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ABSTRACT

Twenty-one species of helminths were recovered from wild and captive caribou
(Rangifer tarandus). Woodland caribou of the Slate Islands, barren-ground caribou
of the Beverly herd and captive woodland caribou were parasitized by 7, 7 and 16
species of gastro-intestinal helminths respectively. The predominant nematode
recovered from all wild caribou was Ostertagia gruhneri. The lung worm,
Dictyocaulus viviparus, was recovered from both wild and captive woodland caribou.
The large number of species recovered from captive caribou suggested that cross
transmission of parasites between captive caribou and a variety of other ungulates
was common.

Ostertagia gruhneri appears to be a polymorphic species with O. arctica
representing its minor form. The minor form never comprises more than 10% of the
total number of male Ostertagia, has stout, heeled spicules and Sjoberg’s organ.
The wide spread occurrence of polymorphism among the Ostertagiinae suggests that
a re-evaluation of the characters used to define genera and species is required.

The average number of adult abomasal nematodes (3247) recovered from caribou
of the Slate Islands was higher than reported for other wild cervids in North
America. The number of abomasal nematodes present in animals was related to herd
density. Adult worms were more numerous during the spring and fall (x=4370) than
in the winter (x=1280). Inhibited fourth-stage O. gruhneri were found in wild
caribou from the Slate Islands and comprised up to 85% of the total worm burden
during the winter. No apparent disease caused by any helminth was observed in
wild caribou. Captive caribou subjected to various forms of stress developed heavy
infections of abomasal nematodes (>20000) which appear to have been partially
responsible for the death of two animals.

Seasonal fluctuations in the number of nematode eggs passed in the feces of
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wild and captive caribou were evident. Fecal egg counts from Slate, Pic and Otter
Islands and captive adult caribou were similar during the spring and summer. Peak
egg counts were observed in wild and captive animals during the fall. The low
number of Ostertagia sp. eggs passed in the feces of caribou during the winter
months is due to the presence of fewer, less fecund worms.

The free-living stages of Nematodirella spp. were more resistant to freezing
and dessication than those of Ostertagia spp.. Eggs of Nematodirella frozen for 11
months or more hatched, while those of Ostertagia would not hatch after freczing
for 1 day. Infective larvae of Nematodirella longissimespiculata also appeared to
withstand freezing and dessication better than those of Ostertagia spp.

Caribou appear to develop a well marked immunity to nematodes of the genera
Nematodirella, Nematodirus and Dictyocaulus. Calves are usually the only animals
infected. Immunity to O. gruhneri was also evident, Worms recovered from caribou
calves of the Slate Islands were longer and more fecund than those recovered from
adults at the same location. The relationship between host age, herd density and
worm morphology suggested that woodland caribou of Pic Island are not as heavily
parasitized as caribou from the Slate Isl#nds. Stresses of the rut, injury or
relocation appear to compromise acquired immunity to gastro-intestinal nematodes.

Anthelmintic treatment of captive caribou with Ivomec eliminated patent
infections of Ostertagia spp., Trichuris sp., Capillaria sp. and Oesophagostomum
venulosum. Ivomec was not effective against Nematodirus sp.. Treatment appeared
to be effective against inhibited larvae of abomasal nematodes. Ivomec may be
useful as a prophylactic measure when transferring wild caribou.

Wild moose (Aices alces) from northwestern Ontario were parasitized by two
species of gastro-intestinal helminths. Ninety-six percent of moose examined were

infected with Nematodirella alcidis. The average number of worms recovered from
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wild moose was 111, considerably lower than recorded in caribou. The majority of
worms recovered in most infections were immature. This appears to be the first
report of inhibited fourth-stage N. alcidis. Abomasal nematodes were not recovered

from wild moose of northwestern Ontario.
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INTRODUCTION

The importance of parasitic disease as a mortality factor in caribou and
reindeer (Rangifer tarandus) is not well understood (Miller 1982). Instances of
neurological disease caused by the nematode, Elaphostrongylus cervi in
Newfoundland (Lankester and Northcott 1979) and bronchopneumonia caused by
infections of Dictyocaulus viviparus in association with Pasteurella multocida in
Norway (Kummeneje 1977) are known. Bacterial and viral agents are also
known to cause disease in caribou and reindeer (Dieterich 1980; Kummeneje
1980; Thing and Clausen 1980). Despite numerous studies of the gastro-
intestinal helminths of caribou and reindeer, their effects and potential to
cause disease are not well known (Kummeneje 1980; Dieterich 1980; Miller
1982).

Abomasal nematodes are known pathogens of domestic animals in
temperate regions (Gibbs 1982). Naturally occurring disease caused by
Haemonchus contortus (Prestwood and Kellogg 1971) and Ostertagia ostertagi
(Conti and Howerth 1987) have been reported in white-tailed deer of the
United States. Rehbinder and von Szokolay (1978) investigated the possible
role of abomasal nematodes as a cause of winter mortality of Swedish reindeer
calves. No evidence that these worms were responsible for mortality was
observed. Prior to this study, caribou calves held in captivity occasionally
demonstrated diarrhoea during the late fall (Lankester unpublished). Such
signs have been associated with heavy infections of abomasal nematodes (Dunn
1978).

Caribou calves are known to suffer high mortality during their first few
months (Miller 1982). Mortality may be caused by severe weather, poor

nutrition of calf or cow and predation. Periodic outbreaks of high caribou calf



mortality have been noted in areas where caribou exist in large numbers and
have had an impact on their environment (Thing and Clausen 1980, Clausen et
al. 1980). Young animals are generally thought to be more susceptible to
disease than older animals (Gibbs 1973). However, the role of gastro-intestinal
helminths as a factor affecting the survival of caribou calves is unknown.

High wungulate densities are known to favour the transmission and
acquisition of large numbers of abomasal nematodes (Eve and Kellogg 1977).
At present, woodland caribou (R. t. caribou) persist as scattered herds along
the north shore of Lake Superior. These herds may occasionally attain high
densities when confined to islands in the absence of predators. The Slate
Islands herd presently exists at the highest caribou density known in North
America (Bergerud 1985). Historically, the Slate Islands herd has undergone
large fluctuations in population size (Anon. 1986). Winter severity and the
availability of food undoubtedly limit population increase. The importance of
parasitic disease in causing winter mortality that periodically reduces the herd
to low numbers is unknown. One might predict that caribou existing at high
densities such as those found on the Slate Islands, would tend to carry heavier
worm burdens than low density herds and thus be more susceptible to
outbreaks of disease.

Recently, the Ontario Ministry of Natural resources made an effort to
rehabilitate caribou in areas where they once thrived. The presence of a high
density herd of caribou on the Slate Islands provides a readily available source
of stock for such projects. Because of the lack of knowledge concerning the
potential hazards posed by the introduction of parasites with their hosts,

studies on anthelmintics were conducted to determine their efficacy against

parasites of caribou.



The presence of a high density herd of wild caribou on the Slate Islands
and the availability of a captive herd provided the opportunity to determine
the possible role of gastro-intestinal helminths in causing disease. The aim of
the present study was to examine the life history dynamics and potential
pathogenicity of parasites in insular herds of woodland caribou of Northwestern
Ontario. Initial efforts were concerned with the identification of species
parasitizing caribou, with special emphasis on possible differences between
calves and adults. Seasonal studies on the biology of the gastro-intestinal
helminths parasitizing caribou were conducted on wild and captive animals.

Samples from barren-ground caribou of the Beverly herd, Northwest
Territories, and from woodland caribou herds in northwestern Ontario and
Newfoundland were also examined. Similar studies were conducted on wild and

captive moose of Northwestern Ontario.



MATERIALS AND METHODS

Caribou sampled

Both woodland caribou (Rangifer tarandus caribou) and barren-ground
caribou (R. t. groenlandicus) were examined for gastro-intestinal helminths.
Samples from woodland caribou in northwestern Ontario were from animals on
the Slate Islands in Lake Superior (84°40° N, 87°00° W), on Pic Island and
Coldwell Peninsula (48°43° N, 86°37° W), in Pukaskwa National Park including
those on Otter Island (48°07° N, 86°04’ W), and a small group of animals near
Schreiber (48°48 N, 87°15’ W) (Fig. 1). Additional samples were collected
from woodland caribou near Red Lake (51°00° N, 93°50° W) and Armstrong
(50°18’ N, 89°02’ W).

The Slate Islands consist of five main islands and several smaller islands
totaling 36 km2, 13 km off the north shore of Lake Superior near Terrace Bay.
During the course of the study, the Slate Islands herd fluctuated between 400
and 600 animals (Bergerud 1985; Anon. 1986). These animals frequently swim
between islands but rarely to and from the mainland. The Pic Island herd
consists of approximately 50 animals located on a 10.4 km? island, 1-2 km off
the north shore of Lake Superior, near Coldwell Peninsula. These animals are
known to frequent Coldwell Peninsula (Ferguson 1982). Samples collected
from the few animals present on Coldwell Peninsula were combined with the
Pic Island samples. A third herd was studied in Pukaskwa National Park.
Approximately 25 caribou are present within the 1878 km? park (Bergerud
1985); seven of these are on Otter Island (L. Krysyl, personal communication).
The island is 2 km? and located 0.5 km off the north shore of Lake Superior.

Up to 25 animals that winter at Armstrong are from the Nipigon herd which



Fig. 1. Map of study areas showing location of caribou herds in Northwestern
Ontario (star, enlargement), Newfoundland and the Northwest Territories.
(1) Beverly herd, Northwest Territories; (2) Red Lake, Ontario; (3)
Armstrong, Ontario; (4) Topsails, Newfoundland; (5) Schreiber; (6) Slate
Islands; (7) Pic Island and Coldwell Peninsula; (8) Otter Island and

Pukaskwa National Park.
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numbers approximately 80-100 animals (Bergerud 1985). Samples were also
collected from woodland caribou of the Topsails Herd in central Newfoundland
(49°05’ N, 56°40° W).

Samples from barren-ground caribou of the Beverly herd were collected
110-150 km northeast of Fort Smith, Northwest Territories (60°00° N, 111°51°
W) where the animals winter (Fig. 1). The Beverly herd numbers 94,000 and
occupies central Northwest Territories (Miller 1982). In addition, five fecal
samples were collected during June, 1986, at the Kettle River, Manitoba (56°55’
N, 89°23° W), from a migratory caribou herd occupying the area around James
Bay in Manitoba and Ontario.

In addition to the collections from wild animals, a captive herd of
woodland caribou originating from the Slate Islands, Ontario and from the
Middle Ridge area of central Newfoundland, was maintained at the Kakabeka
Falls Game Farm, Kakabeka Falls, Ontario. Captive animals were allowed to
roam free on 36 ha of fenced land consisting of open grassy areas mixed with
stands of coniferous and deciduous trees. During fall and winter the captive
animals were fed alfalfa hay and grain to supplement natural grazing. Other
animals sharing range with captive caribou included moose (Alces alces), white-
tailed deer (Odocoileus virginianus), sika deer (Cervus nippon), fallow deer
(Dama dama), Namas (Lama glama), cattle (Bos taurus) and horses (Equs

caballus).

Collection and identification of helminths

Material examined from free-ranging caribou consisted of feces, intestinal
tracts and lungs. Fecal collections were made monthly from March to October,

1985 on the Slate Islands and whenever possible from the other woodland



caribou herds. Only feces judged to have been deposited during the previous
two days were collected. The criteria used to estimate the age of fecal
material included color, moistness and absence of beetles and leaf litter on the
pellet group. Whenever possible, samples were obtained from animals that were
handled live or observed defecating. Samples were placed in plastic bags and
kept cool until transported to the laboratory. Complete carcasses or portions
thereof were examined from the Slate Islands whenever available.

Fecal material was collected from known-age animals of the Beverly herd
during December 1984, March and December 1985 and March and December
1986. Small portions of abomasal contents as well as sections of duodenum
were collected from 10 animals during March 1985. The total number of
abomasal nematodes present in small, weighed subsamples of abomasal contents
was estimated using the mean weight of abomasal contents of captive caribou
that died during the course of the study.

Fecal samples were collected weekly from captive caribou and occasionally
from the other ungulate species present. In 1985 and 1986, caribou calves
born in captivity were examined weekly starting approximately three weeks
after birth. Samples from two captive moose were collected on a weekly basis
from July 1984 to September 1985. Whenever possible, carcasses of animals
from the Kakabeka Falls Game Farm were examined for adult helminths.

All fecal material was stored at 3°C until examined. Differential fecal
egg counts were made using a sugar centrifugation flotation technique (Samuel
and Trainer 1969). Slides were examined systematically in their entirety for
helminth ova at 30-40 X using a compound microscope. Sequential slides from
each flotation were examined until the last one added no more than 15% to the

total number of eggs. If no eggs were detected on the first slide, a second



was examined in order to ensure that the sample was mnegative.
Trichostrongyloid eggs were counted and the intensity of infection expressed
as the number per gram of dried feces (EPG) while the presence of other
helminth ova was noted for calculations of prevalence. Weighed samples of
feces were oven dried at 50°C in order to correct egg counts for excess fecal
moisture caused by seasonal variation in the diet and the presence of snow in
winter samples. Differences in parasite prevalence and number of eggs in
feces were analyzed in relation to host age using a X? statistic and F test
respectively (Steel and Torrie 1980).

Eggs were identified to species or genus based on their size and
morphology following descriptions provided by Dewhirst and Hansen (1961),
Samuel and Beaudoin (1965), Samuel and Gray (1974) and Christie and Jackson
(1982). Eggs within adult females recovered at necropsy were also used as an
aid to identification of ova in feces. Fifty eggs of each type were drawn and
measured with the aid of a drawing tube and stage micrometer.

Contents of the abomasum, duodenum and cecum were examined for the
presence of adult and immature gastro-intestinal helminths. Contents, and
scrapings of the mucosa were washed with running water on a 0.8 mm screen
and examined in gridded Petri dishes using a stereo microscope at 6-25 X. All
adult nematodes were counted. The total number of inhibited larvae (L)
present in the abomasum was estimated by determining the ratio of L, to
adults, present in small, unscreened subsamples of abomasal contents. Early
attempts to recover immature stages by digesting portions of the abomasal wall
produced few larvae. Advanced decomposition of the abomasal mucosa may
have released larvae into the abomasal contents. The mucosa of the abomasum

and duodenum were examined for adult and immature helminths by squashing



between two glass plates. When fragmented worms were encountered, only
portions of adults with an intact bursa or ovejector were counted. Sex ratios
were determined by counting the number of males and females present in the
first 100 worms recovered.

Nematodes were fixed in 10% glycerin in 70% alcohol or in 10% formalin
and cleared in lactophenol for identification based on spicule and bursal
characteristics of the males. Identification of adult helminths follows the keys
of Skrjabin et al. (1954), Becklund and Walker (1967a,b), Gibbons and Khalil
(1982), Durette-Desset (1983), Knight (1983) and Lichtenfels and Pillet
(1983a,b). Original descriptions were used to supplement published keys when
needed. Nematodes were drawn and measured with the aid of a drawing tube
and stage micrometer.

When possible, the total length of 30 male and 30 female abomasal
nematodes was measured from each animal necropsied. The length of spicules
was measured in dorsal view. The number of shelled eggs in utero (a measure
of fecundity) and the presence or absence of a vulval flap was noted for each
female. Worm length, spicule length and fecundity were analyzed in relation
to host age using an F test (Steel and Torrie 1980). The fecundity of female
worms was also analyzed by season. A probability level of <0.05 was
considered significant for all statistical tests. Mean values reported in text
are followed by standard error or range.

Moose carcasses or viscera supplied by hunters were examined during the
fall and road kills provided material at other times of the year. A 10%
subsample of the abomasal contents and portion of the wall and contents of

the duodenum as well as feces were examined for trichostrongyloid nematodes

and their ova.



Samples of the abomasal wall were preserved in 10% formalin for
histological examination of lesions and histotrophic forms. Tissue was
embedded in paraffin, sectioned at 6 to 10 yum and stained in Lillie’s A & B

(Lillie 1954).

Studies of free-living stages.

Larvae of abomasal nematodes were cultured to the third stage (Lg) in
moistened feces held at room temperature (19-25°C) and recovered using the
Baermann technique. Attempts to culture eggs of Nematodirella spp. and
Nematodirus spp. using this method were unsuccessful. Thereafter, Nematodirid
eggs were recovered by flotation and rinsed off coverslips into gridded 25 mm
Petri dishes with distilled water to a depth of 2 mm. Development of
Nematodirella longissimespiculata was monitored at various temperatures from
3°C to 35°C and the date of first and last hatching was noted.

To determine their resistance to freezing, eggs of Ostertagia spp. and
Nematodirella longissimespiculata were held at -18°C in fecal material for
various lengths of time. After thawing, eggs were isolated by flotation,
incubated in distilled water at 25°C and the number of larvae hatching was
noted.

Lots of 10, third-stage larvae of Ostertagia spp. and N.
longissimespiculata from caribou, and N. alcidis from moose were tested for
their ability to survive freezing, dessication or both. Larvae were dessicated
by suspending them in a small drop of distilled water which was allowed to
evaporate at room temperature. Larvae were frozen at -18°C in distilled water
or after dessicating for one day. Larvae of Osteragia and Nematodirella were

dessicated, frozen, or both for 1, 3, 5, 10, 20, and 30 days then thawed and/or

10



rehydrated with distilled water, to determine what proportion survived. The
number of Lg’s motile after 24 h at room temperature was recorded.

An experiment was conducted to determine if chilling prior to freezing
affected the survival of infective larvae of Ostertagia spp.. Lots of 10 larvae
were chilled for 1 day at 3°C prior to freezing for 1, 3, 6, 10 and 20 days.
Larvae frozen without prior chilling served as controls.

During the winter of 1986, field temperatures were recorded in air, snow
(5¢cm depth) and at the snow-soil interface at the time of collections from

captive animals.

Anthelmintic studies

The efficacy of Ivomec (ivermectin, Merck) against gastro-intestinal
helminths of caribou was studied. Animals were given a subcutaneous injection
at 0.2 mg/kg estimated body weight. Animals were treated in February (n=1),
April (n=7), July (n=1), September (n=4), October (n=1) and November (n=1).
Feces from animals treated in September were collected daily for three days
following treatment to determine how quickly egg numbers declined.
Treatments were considered successful if eggs were absent in the feces when

animals were examined one week later.

11



RESULTS
Helminth species recovered from wild and captive caribou

A total of 21 species of helminths was recovered from wild and captive
caribou. These included nine species in woodland caribou of the Slate Islands,
seven from barren-ground caribou of the Beverly herd (Table 1) and 17 in
captive caribou (Table 2). Examination of carcasses of other ungulate species
sharing range with captive caribou revealed the presence of three species not
recovered in caribou (Table 2).

Additional data on the distribution of helminths in woodland caribou of
northwestern Ontario and Newfoundland were obtained from fecal flotations.
Trichostrongylid ova (probably Ostertagia spp.) were present in the feces of
caribou from all herds examined (Pic Island, Pukaskwa, Schreiber, Red Lake,
Nipigon and Topsails). Ova of Nematodirella longissimespiculata were recovered
in the feces from Pukaskwa, Nipigon and Topsails animals. The presence of
Nematodirus odocoilei in the Topsails herd was indicated by typical ova in the
feces. Capillaria sp. and Monezia sp. were present in most herds. Ova of
Trichuris sp. were detected in the feces of animals from the Pukaskwa and

Topsails herds.

Identification of gastro-intestinal helminths

Redescription of Nematodirus tarandi

Nematodirus tarandi Hadwen, 1922 was first described from reindeer (R.
t. tarandus) in Alaska. Shortly thereafter, Mitskewitch (1929) described
Nematodirus skrjabini from reindeer in the Soviet Union. Dikmans (1936)
recognised the similarity of these species and suggested that N. skrjabini was a

synonym of N. tarandi. Skrjabin et al. (1954) did not agree with this

12



Table 1. Helminths recovered from wild woodland caribou of the Slate Islands,

Ontario, and barren-ground caribou of the Beverly herd, Northwest Territories.

Herd
Species Slate Beverly Accession No.?

Ostertagia gruhneri AP A 79039 (S)¢
Ostertagia arctica A A 79258 (S)
Teladorsagia circumcincta 0d A 79471 (B)
Nematodirella longissimespiculata ALE ALE 78611 (S)
Nematodirus tarandi 0 , 79038 (B)
Monezia sp. E

Capillaria sp. E 0

Trichuris sp. E 0

Skrjabinema sp. A A

Dictyocaulus viviparus A 0 79358 (S)
Setaria yehi A 79588 (S)

a2 Accession numbers of voucher specimens deposited in the United States

National Museum, Helminth collection.

b Identifications based on adult worms recovered at necropsy (A) or by
typical eggs in feces (E).

¢ Indicates whether specimens are from the Slate Islands (S) or Beverly (B)
herd.

a

0 indicates that the species was not found at necropsy or in feces.



Table 2. Gastro-intestinal helminths recovered from captive woodland caribou
(Car), moose (Mo), white-tailed deer (WTD), fallow deer (FD), sika deer (SD),
Hamas (LL) and cattle (C) at the Kakabeka Falls Game Farm.

Host

Parasite Car Mo WID FD SD LL C Acc. no.?
(LI ) ()N (0)] 2 () (1

Trichostrongylid E¢€ E E E 0d E E
ova

Ostertagia A 0 0 0 79039
gruhneri

Osteragia A 0 0 0 79258
arctica

Ostertagia A A 0 A 79267
ostertagi

Ostertagia A A 0 0 79596
leptospicularis

Ostertagia A 0 0 0 79271
kolchida

Spiculopteragia A 0 0 0 79467
assymmetrica

Spiculopteragia A 0 0 0 79468
spiculoptera

Nematodirella AE O 0 0 0 0 0 78611
longissimespiculata

Nematodirus AE E 0 0 0 0 0 78609
odocoilei

Nematodirus AE O 0 0 0 0 0 79472
helvetianus

Cooperia 0 0 0 A 79270
punctata

Cooperia 0 0 0 A 79269
oncophora

Trichostrongylus A A 0 A 79268
axei

Trichostrongylus A 0 0 0 79469
vitrinus

Haemonchus 0 A 0 0 79470
contortus

Oesophagostomum AE E E E AE E 0 79359
venulosum

Capillaria sp. AE E E 0 0 0 0 -

Trichuris ovis AE E 0 0 0 0 0 79360

Dictyocaulus A A - - 0 - - 79358
viviparus

Monezia sp. E E 0 0 0 0 0

a Voucher specimens deposited in United States National Museum, Helminth
collection.

b Number in brackets indicates the number of animals necropsied.

Species diagnosed by adults at necropsy (A) or typical eggs in feces (E)

d 0 indicates that species was not found at necropsy,or indicated by typical ova
in fecal samples; - indicates that appropriate organ was not examined or
species can not be distinguished by eggs.

[¢]



synonymy and argued that tarandi was a representative of the genus
Nematodirella. In an effort to determine the proper generic status of N.
tarandi, the type specimens (United States National Museum (USNM), Helminth
Collection, No. 24611, 1 male, 1 female), paratypes (USNM Helm. Coll. No.
24960, 3 males, 3 females) and topotypes (USNM Helm. Coll. No. 26169.03, 6
males, 6 females) were examined. Hadwen’s specimens were compared with
those collected in this study from caribou of the Beverly Herd, Northwest
Territories and with the original description of N. skrjabini (Mitskewitch 1929).

All specimens examined in the present study (Hadwen’s and Beverly)
possessed similar synlophe, spicules and ova. The body length of type
specimens and paratypes was shorter than recorded from worms recovered from
the Beverly herd. Spicule tips of N. skrjabini drawn by Mitskewich (1929)
were identical to those of N. tarandi.

Nematodirus tarandi is redescribed and drawings are provided. The
range of measurements reported is based on the original material collected
by Hadwen (1922b) and from specimens collected during this study from

barren-ground caribou in the Northwest Territories.

Male: Length 11.4 to 2045 mm (Table 3). Synlophe consisting of 42
longitudinal cuticular ridges in the region of the excretory pore and
cervical papillae (Fig. 2c¢); 38-52 near mid-body. Dorsal cuticular ridges
absent at the level of the proximal end of the spicules. Head vesicle
present, 120-160 pm long with transverse striations. Corona radiata with
42-52 teeth (Fig 2a). Dorsal esophageal tooth present in anterior end of
esophagus; visible in lateral view of cleared specimens. Esophagus 680 to

750 pm long. Excretory pore at the level of the posterior end of esophagus.

15
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Fig. 2. Scanning electron micrographs of en face view (a,b) and synlophe (c,d)
in region of excretory pore (ep) and cervical papillae (cp) of Nematodirus
recovered from caribou. (a,c) Nematodirus tarandi. (bd) Nematodirus

odocoilei. Scale bars = 5 ym (a,b) and 10 um (c,d).
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Bursa with a large number of bosses; rays typical of the genus (Fig. 6d).
Dorsal ray paired, bifurcated in distal one sixth of its length. Spicules
1.32 to 1.60 mm long, joined in distal 60% by a clear membrane. Distal end
of spicule tips fused, terminating in a distinct, foot-like process flexed

ventrally at heel in distal 53-65 um (Fig. 6c).

Female: Length 16.5 to 28.7 mm (Table 3). Synlophe as in male, absent
posterior to the vulva. Vulva in posterior half of body, 52 to 62% of body
length from anterior end. Both arms of reproductive tract functional. Eggs
85 to 105 ym wide by 185 to 228 ym long, typically passed in the eight cell

stage. Tail of female ends in a terminal spine.

Keys to Trichostrongyloidea in North American caribou and moose

Male abomasal nematodes were identified using characteristics of the
bursa, spicules and synlophe (longitudinal cuticular ridges). The three
genera of Ostertagiinae can readily be distinguished by the arrangement of
the bursal rays (Durette-Desset 1982) and the shape of the dorsal ray (Fig.
3). Bursal types referred to in this key follow the terminology of Durette-
Desset (1982) and refer to groupings of the terminal por;ions of rays 2-6.
Species of Ostertagia, Teladorsagia, and Spiculopteragia were best separated by
the morphology of the spicule tips and the accessory bursal membrane.
Trichostrongylus spp. lack cuticular ridges, are generally small and have a well
developed gubernaculum. Males of the Nematodirinae possess spicules longer

than 0.5 mm, have a distinct cephalic vesicle and a bursa with paired,

bifurcate dorsal rays. Species of Nematodirinae were distinguished by the size



and shape of the spicules and the presence or absence of bosses on the bursa.

Key to species of male Trichostrongyloidea par;sitizing caribou and moose of

North America (Adapted in part from Lichtenfels and Pilitt 1983 a,b and

Durette-Desset 1983).

la  Spicules > 0.5 mm long. Dorsal ray paired and bifurcated at its tip (Figs.
6,7). Cephalic vesicle prominent. Parasites of the small intestine.
«++ss0s. Nematodirinae .. 2
1b Spicules < 0.5 mm long. Dorsal ray not paired (Fig. 3). Cephalic vesicle
inconspicuous. Parasites of the abomasum and intestine. ......eeveeeee 3

2a Spicules > 5 mm long. Few bursal bosses (Fig. 6b). ...... IERERTR TR

.. Nematodirella spp... 3

2b Spicules < 2 mm long,. Bursal bosses numerous (Fig. 6d, 7b,d).

. Nematodirus spp... 4
3a Parasites of caribou. From 44-52 cuticular ridges at the base of the
€SOPRhABUS. vivivveveesrsnnssasicsnesesas N longissimespiculata (Fig. 6a,b)
3b Parasites of moose. From 28-34 cuticular ridges at the base of the
€sophagus. ...evneenens cetsessncsssesessesnancaasonnsuan .. N. alcidis
4a Spicules 1.3 to 1.6 mm long, terminating in a foot-like process. From

38-42 cuticular ridges at the base of the eSOPhagUS. v, v eeernencoecsaces

T eeeeseessesesatensrsatacessreesesssssssses N tarandi (Fig. 6¢c,d 2,c)
4b Spicules end in simple point (Fig. 7a). Twenty-six cuticular ridges at
the base of the esophagus. .......civviiieninnenens, e« N. helvetianus
4c Spicules with small lateral processes near distal end (Fig. 7c). From 38-

46 cuticular ridges near base of esophagus. seeeeesn ceasaes Gt enen
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Fig. 3. Dorso-lateral view of right half of bursa of Ostertagiinae in caribou.

(a) Ostertagia gruhneri; (b) Ostertagia kolchida, (c¢) Teladorsagia
circumcincta,; (d) Spiculoteragia .spiculoptera. System of ©bursal ray

numbering follows that of Durette-Desset (1983). Rays 0, 1 and 7 are not

visible in drawings.
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Fig. 4. Dorsal (on left) and externo-lateral (on right) views of distal end of

right spicule of Ostertagiinae in caribou. (a) Ostertagia gruhneri;, (b)

Teladorsagia circumcincta, (c) Ostertagia leptospicularis; (d) Ostertagia

ostertagi; (e) Ostertagia kolchida; (f) Ostertagia arctica.
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Fig. 5. Dorsal view of accessory bursal membrane (a-d,g) and Sjobergs organ

(e,f) of Ostertagiinae recovered in caribou. (a) Ostertagia gruhneri; (b)
Teladorsagia circumcincta; (c) Ostertagia leptospicularis, (d) Ostertagia
ostertagi; (e) Ostertagia  arctica; (f) Ostertagia  kolchida; (g)

Spiculopteragia spiculopterta.
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Fig. 6. Spicule tips (dorsal view on left and left—lateral view on right) and
dorso-lateral view of left half of bursa of Nematodirinae parasitizing wild

caribou. (a,b) Nematodirella longissimespiculata; (c,d) Nematodirus tarandi.
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Fig. 7. Dorsal view of spicule tip and dorso-lateral view of left half of bursa
of Nematodirinae in captive caribou. (a,b) Nematodirus helvetianus; (c,d)

Nematodirus odocoilei.
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5a

5b

6a

6b

7a

7b

8a

8b

9a

9b

9¢

10a

10b

1la

eseeeass N. odocoilei (Fig. 7c,d) (Fig. 2,d)
Cuticular ridges absent. vevesseeesveaesseesss Irichostrongylus spp. .. 6
Cuticular ridges present.ccseecacscseess tassseeess Ostertagiinae .. 7
Spicules unequal in length. Parasites of the abomasum. «eceev.o.. T. axei
Spicules similar in length. Parasites of the duodenum..........T. vitrinus
Bursa type 2-1-2 (Fig. 38,b). s veeeeveseecresasasssses Ostertagia spp.-+ 8
Bursa type 2-2-1 (Fig. 3¢c,d). e veceenvnncnns T cereeceaas 11
Spicules thin (Fig. 4a,c,d). Accessory bursal membrane delicate with
divergent rays (Fig. 5a-d). Dorsal ray < 35% of bursal length (measured
from papillae 1 to end of bursa) .,........... e eeeiiieee Ceeeeaas 9
Spicules thick, main trunk with pointed heel (Fig. 4e,(f). Accessory
bursal ‘membrane with prominent thickening between rays (Sjobergs
organ) (Fig.-Se,f). Dorsal ray > 45% of bursal length. ....coeieeen. .. 10
Both dorsal and ventral processes of spicule end in a barb, tip of spicule
blunt (Fig. 4d). cveveeeeevatensnesesssssasssssnansenssses O.o0stertagi
Dorsal process of spicule longer than ventral process, tip of spicule with
sharp point (Fig. 4a). cceevee.n.. Ceeesrenaans cestaeens eeeees O. gruhneri
Dorsal process of spicule equal in length to ventral process. Tip of
spicule with large, round cap (Fig.4C).cceveerennnoonnss 0. Ieptospicﬁlaris
Sjobergs organ wider than long (Fig. 5¢). Found in association with

O. GrUANETI. 4 vusiieronsessrssnsssssassessasnssasssasasss O.arctica
Sjobergs organ longer than wide (Fig. 5f). Found in association with

O. leptospicularis. «...e.veeeeeeennanns Ceeeaan ceveesecass. O.kolchida
Spicules terminate in simple points (Fig. 4b). Accessory bursal membrane

with divergent rays (Fig. 5b). Ray 4 as long as ray 5 (Fig. 3¢)....... Ve

... Teladorsagia circumcincta

25



11b  Spicules with complex tips and fan-like membranes. Accessory bursal
membrane with rays parallel along most of their length (Fig. 5g); ray 4
shorter than ray 5 (Fig. 3d). ceveeeseeesnesess..Spiculopteragia spp... 12

12a  Spicules similar, 170-200um long. ........ ceesecssasesss S. Spiculoptera

12b  Spicules dissimilar, 200-245 ym long. Right spicule with lateral knob

ID distal QUATTET. | .. iiiieereeecsanesasssessennnnsases S, asymmetrica

Female abomasal mnematodes could be distinguished by the shape,
orientation and position of the wvulva, and the presence or absence of
cuticular ridges. Females of the Ostertagiinae have a transverse vulva and
prominent cuticular ridges. Female Trichostrongylus lack cuticula_r ridges and
have a longitudinal vulva. Female Nematodirinae were distinguished by the
size of the eggs in the uterus, position of the vulva and the number and
arrangement of the cuticular ridges. Length of ovejector is measured from the

proximal margin of each sphincter.

Key to species of female Trichostrongyloidea parasitizing caribou and moose of

North America (Adapted in part from Lichtenfels and Pilitt 1983 a,b).

la Cuticular ridges absent. Longitudinal vulva. «....... Trichostrongylus spp.
1b Cuticular ridges present. Cephalic vesicle indistinct. cveeseeceasesccons .

a0 s s s s s 00000

Ic Cuticular ridges present. Eggs > 145 pm long. Cephalic vesicle

prominent. """"‘"“""'“""""""‘"“‘NematodirinaC"3

ooooo ...............-...........-Ostcrtﬂ.giinae "2

26



2a Ovejector 280-350 ym long. Cervical papillae large (>14 I,Lm) (Fig. 8a,b).

eeo.. Ostertagia spp.

® 6 0 0 6 00 08 0 s 08P L NP PL ST S0 00 0 SOt se 00Nt b0

2b Ovejector 600-700 ym long. Cervical papillae large (>15 um) (Fig. 8c,d). ...

. Teladorsagia circumcincta

2c Ovejector 220-315 um long. Cervical papillae small (<8 um) (Fig. 8e,f). ....

eevtesseesasse Spiculopteragia spp.

3a Eggs < 230 ym. Vulva in posterior half of body. Both uteri with eggs. ...
Nematodirus spp. ..4
3b Eggs > 230 ym long. Vulva in anterior half of body. Anterior half of

reproductive system atrophied........ sevesaneses Nematodirella spp. ..5
4a From 38-46 cuticular ridges at base of esophagus (Fig 2d). Ridges

continuous to within 100 um of anus. Eggs 145-170 um long (Fig. 9d). ....

. «»os N. 0odocoilei

L R I A I A L A A I O A I B A B N I B A I B B SRR S AL B R S B RN B BN BN ]

4b From 38-42 cuticular ridges at base of esophagus (Fig. 2c). Cuticular

ridges absent in posterior quarter. Eggs 190-230 um long (Fig. 9€).ceccvnn.

ceee.s N. tarandi

® 00 5 050 000 % 000069 e L0 ssteeltsts ettt et o0

4c Twenty-six cuticular ridges at base of esophagus. .......... N. helvetianus
5a More than 40 cuticular ridges in region of excretory pore...... cenecranns

C e etsetanneceessesetetnsenssnassasassensesssss N. longissimespiculata

5b Less than 35 cuticular ridges in region of €XCIetOry POTE. .v.eeeoensonacs

N. alcidis

Eggs were distinguished based on shape, length and the presence or absence
of polar plugs or a pyriform apparatus (Fig. 9, Table 4). Two types of

trichostrongyloid eggs were recovered, those from the abomasal nematodes

27
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Fig. 8. Ventral (a,c,e) and right lateral (b,d,f) view of cervical papillae (cp)
and excretory pore (exp) of Ostertagiinae recovered in caribou. (a,b)

Ostertagia gruhneri; (c,d) Teladorsagia circumcincta; (e,f) Spiculopteragia

spiculoptera.






(Ostertagiinae and Trichostrongylus) which are small (80-100 pum long) and

passed in the morula stage, and those of the Nematodirinae which are large (>

140 ym long) and typically passed in the 8 cell staéc (Table 4, Fig. 9).

Key to ova of gastro-intestinal helminths of caribou and moose of North

America.
la Eggs with polar plugs. ...... Ceeereesrecanns et eetetrteencenannae . 2
1b Eggs without polar PlugSic et ieeeteeeasoseonssasosssssssacsssssessd
2a Eggs barrel shaped, 45-55 pym x 25-30 pm. Plugs recessed or level with
terminal ends (Fig. 92). «...... Ceetistateeanes N .. Capz’llaria'sp.
2b Eggs oval, 65-70 x 30-35 ym. Polar plugs protruding (Fig. 1] +) FP N
Cereieenae Gttt e e ieteeiieteet et eaaeta e aaaan Trichuris sp.
3a Eggs square,containing a pyriform apparatus (Fig. 9¢). ....... Monezia sp.
3b Eggs without pyriform apparatusS. eeeessccscessessccccsssssanocasessd
4a Eggs > 140pum long...cccvvn. .. evesecasssssessssss Nematodirinae ..5
4b Eggs < 120pm long. «.oveieiinnnnniannanncnnns 4
Sa Mean length of eggs > 240 ym (Fig. 9d)...svveveeveesses Nematodirella sp.
5b Eggs < 230 pm in length. cevviveenennnnns cessssnsenas Nematodirus «.6
6a Eggs 140-180 x 68-82 um (Fig. 9€)evevnveceenceeveceeensess N odocoilei
6b Eggs 180-228 x 85-108 ym (Fig. 9f).evvecnnnn.n « N. tarandi or N. helvetianus
7a Eggs 72-103 x 39-53 ym. Cells light brown (Fig. 98). vveunn. Ostertagia spp.
7b Eggs 90-110 x 45-69 um. Cells dark brown (Fig. 9h)...cvviiiieirnnnennns

cesaeese.Oesophagostomum sp.
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Fig. 9. Photomicrographs of gastro-intestinal helminth ova recovered by
flotation (Scale bars= 50 pm). (a) Capillaria sp.; (b) Trichuris ovis; (c)
Monezia sp.; (d) Nematodirus odocoilei; (e) Nematodirella
longissimespiculata; (f) Nematodirus tarandi, (g) Ostertagia spp.;

(h) Oesophagostomum venulosum.






Table 4. Mean dimensions (um) of gastro-intestinal helminth eggs

recovered by fecal flotation from wild and captive caribou at different

locations.
Species Source? lengthP width
Nematodirella Slate 263 (240-301) 123 (108-149)
longissimespiculata NWT 258 (238-283) 114 (105-121)
Topsails 251 (230-272) 113 (100-120)
Nematodirella Moose 248 (215-268) 113 (105-120)
alcidis
Nematodirus NWT 207 (186-228) 100 (92-108)
tarandi
Nematodirus Captive 159 (148-180) 75 (68-82)
odocoilet Topsails 159 (140-179) 77 (70-80)
Nematodirus Captive 200 (180-220) 95 (85-100)
helvetianus
Ostertagia sp. Slate 92 (78-103) 47 (43-52)
Trichostrongylid® Captive 83 (72-90) 45 (39-53)
Capillaria sp. Slate 52 (45-58) 27 (24-30)
Captive 50 (43-55) 26 (23-30)
Topsails 52 (48-57) 25 (23-29)
Trichuris sp. Captive 71 (67-74) 34 (30-36)
Top Sails 72 (70-75) 34 (32-35)
Monezia sp. Slate 71 (59-98) 66 (56-85)
NWT 64 (59-75) 60 (51-70)
Captive 64 (50-75) 61 (43-73)
Moose 63 (57-70) 57 (48-64)
Oe. venulosum Captive 100 (90-110) 56 (45-69)

a All measurements are from caribou wunless otherwise stated. Source
includes Slate Islands, the Beverly herd, Northwest Territories (NWT)
Topsails herd, Newfoundland and captive animals at the Kakabeka
Falls Game Farm.

b Measurements reported for length and width are the mean of 50 eggs
followed by range in parentheses.

¢ May include Ostertagia spp., Trichostrongylus spp. and Spiculopteragia

Spp.



Infective larvae (L) were distinguished by their length, the shape of the
L; tail, and the length of the tail sheath (extension of the L, cuticle beyond
the tip of the Ly tail). Larvae of the Nematodirinae were distinguished from
those of the Ostertagiinae by the presence of an exceptionally long tail sheath
in the former. The two genera of Nematodirinae were distinguished by the
mean length of the Lz Nematodirella are longer than 900 yum, and Nematodirus
are shorter than 850 um (Table 5). Although the shape of the tail is similar
(Fig. 10b,c), Nematodirella alcidis Lg are longer and have a longer tail sheath
than those of N. longissimespiculata (Table 5). Larvae of N. tarandi and N.
odocoilei and have similar Lg tails, both being cleft deeply compared with that
of the other species (Fig. 10a,e). Nematodirus helvetianus Lg are distinguished
by the shape of the L tail (Fig. 10f) but are similar in body length to N.
tarandi. The position of the anus and the length of the L, sheath are also
diagnostic of N. helvetianus. Ostertagia gruhneri larvae possess a short tail
sheath (27-45 um) with a distinctive kink, typical of the genus (Fig. 10d) and
range in total length from 923 to 1118 pm, (Table 5). Infective larvae of
Ostertagia gruhneri were significantly longer than those of Ostertagia spp.

cultured from the feces of captive caribou.

Recovery of adult helminths and seasonal changes in the number of eggs

passed in feces

Woodland caribou on the Slate Islands
Seasonal changes in the number of abomasal nematodes present in Slate
Islands caribou were observed. Complete abomasa and small intestines from six

caribou were available for parasitological examination as well as representative
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Fig.

10. Caudal end (left lateral view) of infective larvae of
Trichostrongyloidea parasitizing caribou and moose. (a) Nematodirus
tarandi; (b) Nematodirella longissimespiculata; (c) Nematodirella alcidis; (d)
Ostertagia gruhnerf/arctica; (e) Nematodirus odocoilei; (f) Nematodirus

helvetianus.






collections of nematodes from five animals that died between 1977 and 1980.
Animals examined had from 960 to 7440 (3247+935) adult Ostertagia spp. (Table
6). Adult Ostertagia were most numerous during the fall and declined over
winter. Ostertagia gruhneri was recovered in all animals and comprised 97-
100% of the total number of mature worms. Ostertagia arctica was detected in
7/11 animals and never comprised more than 3% (4-73 worms) of the total
number of male worms counted. Sex ratios of Ostertagia spp. ranged from 26-
49% (37+3.6) males.

Inhibited fourth-stage larvae of Ostertagia spp. were recovered from the
abomasa of five animals examined (Table 6). Numbers ranged from 590 to 9270
(4715+2358) and comprised from 9-85% of the total abomasal nematode
population (adults and L,). The highest and lowest number of inhibited
larvae were recovered in the winter and spring respectively (Table 6). The
mean length of inhibited larvae was 1.35 mm (1.14-1.63).

Fecal examination revealed that the intensity of infection (EPG) and
prevalence of helminth ova also varied with season. A total of 353 fecal
samples were examined from 1984 to 1986 (Appendix 1). Eggs of Ostertagia
spp. were detected in the feces of all adult caribou examined from May to
October (Fig. 11). No helminth ova were detected in two calves sampled 25
June, 1986 when they were 2-5 weeks old. The lowest prevalence of
Ostertagia spp. was observed during late winter (March and April) (Fig. 11).
Monthly mean fecal egg counts varied seasonally and were significantly higher
in spring, summer and fall than in late winter (Fig. 12). Mean egg counts
were similar for samples taken from April to August. A distinct peak occurred
during September, 1985 (Fig. 12). The largest number of Ostertagia eggs

observed was 1399 EPG in the feces of a calf during July 1985.
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Table 6. Number of gastro-intestinal nematodes and fecal egg counts

(EPG) from wild caribou examined from the Slate Islands.

Nematodirella
Ostertagia spp.? longissimespiculata
Date  Age Sex Adult L,/ EPG Adult EPG®
Sep/85 2.5 M 7440 700 1270 870 330
Sep/85 7.5 F 3020 8300 590 0 0
May/85 2.0 F 2650 590 68 0 0
Feb/85 05 M 960 pd 5 P 165
Feb/85 2.5 M 1600 9270 0 1220 75
Nov/84 Adult M 3810 0 0 -€
Sep/80 Adult M P 0 0
Oct/79 Adult F P P
Oct/79 0.5 M P P
Oct/79 0.5 F P P
Oct/77 3.5 F P 0

2 Includes Ostertagia gruhneri and Ostertagia arctica.

b Estimated number of inhibited fourth-stage larvae (L) free in
the lumen of the abomasum based on ratio of L adults in small
unscreened subsamples.

¢ Eggs/g of dry feces.

d p indicates that species was present b