the rumen and

reticulum were measured in a graduated polyethylene container. The contents were



then placed in a 200-L drum. Water was added to achieve a total volume 3 times
that of the rumen and reticulum contents to facilitate thorough mixing. The
material was stirred with a paddle and while stirring, 4, l1-L samples were taken
by dipping a 1-L beaker. Each sample was washed in a sieve and stored in 70%
alcohol. Flukes still attached to the rumen lining were washed off with a strong
current of water along with the adhering vegetation. This material was brought
to 15 L with water. While stirring vigorously, 4, 0.5-L samples were removed,
washed in a sieve and stored in alcohol. In 1981, flukes and vegetation adhering
to the rumen lining were washed off with a strong current of water. This was
then sieved and the material (generally about 1 L or less) added to the extracted
rumen and reticulum contents. The rumen and reticulum contents were then diluted

and sampled as in 1980.

In both 1980 and 1981, samples of flukes were sometimes removed prior to
sampling or sometimes a few flukes were found on the rumen wall after washing
with the strong current of water. Flukes removed in this way were counted and

added to the estimated count.

The subsamples of rumen material were later examined for flukes. Portions
of the material were spread on gridded white enamel trays, immersed in water and

carefully searched. Flukes recovered were counted and stored in 70% alcohol.

To determine whether the 4, 1-L rumen samples and 4, 0.5-L rumen lining
samples were randomly selected, chi-square tests were run on each set of 4
samples. The chi-square tests indicated that 4 of the 59 sets of rumen samples
and 2 of the 31 sets of rumen lining samples were non-randomly selected (P = 0.05).
However, it is to be expected that if enough random sets of samples are drawn that
eventually a set will ke drawn that will test as non-random. The number expected

can be calculated by the product of the probability level and sample size. In the



case of rumen samples, the expected number is 3.9 (0.05 x 59). The 3.9 is not
significantly different from the observed 4 (X? = 0.186, daf =1, 0.50<P<0.75).
Similarly the observed 2 rumen lining samples that tested as being non-random are
not significantly different from the expected 1.6 (0.05 x 31) (X? = 0.046, a&f =1,
0.75<P<0.90). It was concluded that the sampling methods did sample in a random

manner.

Total number of flukes (N) in a rumen was estimated in 1980 by:

N = (?_____Rw__z__.’f,_S_ X 3 Rum Vol) + (ERumI;ln SS X 30) + Others

and in 1981 by:
N=<§§l-ﬂ-n-§§ X 3RumVol)+ Others

4

Where Rum SS is rumen subsample counts
Run Vol is rumen-reticulum volume
RumlLin is rumen lining subsample counts

Cthers is flukes collected prior to sampling

To determine the ratio of gravid to non-gravid flukes, up to 70 worms were
arbitrarily selected from counted rumen subsamples. When 70 worms were not
available, additicnal specimens were selected from the rumen lining subsample. In
rumens that were not subsampled for population estimates, 70 worms were selected.

Samples of less than 10 flukes were not used in analysis.

Flukes were dehydrated and cleared in graded alcohol and xylene series
respectively and examined with a Bausch and Lomb dissecting microscope at 20 X
magnification. If a fluke had one or more eggs in its uterus it was considered

gravid.

To determine if the method of collecting flukes from the rumen influenced



the proportion gravid, flukes from 20 rumen subsamples were compared to flukes
from the rumen lining subsamples from the same 20 moose. All 20 comparisons had
a similar proportion gravid to non-gravid as tested by chi-square tests. These
results justified the comparison of samples collected from rumen counts to those

samples collected directly from the rumen.

Gravid and non-gravid flukes were rehydrated in an alcohol series and
measured in 70% alcohol. Flukes to be measured were placed in a Petri dish,
just covered with 70% alcohol, and placed on an overhead projector. Projected
images were traced on a screen. A vinylite rule was placed in each projection to
determine the degree of magnification. The projector was checked for distortion
by placing the vinylite rule in different locations and no distortion was found.
The curved length of rumen flukes was measured directly from the tracings using
an electronic planimeter. A random sample of 53 flukes was measured for length
while in a 70% alcohol solution prior to clearing in xylene, and were measured
again after being returned to a 70% alcohol solution. The worms averaged 0.96 mm
less in length, a significant difference (t = 5.13, df = 102, P<0.001). The F
ratio for the length measurements was 1.46, indicating the variances were not
significantly different (0.10< P<0.20). Although the xylene did shrink the
flukes, the low F ratios indicated that all worms were shortened a similar amount
and therefore measurements would have value when comparing length of worms

obtained at different times of the year.
Examination of moose feces for rumen fluke eggs

Fecal material deposited by free-ranging or experimentally infected moose
and fecal material from the rectum of vehicle-killed and hunter-killed moose
were examined for rumen fluke eggs using a sedimentation technique. Feces were

examined while fresh or after being frozen and thawed. Twenty grams of feces



were macerated in 0.5 L of water and poured through a No. 80 Endicott sieve to
remove larger particles. More water was added to the sieve and the material
stirred until a 2-L graduated cylinder was filled. The paramphistome eggs, which
easily passed through the sieve, were allowed to settle to the bottom of the
cylinder. A tube with an opening of 1 mm diameter at its end was inserted into
the stem of a plastic funnel. The diameter of the large end of the funnel was
slightly smaller than the inside diameter of the cylinder. The funnel and
attached tube were lowered to the bottom of the cylinder (Fig. 1). Water flowed
through the tubing from an elevated header tank that could be adjusted in height
to provide a flow of about 100 ml per minute. Light material floated up and out
of the cylinder but the heavier eggs did not. Fach sample was gently washed in
this way for 4 to 8 hours before allowing eggs to settle and decanting the
cylinder to a volume of 200 ml. The 200 ml sample was agitated and 3, 2 ml
subsamples were removed with a pipette and examined in a gridded syracuse glass
using a dissecting microscope at 20 X magnification. The number of eggs per gram

of feces was estimated by:

_ Eggs in three, 2 ml subsamples 200 ml
Eggs/g = 3 X 70 g x 2 ml

The accuracy of the sedimentation technique was assessed by dividing a single
fecal sample into 9, 20 g subsamples and 3, 1 g subsamples. The 9, 20 g sub~
samples were put through the sedimentation process. The estimated mean of the 9
subsamples was 372 eggs/g with a range of 232 to 470 and a standard deviation of
76.2 eggs/g. The 3, 1 g subsamples were each mixed in enough water to make it
possible to count the eggs on a gridded syracuse glass. The counts obtained were
429, 519 and 402 eggs. There was no significant difference between the 3 direct
counts and the 9 sedimentation estimates (t = 1.59, df = 10, 0.10<P<0.20). Eggs

were measured using a Wild microscope and drawing tube.



Fig. 1. Apparatus for sedimentation technique used

to separate Paramphistomum sp. eggs from feces.






Examination of other ruminants for paramphistomes

Eleven (11) adult cattle (Bos taurus) and 4 adult goats (Capra hircus) killed
at a local abattoir were examined for rumen flukes. Only animals pastured near
forested areas were examined. The rumens of 5 adult white-tailed deer (Odocoileus
virginianus) from areas also occupied by moose were examined for rumen flukes.

Two samples of deer feces collected during July from Sibley Provincial Park were

examined for fluke eggs.

Experimental infection of captive moose

Five moose calves (3 males and 2 females) were captured May l4th, June 13th,
July 1Sth, 22nd and 23rd when they were from about 1-10 weeks old. Calves caught
in May and June were given a formula of condensed milk diluted by half with water
and with egg yolks added. Bottle feeding was supplemented with freshly-cut browse.
By mid-August calves were weaned onto a solid diet of commercial, calf starter plus
good quality alfalfa hay. Calves caught in July were placed on the above solid
diet supplemented initially by freshly-cut browse. All moose were housed in large
pens free of standing water and aquatic snails. In the third year, the moose were
given access to a larger penned area with a stream running through one corner.

No planorbid snails were seen in the stream.

One calf caught in July (No. 5) was given 10 tablets of Yomasum 20
(Niclosamide) to eliminate any migrating flukes on December 5, 1981. At this
dosage the moose was given 142 mg of Niclosamide per kilogram of body weight.
Horak (1971) found Niclosamide at 50-150 mg/kg body weight very effective against
immature flukes not yet in the rumen. Flukes already in the rumen were not

affected.

Two calves (No.'s 1 and 3) and 1 yearling (No. 4) were infected per os in
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September and another calf (No. 5) in December with various numbers of rumen
fluke metacercariae. Metacercariae for one infection (No. 1) came from naturally
infected snails (Heliscoma trivelvis) held in aquaria with the accumulated
metacercariae being scraped off the aquaria walls. Metacercariae for moose
infections No.'s 3, 4 and 5 came from Pickerel Lake where the metacercariae were
scraped from the underside of water 1lily (Nuphar variegatum) leaves. Moose No. 2
was not infected until February 26th when it was given non-gravid flukes removed
from the rumen of a freshly killed, wild, yearling moose. The worms were placed
into the rumen by means of a rumenotomy. One holstein heifer was given
metacercariae from naturally infected Helisoma trivolvis held in aquaria with the

accumulated metacercariae being scraped off the aquaria walls.

Blood for hematological study was collected from the jugular vein of 2
infected moose and from another moose used as a control prior to its infection.
Blood was also taken post-infection from the holstein heifer. Feces were
collected regularly from all 5 moose and examined for paramphistome eggs using

the sedimentation technique.
Examination of wild gastropods

Gastropods were examined from 32 lakes that were either known to be used
by moose for aguatic feeding or were considered likely to be used for aguatic
feeding. BEmphasis was placed on the lakes in Sibley Provincial Park because
of their frequent use by moose (Fraser and Hristienko 1983). Gastropods were
collected by hand on wading through the shallow water from early June to mid-
August. A small number of snails was collected from Pickerel Lake by skin diving
in deeper water. Snails were placed in the dark for at least 8 hours before
being examined for paramphistome infections following the method of Swart and

Reinecke (1962). Most snails were tested in a growth chamber at 20°C. Snails
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were placed in 250 ml jars in deionized water under 35 watt, cool, white,
fluorescent tubes (40 cm above the jars) for 4 hours. Viewing the jars with a
lighted background, the darkly pigmented cercariae or metacercariae could be
seen easily with the naked eye. A few snails were tested at the collection site
by placing them in direct sunlight in a cool location for 4 hours and examining
as described above. Infected snhails were kept as a source of metacercariae for

other experiments.

Naturally infected snails that died in the laboratory were dissected and
the different life stages of the paramphistomes drawn and measured using a Wild
compound microscope and drawing tube. Paramphistome cercariae from naturally
infected snails were killed in one of two ways before being measured. Cercariae
from H. trivolvis were killed by the addition, dropwise, of 1N HCl until they
ceased moving, and cercariae from H. campanulatum were killed by gentle heating
on a microscope slide. Encysted paramphistome metacercariae for measuring were
collected on a glass slide taped to the inside of an aquarium containing naturally
infected snails or pried from the underside of water lily leaves from Pickerel

Lake and placed on a glass slide.

Floating vegetation was examined for metacercariae in 12 lakes in July and

August as an indicator of the presence of infected snails.

Ten floating styrofoam discs (7 cm diameter) covered with green cellophane
were anchored in position in Pickerel Lake on June 9th and replaced with new discs
at 2 week intervals throughout the summer until September 8th. Metacercariae
encysted on the discs were counted using a dissecting microscope at 20 X magnifi-

cation,

An experiment was conducted to determine whether cercariae encysted selec-

tively on floating versus submerged vegetation. Sparganium angustifolium, which
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grows vertically to the water surface with the upper portion floating on the water
surface, was collected from Pickerel Lake. Each blade of the grasslike Sparganium
angustifolium was divided into the submerged vertical portion and floating portion.
The number of metacercariae was counted on both the submerged and floating

portions. The lengths of each floating and each submerged portion were measured.

Experimental infection of snails

Paramphistome eggs from feces of an experimentally infected moose were
collected using the sedimentation technique and incubated in finger bowls with
distilled water at room temperature under a light regime of 12 hours light and
12 hours dark. When hatching of the eggs was first observed, the bowls were
placed in the dark to prevent further hatching until snails were ready to infect.
Helisoma trivolvis (1-5 mm diameter), hatched from eggs in the laboratory, were
suspended in gauze cloth in the finger bowls for 1 to 5 hours. Snails were
dissected at irregular intervals (usually about 1 per week) after being exposed
to miracidia using a Bausch and Lomb dissecting microscope at 3 X. The viscera
of the snails was pressed under a cover slip and examined for sporocysts using

a compound microscope at 200 X.

Young H. campanulatum (2 weeks old and 1-2 mm in diameter), raised from eggs,
were exposed to miracidia for 30 minutes. The snails were then removed with
light forceps, placed in an aquarium and examined at 10 days and 41 days post-
infection. Young H. campanulatum (9 weeks old and 5-6 mm in diameter), raised
from eggs, were exposed to miracidia from eggs collected from a wild moose.

These snails were examined 134 days post-infection.

A separate sample of H. campanulatum was kept in an aquarium for a 2 year
periocd during which time paramphistome eggs were added to the aquarium from time

to time. The aquarium walls were examined periodically for metacercariae.
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Effect of temperature on hatching of paramphistome eggs

Feces were collected from an experimentally infected moose and eggs separated
using the sedimentation technique. Eggs were divided into 9 finger bowls (15 cm
diameter), each bowl containing several hundred eggs. Three finger bowls were
kept at each of three temperatures (11°C, 19°C and 27°C) under a light regime of
12 hours of light and 12 hours dark. The finger bowls were checked regularly with
a Bausch and Lomb stereo microscope at 20 X magnification and kept filled to a
depth of 4 an with distilled water. A sample of 20 to 30 eggs were examined in
each bowl for development and the proportion of hatched eggs in the sample was
recorded. Examination was completed quickly and the bowls returned to their
respective locations to minimize temperature changes. One of the 3 finger bowls

held at 11°C was transferred to 19°C on the 57th day of the experiment.

On August 18, 1981, a large sample of paramphistome eggs from an experimen-
tally infected moose was placed in the dark at 11°C until May 19, 1982, and there-
after at room temperature (18°C) on a natural light regime. Eggs were examined

periodically for development and hatching.
The effect of desiccation on the viability of paramphistome eggs

A fecal sample was collected from an experimentally infected moose and divided
into 4, 20 g portions. Eggs were immediately separated from one portion using the
sedimentation technique and kept in distilled water in a finger bowl. The eggs
from this portion were placed in the lakoratory at ambient room temperature (22°C)
and a light regime of approximately 14 hours of light, 10 hours of darkness. The
3 experimental portions of fecal material were allowed to desiccate in open Petri
dishes in a growth chamber at 19°C under 12 hours light, 12 hours dark and were
removed after 8, 13 and 22 days. Eggs were collected by sedimentation and held in

distilled water at room conditions. A Bausch and Lomb stereo microscope at 20 X
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was used to check the development of miracidiae within the eggs and the proportion

of eggs hatched.

The effect of freezing on paramphistome egg viability

Paramphistome eggs were removed from the feces of an experimentally infected
moose using the sedimentation technique. The eggs, in distilled water, were
divided into 6 equal samples. The contrcl was placed in a finger bowl and kept
in the laboratory at approximately 22°C. Five experimental samples were put in
plastic bottles and frozen at -4 to -5°C. Samples were removed after 24 hours, 2,
4, 5 and 8 days, thawed at room temperature, and placed in finger bowls at control
conditions. All samples were checked regularly for hatching and miracidia

development.

All statistical analyses were made according to Zar (1974) and statistical

significance was considered at P< 0.05.
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RESULTS
Prevalence and intensity of paramphistomes in wild moose

The rumens of a total of 160 moose were examined from 1576 to 1981; 137 (86%)
contained rumen flukes (Appendix 1). Ages were determined for 140 moose. Of this
sample, none of 8 newbcrns ( <2.5 months) was infected (Table 1). Seventy-two
percent of calves (defined herein as animals 0.5 - 1.4 years) and 86% of yearlings
(1.5 - 2.4 years) and all moose older than 2.4 years were infected. There was no
significant difference in the prevalence of infection between calves and yearlings

(X%

= 2.27, 0.10<P<0.25) but moose older than 2.4 years had a higher prevalence
of infection than yearlings (X? = 8.60, 0.001<P<0.005). The prevalence of
infection in males and females was not significantly different C&Z = 0.11, 0.50<P<

0.75).

Estimates of rumen fluke numbers were made on 60 wild moose rumens older
than 0.4 years. There was a mean of 3,435 flukes in the 56 infected mocse with
a very large standard deviation of 5,650. The number of flukes was not normally
distributed about the mean but was extremely overdispersed as shown in Fig. 2.
A large proportion of the moose had low fluke numbers while 2 individuals had over
20,000 flukes each. The strong departure from a normal distribution made the use
of parametric statistics invalid and consequently non-parametric statistics were

used in analyses.

The median number of flukes was 1,135 (16 - 28,262, n = 56) (range followed
by sample size). The use of a Kruskal-Wallis test indicated that there were
differences in rumen fluke numbers (Table 2) among the various ages of moose
(H=21,41, df = 4, P 0.001). Calves had significantly less flukes than year-
lings (U = 173, P< 0.001) and less than moose older than 1.5 years (2 = 3.51, P<

0.001) (Table 2). Older moose (4.5+) had significantly fewer flukes (U = 44, P =
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TABLE 1. Prevalence of rumen flukes (Paramphistomum sp.) in wild moose of
northwestern Ontario

Age of moose (yrs.)l

2.5 mths. 0.5-1.4 yrs. 1.5-2.4 yrs. 2.5 yrs. Total no.

Males 0%(3)2 84%(19) 81%(21) 100%( 25) 68
Females 0%(3) 56%(16) 93%(15) 100%( 34) 68
Males and3

females

combined 0%(8) 72%(36) 86%(37) 100%(59) 140
1

The birth date of all moose is assumed to be June lst.
Animals 2.5 mths. are referred to as newborns, age 0.5-1.4 yrs. as calves
and age 1.5-2.4 yrs. as yearlings.

Percent of the moose infected followed by the number of moose examined.

3 The sex was not recorded for 4 moose which are included in this category.
In addition, several moose not aged are omitted from this table.
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Fig. 2.

Number of rumen flukes from wild moose rumens

showing dispersed distribution.
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TABLE 2. Estimates of intensity of rumen flukes (Paramphistomum sp.) in wild
moose of northwestern Ontario

Median no. Range in

Age of No. No. of no. of
moose examined infected rumen flukes rumen flukes
0.5-1.4 15 14 202 16-2,297 —

U = 167 P<0.001
1.5-2.4 17 15 2,127 166-13,553 ~——

—-U = 95 ns
2.5-3.4 9 8 2,881 262-14,987 —

—-U = 26 ns
3.5-4.4 5 5 4,102 480-21,227 ——

~U = 44 P = 0.002
4.5 9 9 812 73-28,262 ——
1 Five moose that were not aged are omitted from this table.
2

A Kruskal-Wallis test indicated a significant difference in fluke numbers
among the different ages (H = 21.4, P<0.00l). Mann-Whitney U tests were
subsequently used on pairs of data and ages 0.5-1.4 and 1.5-2.4 were found
to have significantly different numbers of flukes.
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0.001) than moose aged 3.5 - 4.4 years (Takle 2).

There was no significant difference between male calves with a median of 88
(n = 9) flukes and females with a median of 315 (n = 5) (U = 38, P>0.20). Nor
was there a significant difference between male moose aged 1.5 years and older
with a median of 628 (n = 20) flukes and females with 470 (n = 20) (U = 155, P>

0.20).

Differences in intensity of infection between sampling years were not
significant. Calves had a median of 37 (n = 5) flukes in 1980 and 402 (n = 9) in
1981. There was no difference in the intensity of infection between years (U =
35, 0.20<P<0.10). Moose older than 1.5 years had a median of 2,133 (n = 26) in
1980 and 814 (n = 16) in 1981. There was. no difference in intensity of infection

between years (Z = 1.61, 0.20< P<0.10).

Within the study area there were 7 localities corresponding to the different
O.M.N.R. districts or management areas. No significant differences (H = 1.9,
0.90<P<0.75) were found in the number of flukes among the 5 localities which
contributed to counts for moose aged 0.5 to 1.4 years. There were also no
significant differences in rnumbers of flukes among the 7 localities for moocse aged

21.5 years (H = 1.8, 0.95<P<0.90).

The effect of time of year on fluke numbers was examined by dividing the
year into 3 seasons from January lst to April 30th, May lst to September 30th,
and October lst to December 3lst. Calves had median counts of 1,981 (n = 2),

88 (n = 11) and 37 (n = 1) in these 3 seasons respectively. There were no
significant differences among the 3 seasons (H = 5.2, 0.10<P<0.05). Moose
2 1.5 years had median counts of 745 (n = 4), 1,196 (n = 28), and 2,133 (n = 10).

There were no significant differences among the counts from the 3 seasons for

moose aged 2 1.5 (H = 2.57, 0.50<P<0.25).
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Migration of paramphistomes in wild moose

None of 8 newborns examined between June lst and August lst had flukes in
the rumen. Nor were migrating flukes seen in the duodenum, abomasun or omasum of
the 3 newbcrns in which these organs were available for examination. Four of 8
calves collected in October had flukes in the rumen. Two of 4 specimens from the
rumen of one of these calves were gravid and were a mean of 4.6 mm long and 1.2 mm
wide: non-gravid specimens were 3.9 x 1.2 mm. The duodenum, abomasum and omasum
were examined only in the 4 infected calves; 2 small migrating paramphistomes

were found in the omasum of one.

In older moose, no migrating flukes were found in the duodenum, abomasum or
omasum during summer (Table 3). A 9.5-year-old, female moose (No. 24, Appendix 1)
collected October 18th had 20 small, thin, pink flukes in its omasum. A 3,5-year-
old, male moose (No. 13) that was shot October 18th had 2 migrating flukes in its
onmasum. Small, thin flukes (< 3.5 mm in length) resembling those found in the
omasum were found in the rumen of some moose. These small individuals are presumed
to have been acquired the previous summer and to have migrated recently from the
duodenum. They were first seen in the rumen of 19 of 28 moose collected in October
and were found in two calves as late in the year as April (Table 3). The small,

thin flukes were absent from all moose examined May through September.

Small, thin flukes were present in 3 of 5 moose aged 0.5 to 1.4 years, 3 of
8 moose aged 1.5 to 2.4 years, 6 of 9 moose aged 2.5 to 3.4 years, and 10 of 19
moose clder than 3.5 years. Different age moose did not have significantly

different proportions of small, thin flukes (X? = 1.55, 0.50<P<0.75).
Seasonal maturation of rumen flukes

Paramphistame eggs were absent in feces of wild moose in November and



21

TABLE 3. Numbers of wild moose with recently acquiredl rumen flukes
(Paramphistomum sp.) at different times of the year

Locations in gastro-intestinal tract

Month Duodenum Abomasum Omasum Rumen
January — —— — 1(5)
February 0(1)? 0(1) 0(1) 3(5)
March —— _— -— 0(5)
April 0(1) 0(1) 0(1) 2(4)
May 0(s) 0(8) 0(8) 0(18)
June 0(15) 0(20) 0(20) 0(26)
July 0(8) 0(9) 0(9) 0(11)
August 0(2) 0(1) 0(1) 0(4)
September —_—— —— o 0(4)
October 1(8) 0(10) 3(9) 17(24)
November 0(2) 0(2) 0(2) 1(3)
December — _— —_— 1(1)

1 Recently acquired flukes were short ( <3.5 mm) and thin.

2 Number of a particular organ examined in parenthesis.
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remained at or near 0 through December, January and February (Fig. 3). Egg counts
rose in March and continued to increase exponentially, reaching a mean of over 100

eggs/g in July. By September and October, egg counts had dropped to low levels.

From 1976 to 1981, samples of flukes were obtained from moose rumens through-
out the year and the proportion gravid determined. A mean of 69 specimens (range
10-178) were examined from each of 106 moose. The proportion gravid rose from
8% in March to 47% in April (Fig. 4). Almost 100% were gravid from May to July.
Thereafter, the proportion of gravid flukes declined reaching 0.5% gravid in

November .

Examining the sharp increase in the proportion gravid from March to May more
closely (Fig. 5) it can be seen that of a group of 4 moose killed March 29, 1979
(killed as a group in a train collision), 3 had no gravid worms while 1 animal
had 14% gravid. A cow and her calf killed April 4, 1979 had no gravid flukes.
Ninety-nine percent of flukes obtained April 25, 1978 from an adult moose were
gravid. Flukes from a calf moose killed April 21, 1980 were 87% gravid. Nearly
all flukes from moose killed during May were gravid except for a yearling killed

May 13, 1980 when only 51% were gravid.

Size of rumen flukes collected from wild moose

All flukes in moose 0.5 to 1.4 years will have been picked up during the
animals' first summer of life whereas older moose may harbour flukes acquired
over several summers. Examination of the size of the flukes from these 2 age
groups might be expected to show that older moose have flukes of 2 or more sizes.
For the purpose of analysis the year was divided into 4 seasons; November lst to
February 28th, March lst to May 3lst, June lst to August 31lst, and September lst
to October 3lst. The few gravid flukes collected November to February were not

significantly different in length from the non-gravid flukes (Takle 4). Gravid
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Fig. 3. Mean number (+ 1 S.E.) of paramphistome eggs in
feces of wild adult moose showing seasonal

variation. Numerals represent sample size.
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Fig. 4.

Mean proportion of gravid rumen flukes (+ 1 S.E.)
taken from wild moose showing seasonal variation.

Numerals represent sample size.
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Fig. 5.

Proportion of gravid rumen flukes taken from
wild moose during the spring showing the spring

maturation.
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and non-gravid flukes from older moose examined March to May were also similar in
length. The few non-gravid flukes found in older moose from June to August were

significantly longer than gravid flukes (Table 4).

Flukes from calves sampled from November to February had a mean length of
4.47 + 1.29 mm (n = 36) (* 1 standard deviation) and were not significantly longer
(t = 0.17, 0.5<P) than flukes from adult moose (4.43 * 1.05 mm, n = 209). Gravid
flukes from calves (0.5 to 1.4 years) killed June to August were significantly
shorter (5.49 * 1.0 mm, n = 106) than those from older moose (5.86 * 1.3 mm, n =
264) killed at the same time (t = 2.82, 0.002<P<0.005). Most flukes obtained
from November to February were non-gravid (96% from adults and 92% from calves)
and flukes obtained from June to August were mostly gravid (96% from adults and
100% from young moose). Any differences between the length of worms in calves and
older moose in these 2 periods are the least influenced by differences in size
associated with the state of sexual maturation. The distributions of fluke lengths
from calves and older moose in November to February were very similar (Fig. 6) with
only one mode evident. The length distributions of gravid flukes collected from
June to August also form a single mode for flukes from calves and from older moose

(Fig. 7).

The mean length of 17 rumen flukes from an experimentally infected moose
(No. 4) November 27, 1983 was 7.1 * 1.1 mm which is significantly larger (t = 9.85,

P<0.001) than flukes from wild adult moose at this time of the year.

Experimental infection of captive moose

Four (4) moose approximately 4, 4, 6.5, and 16 months old were infected with
3,000 to 11,750 paramphistome metacercariae (Table 5). The viability of the
metacercariae administered was not determined. The 4 moose infected in the fall

or early winter (No's 1, 3, 4 and 5) all had rumen fluke eggs in their feces the
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Fig. 6.

Distribution of lengths of Paramphistomum sp.

taken from the rumens of young and older moose
obtained from November to February. I__l young
moose (0.5 to 1.4 years, n = 36) and .older

moose (2 1.5 years, n = 209).
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Fig. 7.

Distribution of lengths of Paramphistomum sp.
taken from the rumens of young and older moose
obtained from June to August. r—l young moose

(0.5 to 1.4 years, n = 106) and . older moose

(2 1.5 years, n = 643).
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moose.

infected H. campanulatum.

Approximately 300 rumen flukes (Paramphistomum

TABLE 5. Details of experimentally produced paramphistome infections in
captive moose
Age of No. of

Moose Date of Date of moose at metacercariae Animal

no. capture infection infection given terminated
1 23.07.80 29.09.80 4 months 11,750° 08.05.82
2 22.07.80 26.02.81 8 months 300l 12.06.82
3 14.05.81 11.09.81 4 months 3,0003 02.04.84
4 13.06.80 16.09.81 16 months 8,0003 27.11.83
5 19.07.81 12.12.81 6.5 months 9,000

1

sp.) taken live from a rumen
of a wild moose and transplanted by rumenotomy to the rumen of experimental

Metacercariae collected from vegetation on Pickerel Lake which contained

Metacercariae from naturally infected Helisoma trivolvis collected from Slab
Lake and maintained in agquaria.
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following spring. The prepatent periods varied from 169 days to 225 days (Fig. 8)
and averaged 194 days. Although the moose infected December 12th came patent
later in the spring than the others, it had the shortest prepatent period of 169
days. Moose No. 2, infected with non-gravid rumen flukes via rumenotomy 1in
February, started to pass paramphistome eggs in April. Although highly unlikely,
the possibility that 3 of the moose were infected prior to capture in July cannot
be excluded. If this did occur in any of these 3 moose (No's 1, 2 and 5) the
prepatent data would be affected but not the data pertaining to the longevity of

the worm and also the seasonal fluctuation from gravid to non-gravid states.

Changes in the numbers of eggs passed in feces of all 5 experimentally
infected moose (Fig.'s 9 and 10) followed the same seasonal pattern as seen in
wild moose (Fig. 3). Egg levels rose in the summer and dropped to 0 over winter
in 4 moose and to nearly O in the remaining moose. This pattern was repeated over
3 years for 2 moose, over 2 years for 2 others, and over 1 year for 1 moose.

During this time there were no opportunities for reinfection.

Egg levels were compared for the months of May and June in year 1 and year 2
of the experimental infections. Four comparisons were possible involving 4
different moose. Egg counts were variable with the average number of eggs being
slightly lower in year 2 than year 1. A paired t-test indicated no significant

difference between years (t = 0.36, 0.50< P).

Moose No. 1 was terminated May 8, 1982. A population estimate of approxi-
mately 600 flukes was obtained. The proportion of gravid flukes was not determined
for this moose. Moose No. 2 died June 12, 1982 of causes unrelated to the fluke
infection. Approximately 12 flukes were obtained from this moose. The proportion
gravid was not obtained. Experimental moose No. 4 was killed on November 27, 1983

by which time the fecal egg count had declined to 0. Seventeen (17) flukes were
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Fig. 8.

Prepatent period of paramphistome infections
in moose experimentally infected with

metacercariae.
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Fig. 9.

Number of Paramphistomum sp. eggs in feces of
experimentally infected moose showing seasonal

variation.
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Fig. 10.

Numbers of rumen fluke eggs in feces of 3
experimentally infected moose showing
variation and longevity of the parasite.

Samples taken at monthly or longer intervals.
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collected from this animal which probably represents the majority of flukes
present. All 17 flukes were non-gravid. Experimental moose No.'s 3 and 5 were
maintained through the winter. Neither moose passed eggs in January. Moose No.

3 had a fecal egg count of 3.3 eggs/g on March 20, 1984 and a count of 10.0 eggs/g
on March 29, 1984. A total count of 161 flukes was obtained when this moose was

terminated on April 2, 1984 and 91% of a subsample of 110 flukes were gravid.

As of May, 1985, moose No. 5 had been maintained for 3.5 years post-infectiocn
(Fig. 10). Eggs were produced through the summers of 1982 and 1983. 1In May of
1984 eggs were again present in the feces of this animal, however, there were no
eggs in June through to February, 1985. Low numbers of eggs were again present

in March, April, and May of 1985 (Fig. 10).
Examination of other ruminants and an attempted experimental infection of a heifer

During the study, the rumens of 5 white-tailed deer (Odococileus virginianus)
were examined for flukes and summer feces from 2 deer were alsc examined for rumen
fluke eggs. Deer were collected off range occupied by infected moose. No
evidence of rumen flukes was found in any of the deer samples. Eleven (11l) adult
cattle (Bos taurus) and 4 adult goats (Capra hircus) pastured in the Thunder Bay

area were examined at a local abattoir; no rumen flukes were found.

A holstein heifer (4 months old, 100 kg) was given 11,750 metacercariae per
os on September 29, 1980. Metacercafiae were collected from naturally infected
H. trivolvis obtained from Slab Lake and maintained in agquaria. No clinical
signs of infection were observed and no flukes were found at necropsy 30 days
later. Blood samples were taken on September 30th and October 3rd and 30th.
Eosinophils increased from 3% September 30th to 12% Cctober 3rd, and 11% on
October 30th (Table 6). Total protein was 7.2 g/100 ml on all 3 dates while

albumin levels were 2.7 g/100 ml September 30th and 2.9 g/100 ml both October
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TABLE 6. Blood parameters of a moose and a holstein heifer each infected
with 11,750 paramphistome metacercariae on September 29th

Total protein (g/100 ml) Albumin (g/100 ml) % Fosinophil
saIEZEZd Moose No. 1 Holstein Moose No. 1 Holstein Moose No. 1 Holstein
September 30 6.4 7.2 3.9 2.7 0 3
Cctober 3 6.0 7.2 3.6 2.9 2 12
Cctober 10 —-— 7.2 —— 2.9 - 11
November 5 6.3 - 3.9 - 2 -
November 19 6.6 —— 3.7 - 1 -
November 27 5.5 —— 3.2 —_— 1 ——
December 11 6.0 —_— _— J— 1 _—

December 19 6.1 — 4.6 —_— 0 -
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3rd and 30th (Table 6).
Responses of moose to infection with paramphistome metacercariae

None of the 4 experimentally infected moose showed clinical signs of infec-
tion. Moose No. 1 infected with 11,750 metacercariae September 29th had albumin
and total blood protein measured on 8 occasions between September 3rd and December
19th. Albumin levels ranged from 3.2 to 4.6 g/100 ml (Table 6) and total proteins
ranged from 5.5 to 6.6 g/100 ml. Eosinophils measured as a percent of the number
of white blood cells ranged from 0 to 2% (Table 6). Eosinophil counts were done
on 2 other infected moose (No.'s 3 and 4) and 1 control moose (No. 5) (Table 7).
Eosinophil counts, done as direct counts only, were obtained on 8 occasions on
experimental moose No. 3 and ranged from 9 to 237 per mm3 and the 1 count on

experimental moose No. 4 was 131 per mm3. The control moose (No. 5) was unusual

in having eosincphil counts ranging from 25 to 1,128 per mm3.

Paramphistomes attached to the wall of the rumen by drawing the base of a
rumen papilla into the acetabulum. The distal two-thirds of the rumen papilla
was lost leaving the basal stub to which worms were attached. The worms occurred
in patches on the rumen wall and these areas were distinguished by the damaged
papillae (Fig. 11). Most worms, however, would detach themselves (Fig. 12) from
the rumen wall soon after the death of the moose. Attached rumen flukes or the
characteristic papillae damage was only found in the rumenus atrium portion of
the rumen (Fig. 13). Wwhen infections were heavy in wild moose the portion of the

rumenus atrium denuded of papillae was greatest.

No other lesions of the rumenus atrium were noted in any of the 95 wild moose
examined in 1980 and 1981 or in the experimental moose. No lesions attributable
to immature paramphistomes were found in the duodenum of 10 moose killed in July

and August or in 33 moose killed at other periods of the year.



TABLE 7. Numbers of eosinophils in 2 moose experimentally infected with
paramphistome metacercariae

Infected experimental moose Not infected

Date No. 3 No. 4 No. 5
September 18, 1981 150 mm—3 ——= 300
September 25, 1981 237 -— 37
October 2, 1981 12 - 25
October 16, 1981 9 — 312
October 23, 1981 220 - 920
October 30, 1981 72 —-— 1,128
November 11, 1981 140 S —
November 27, 1981 140 131 106

Moose No. 3 infected with 3,000 metacercariae on September 11, 1981, moose
No. 4 infected with 9,000 metacercariae on September 16, 1981.
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Fig. 11.

Damage to papillae of moose rumen by

Paramphistomum sp.
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Fig. 12.

Most Paramphistomum sp. become detached from
the rumen wall soon after the death of the

moose.
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Fig. 13.

Location of rumen flukes shown in left lateral
view of a wild moose rumen. RF = rumen flukes,
ret = reticulum, ar = atrium rumenus, e =

esophagus, eg = esophageal groove, ds = dorsal
sac, dbs = dorsal blind sac, vs = ventral sac,

vbs = ventral blind sac.
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Prevalence cf paramphistames in wild gastropods

A total of 7,910 aquatic snails representing 15 species from 6 families were
collected from 32 locations (Table 8) and tested for paramphistomes. Helisoma
trivelvis and Helisoma campanulatum of the family Planorbidae were the only
species found to be infected with paramphistome metacercariae (Table 8). The
prevalence of paramphistome infections in H. trivolvis was 0.94% (n = 3,954) and
in H. campanulatum 1.12% (n = 1,689). These rates of infection were not signifi-

cantly different (XZ = 0.43, 0.50<P<0.75).

Helisoma trivolvis and H. campanulatum were both widely distributed in the
study area (Table 8) with H. trivelvis occurring in 50% and H. campanulatum in
22% of the 32 lakes studied. Fifty-nine percent of the lakes contained either
H. trivolvis or H. campanulatum. Infected H. trivolvis were found only at Slab
Lake (Table 9) and infected H. campanulatum were found only at Pickerel Lake.
Generally, samples of these 2 species were not large enough from the other lakes
to exclude their being infected at rates statistically different from H. trivolvis
in Slab Lake or H. campanulatum in Pickerel Lake. Helisoma trivolvis from Lake
24A and Joe Boy Lake were exceptions. A total of 505 H. trivolvis from Lake 24A
were negative, which is significantly different (X2 = 6.94, 0.01<P<0.025) from
the infection rate observed in Slab Lake. Similarly, all 285 H. trivolvis from
Joe Boy Lake tested negative which is significantly different from the infection
rate observed in Slab Lake (X? = 3.91, 0.01<P<0.05)., Insufficient numbers of
H. campanulatum were collected to be able to state that there was a significant
difference (X Z. 1.82, 0.10<P<0.25) in infection rate between H. campanulatum

collected in Pickerel Lake and the combined total collected in the other lakes.

Paramphistome metacercariae were found encysted on floating vegetation in

Pickerel Lake, Rita Lake, Grassy Lake and Bear Trap Lake. All 4 lakes contained
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TABLE 8. Snail species in 32 lakes of northwestern Ontario and the prevalence
of natural paramphistome infections
No. No. % No. of lakes
examined infected infected with snail present

Planorbidae

Helisoma trivolvis 3,954 37 0.94 16

Helisoma anceps 341 0 0.00 12

Helisoma campanulatum 1,685 19 1.12 7

Helisoma corpulentum 21 0 0.00 1

Planorbula armigera 139 0 0.00 1

Gyraulus deflectus 2 0 0.00 2

Gyraulus parvus 55 0 0.00 3

Promenetus exacuous 10 0 0.00 3
Lymnaeidae

Lymnaea stagnalis 731 0 0.00 18

Bulimnea megasoma 129 0 0.00 4
Physidae

Physa gyrina 459 0 0.00 20

Physa jennessi 289 0 0.00 7
Hydrobiidae

Amnicola limosa 53 0 0.00 4
Valvatidae

Valvata sincera 4 0 0.00 1
Succineidae

Succinea ovalis 34 0 0.00 3
Total 7,910 56
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TABLE 9. Prevalence of paramphistome infections in Helisoma trivolvis and
H. campanulatum from lakes in northwestern Ontario, 1980 and 1981
H. trivolvis H. campanulatum All other snail spp.
No. No. No. No. No. No.
Lake examined infected examined infected examined infected

Slab Lake 2,727 37 e —_ 318 0
(9)%

Pickerel Lake* 195 0 1,543 19 414 0
(3)

Joe Boy Lake 285 o - 390 0
(3)

Pounsford Lake = =  ————- S — _— 2 0
(2)

Rita Lake* 28 0 33 0 3 0
(1)

Lake 24A 505 0 5 0 90 0
(4)

Lake 7B —e—— e - 262 0
(3)

Kay Lake 1 0O - 1 0
(1)

Gardiner Lake 4 0O - - 11 0
(4)

Ravine Lake = = ———0n - ———— - 32 0
(2)

Surprise Lake = = ————v - - 57 0
(3)

Sibley Creek 105 0 - 158 0
(4)

Lizard Lake 20 0  ——— - 35 0
(2)

Grassy Lake* 22 0 34 0 62 0
(4)

Lake 15D e e ——— - 80 0
(1)

Lake 15A 7 L - 43 0
(3)

Sawbill Lake = ———— S —— - 3 0
(1)

Marie Louise Lake 39 o ——— - 10 0
(3)

Addison Lake =0 ————- - —_—— - 43 0
(5)

Beaver Pond #1 8 L - 24 0
(2)

Beaver Pond #2 6 I - - -

(0)




TABLE 9. (Cont'd)
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H. trivolvis

H. campanulatum

All other snail spp.

No. No. No. No. No. No.
examined infected examined infected examined infected

Blend Lake = @————o —_— mm——— - 54 0
(3)

Moose Pond Lake 1 0  ———— - 14 0
(2)

Bear Trap Lake* = = ———e-- - 17 0 15 0
(2)

Elbow Lake ———— . - 22 0
(2)

Henderson Lake @~ = — ————- —_ —_—— —_ 21 0
(1)

Savanne Lake = = 0o———ao —_— m———— — 49 0
(2)

Dexter Lake = & ———— —_ 25 0 8 0
(1)

Location 'A' @0 ———— _ 32 0 9 0
(1)

East Dog River = ————— -— - 21 0
(1)

Matawin River 1 o ——— —_ _ -
(0)

Pasture Stream @ = = ————- _— - —_ 16 0
(2)

TOTAL 3,954 37 1,689 19 2,267 0

1

Number of different species examined.

*
Indicates lakes in which paramphistome

metacercariae found on vegetation.
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H. campanulatum and 3 of them contained H. trivolvis. Only 12 of the 32 lakes
were examined for metacercariae. No metacercariae were found in Joe Boy Lake,
Addison Lake, Lake 24A or Lake 15A. Floating discs were placed in good H.
campanulatum habitat in Pickerel Lake and checked (Table 10) at regular intervals
for metacercariae in order to determine seasonal development patterns. The first
metacercariae appeared on the discs between June 24 and July 8, 1983. The first
snail found to be producing cercariae was collected from Pickerel Lake on June 27,
1981. No metacercariae were found on the floating discs between August 6th and
l6th. Between August 1l6th and September 8th metacercariae were found on the
discs. Water temperatures were very high in August of 1983 and H. campanulatum
were difficult to find at this time. In 1981, infected H. campanulatum that were

shedding cercariae were collected from Pickerel Lake as late as August 25th.

The leaves of Sparganium angustifolium grow vertically to the water's surface
and then float horizontally. This characteristic allowed a check of the distri-
bution of metacercariae on the submerged portion of the leaf versus the floating
portion. The underside of the floating portions of Sparganium angustifolium
collected from Pickerel Lake on August 25, 1981 had a mean of 0.60 * 0.722 (s.d.)
metacercariae per cm2 of leaf area as measured on 21 stems equalling 338 cm2 in
area. Submerged vertical portions of Sparganium angustifolium had a mean of 0.02
* 0.034 metacercariae per cm2 of leaf area as measured on 21 stems equalling 806
cm2 in area. The number of metacercariae per cm2 between the floating and sub-
merged portions of the plant was significantly different (t = 3.49, 0.001< P<

0.002).

From examination of water lily leaves and floating discs it was apparent
that metacercariae were not uniformly spaced across the bottom of these floating

objects but were concentrated on the periphery.
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TABLE 10. Seasonal occurrence of paramphistome metacercariae in Pickerel Lake

in 1983
No. of Presence of
metacercariae metacercariae Surface
Time on floating on floating water
period discs vegetation temperature
June 9 —— Absent 15°C
June 9 to June 24 0.0 (n = 10) Absent 26°C
June 24 to July 8 3.9 4.6 (n = 10)2 Present 24.5°C
July 8 to July 22 4.6 + 4.1 (n = 10) Present 25.5°C
July 22 to August 6 0.3 £0.<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>