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Three species of nematodes were recovered from the abomasa of white-tailed deer (Odocoileus
virginianus) collected at Long Point, Ontario, from September 1972 to August 1973. Ostrrtagia
odocoilei was recovered from 45 deer (%%), 0, mossr from 3 1 (66%),and 0. dtkrnansi from 30
(64%). Abundance of adult stages of all three species was, greatest In surnnlcrand least in winter.
0. odocoilei was the most abundant species, especially during winter. Females were more
abundant than males at all times of the year, particularly during w~nter.
Numerous inhibited early fourth-stage larvae were recovered during winter and early spring.
while few were found in July and August. The decrease in numbers of inhihited tarvae In spnng
was coincident with a corresponding increase in abundance of adult worms. This is the first
indication of the existence of ~nhibition(previously reported in domesticated animals) in species
of Ostertagia parasitizing deer. Inhibition was not related to host age, indicating that the
phenomenon is probably not due to development of immunity by the host over the grazlng season.
BAKER,
M.R.,et R. C. ANDERSON.
1975. Seasonalchanges in abomasal worms (Osrertaxia spp.1
in white-tailed deer (Odncoile~svir~inioaur)at Lung Point, Ontario. Can. 3. 2001. 53:
H7-%.
On a ~rouv6
frois esde ntmatodes dans la caillette de cerfs ii queue blanche (Oducoileus
vjr~iniunrrsEcapturis h Long Point, en Ontario, de septernbre I972 iaoGr 1973. Osrerrngia
odocoilei pmsitait 45 des cerfs e x a m i d s (96%1,0. mossi. 31 (66%) et 0. dlmonri, 30 (64%).
Les stades adnltes des tmis especes xont plus abondants enit6 et moins en hivcr. 0,odoroiler esl
l'espkce dom~nnnte,surtout dumnt I'hiver. Les femelles exctdent les miles en tous temps de
I'annee, mais surtout i~
I'hiver.
On a retrouvh beaucoup de larves de quatrikrne stade inhib6es durant t'hiver et au dkbut du
printernps et quelques-unes en juillet et en aoit. La diminution du nombre de Iawes inhibkes au
printernps cdrnc~deavec I'abondance plus pride des vers adultes. Cela constitue le premier
indice de I'ex~stencede E'inhibition (dkja rencontke chez les animaux dornestiques) chez les
esptces d'Osrertu~ioparasites du cerf. II ne semble pas y avo~r
de lien entre I'inhihition et f ' k e
de I'hbte: ce phknorntne n'est donc probablernenr pas dir a u dtveloppernent d'une certa~ne
[Traduit par lejaurnal]
irnrnunite de I'hbtc durant la saison du brout.

Introduction
Ostertagia odocoilei Dikmans 1931, Ostertagia mossi Dikmans 1931, and Ostertagia
dikmansi Becklund and Walker 1968 are common parasites (Nematoda : Trichostrongylidae)
of the abomasum of white-tailed deer, Odocoileus
virginianus (Zimmerman 1780). Ostertagia ostertagi (Stiles 1892) Ransom 1907 (normally
found in cattle), 0. circumcincta (Stadelmann
1894) Ransom 1907 (the common sheep trichostrongyle), 0. trifurcata Ransom 1907,
and 0. spiculoptera Guschanskaja 1931 are
other members of this genus reported from deer
(Anderson 1962a, 19623; Andrews 1970;Walker
and Becklund 1970; Doster and Friend 1971).
These latter species were found only in deer
associated with domesticated animals, however.
Studies on the population dynamics of 0.
ostertagi and 0. circumcincta in temperate

climates have revealed that infective larvae
acquired by livestock in fall and winter are
inhibited at the early fourth larval stage within
the mucosa of the abomasum (Armour 1970).
Termination of inhibition in early spring results
in an increase in numbers of adult worms in
the abomasum. Since these developments are
coincident with - weather conditions normally
favoring development of eggs and free-living
larvae in the external environment, there may
be a rapid increase in transmission during
spring.
The Ministry of Natural Resources of Ontario
has conducted a study at Long Point, Ontario,
in which deer were shot monthly. Since 0.
odocoilei, 0.mossi, and 0.dikmansi are enzootic
in deer in this area, the program presented an
opportunity to determine if inhibition of
development is significant in these species.
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Deer were collected over 1 year, and a comparison of adult and immature worm populations in
their abomasa was made.

Materials and Methods
Most deer were shot in yarding areas at the east end
of the peninsula during winter or in the most easily
accessible areas near the lake during the rest of the year.
The approximate ages (years) and sex of the deer collected each month were as follows.
Oct. 1972 1 (F), 4+ (M). 1 (F), < 1 (F), .c 1 (F),
l o + (F), 1 (M)
Nov. 1972 9+ (F), 9+ (F), 1 + (M), 3+ (M),
< 1 (M)
Dec. 1972 < 1 (F), 1 + (M), 8 + (F), 4+ (M)
Feb. 1973 6 + (F), 2+ (F), < 1 (F), 1 + (F), 5+ (F)
(F),
Mar. 1973 2+ (M), 1+ (M), 7+ (M), 5
1 + (F)
Apr. 1973 1 (M), 5 (M), 6+ (F)
May 1973 7+ (F), 4+ (M), 3+ (F), ? (M), 4+ (F)
June 1973 4+ (M), 3 + (M), 3 (M), 6+ (M)
July 1973 6 + (F), ? (F), < 1 (F fawn)
Aug. 1973 1 + (M), 1 + (M), 1 + (M), < 1 (F fawn),
< 1 (F fawn), < 1 (F fawn)
Abomasa collected in October 1972 were preserved in
the field by placing each in a bottle with 1000 ml of 10%
formalin. Each organ was cut open to facilitate penetration of formalin. All subsequent samples were kept
frozen by means of dry ice until transferred to a freezer
in the laboratory. Abomasa were preserved in formalin
or frozen within 2 h of the death of each animal.
In the laboratory, abomasa were opened, and ingesta
placed on a 100-mesh Endecotts sieve (150-p opening).
The muwsa was scraped and the scrapings added to the
ingesta. Ingesta and scrapings were strained in tap water
for about 15 min until water passing through the sieve
was clear. Glycerine-alcohol (one part glycerine, nine
parts 70% ethanol) was added to the washed contents
to make a 2000-ml mixture used for volumetric sampling.
Abomasa preserved with formalin were dealt with
similarly except that 10% formalin instead of glycerine
alcohol was used to make up the 2000-ml mixture.
After vigorous shaking of the mixture, four 50-ml
samples were extracted, using a 50-ml graduated cylinder.
Each sample represented 2.5z of the stomach contents.
Ingesta samples were scanned for worms under a
dissecting microscope. Worms collected were stored in
glycerine-alcohol. Numbers of worms collected from
the four samples taken from each abomasum were used
to estimate total numbers of larvae and adult worms in
the stomach contents. This method was similar to that
of Prestwood et al. (1973).
Abomasal walls of deer were digested in a pepsin
solution to release worms deeply embedded in the wall
and not removed by scraping (Herlich 1956); this
method was unsuitable for abomasa preserved in 10%
formalin. After 8 h the digestion solution was strained
on a 100-mesh sieve and placed in a bottle. One hundred
milliliters of glycerine-alcohol were added to fix worms.
Sieved material was scanned under a dissecting microscope and adult and larval worms were collected. The
total number of worms in a deer was estimated by
combining data from the digested abomasum and
ingesta samples.
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Only male worms were identified because there are no
reliable descriptions of female worms, and morphological
differences are not obvious. Male worms were cleared in
a 1 :1 mixture of creosote and lactophenol for identification.
The weather data (Fig. 1) were collected from a
government weather station (Port Dover) located 10 mi
(16 km)from Long Point across Long Point Bay.

Description of the Study Area
Long Point is a 30-km-long peninsula
(42"301N latitude) projecting southeastward
into Lake Erie. Its width varies from less than
0.5 km at the base of the peninsula to 3.5 km
near the eastern tip. The soil is sandy except
in areas protected from wind and where humification has occurred. Long Point has numerous
ridges projecting in a northeast direction and
separated by lowland marshy areas. Ridges are
no more than 0.5 km in width.
Vegetation on ridges is dominated by deciduous trees or grasses. Areas on many ridges
are devoid of vegetation. Little browse is
available for deer since most trees are mature.
An area of about 200 ha covered in dense
patches of conifers occurs at the extreme east
end of the peninsula, where deer seek shelter and
food in winter. Marshy areas are usually
flooded in spring when the level of Lake Erie
rises.
of the wetlands become clogged
with emergent aquatic plants, which may be a
principal component of the summer diet of
deer.
The eastern three-quarters of Long Point is a
privately owned wildlife sanctuary. There has
been no legal hunting of deer there since the
1930's and deer are abundant in all parts of
the sanctuary. Apart from a few cottages and a
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FIG. 1. Mean monthly minimum and maximum
temperature and monthly precipitation at the Port Dover
weather station, Port Dover, Ontario, from September
1972 to August 1973.
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TABLE 1
Prevalence of Ostertagia spp. in adult deer at Long Point, Ontario, during bimonthly
collection periods from September 1972 to October 1973
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Period
SeptemberOctober
NovemberDecember
JanuaryFebruary
MarchApril
MayJune
JulyAugust
Total
% deer
infected

No. deer
examined

No. with
0 . odocoilei

No. with
0 . mossi

No. with
0. dikmansi

7

7

5

3

9

9

4

6

5

4

2

0

8

8

4

4

9

9

9

9

5
43

5
42

5
29

5
27

98

67

63

lighthouse at the extreme eastern end, there has
been no recent disturbance of the environment
by man. During the present study there were
about 300 deer in the population according to the
Ministry of Natural Resources.
There is some question of the origin of deer
at Long Point. Snyder (1931) reports that deer
were present when the first explorers reached
the area, but that they may have been completely
exterminated before 1870. In 1870 the peninsula
was stocked with deer, but the numbers of
animals released and their origin are not
known. A second stocking was made in 1886
with deer from Minnesota. Finally, in 1908
two male deer from Rondeau Park, Ontario,
were released on Long Point (Snyder 1931).

Results
All adult deer examined were infected with
one or more of Ostertagia odocoilei (98% of
deer infected), 0. mossi (67%), and 0. dikmansi
(63%) (Table 1). 0. odocoilei was the most
abundant species in most deer with multiple
infections, while 0.mossi and 0. dikmansi constituted a small part of the worm population.
0. mossi was usually three times as abundant
as 0. dikmansi in these deer.
Except in three deer collected in May 1973,
in which up to 10% of the larvae recovered
were late fourth- or early fifth-stage worms,
most worms recovered from deer were either
early fourth-stage larvae or fully developed
adults.
Inhibited larvae recovered from deer at

Long Point in late November 1972 were small
and slender (Table 2). Measurements of the
length of more than 100 of these larvae provided
a normal distribution between 950 p and
1650 p (Fig. 2), with a mean of 1342 p. This
indicated that most larvae had become inhibited at the same stage of development,
probably shortly after the third molt.
Larvae had small buccal cavities and the
mouths were simple (Figs. 3,4). The oesophagus
was club-shaped and about one-quarter the
body length. The tail length was less than onetenth of the body length.
Female larvae were longer than males. The
tail length was slightly greater in females than

Length class fp)

FIG. 2. Frequency distribution of length classes (in
microns) of male and female inhibited larvae of Ostertagia spp. collected from deer at Long Point, Ontario,
during November 1972.
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TABLE 2
Dimensions* of early fourth-stage larvae of Ostertagia spp. collected from
the abomasum of deer from Long Point, Ontario

Can. J. Zool. Downloaded from www.nrcresearchpress.com by 174.140.176.122 on 06/27/16
For personal use only.

Measurement

Female
(N = 10)

Male
( N = 10)

Total length
Maximum width
Oesophagus length
Excretory pore'
Nerve ring'
Posterior end of
genital prirnordium'
Anterior end of
genital primordiumt
Length of genital
primordium
Vulva+
Tail length
'All dimensions are in microns and the mean is followed by the range.
tDistance from anterior end.

males. The genital primordia, located in the
posterior one-third of the body, were dissimilar in males and females, although columns
of cells making up the system were at the
same general level of differentiation in both
sexes (Figs. 3, 4). The female was distinguished
by the presence of a vulva rudiment (Fig. 4)
formed by two large cells surrounded by a
cluster of smaller cells near the middle of the
genital primordium. The vulva was not patent.
Estimated mean numbers of adult worms of
each species in adult deer during each bimonthly period (Figs. 5-7) are based on adult
male worms only. Because all three species
belong to the same homogeneous group of
species it is assumed their adult sex ratios are
the same at any one time of year. Collectively,
adult male and female worms of all three
species had similar seasonal abundance curves
(Fig. 8). Thus Figs. 5-7 probably approximate
the seasonal abundance curves of each species.
Ostertagia odocoilei decreased slightly in
abundance from fall (mean = 147) to early
winter (mean = 92) (Fig. 5). Throughout winter
(November-February), abundance remained at
this same low level and in March-April a
slight increase (mean = 144) was observed.
Changes in abundance of 0. mossi and 0.
dikmansi during fall and winter were similar
to that of 0. odocoilei, except both species
continued to decrease from fall to the lowest
observed levels in January-February. In early
fall, mean abundances of 0. mossi and 0.
dikmansi were 64 and 16 respect,ively. 0. mossi

and 0. dikmansi increased slightly in abundance
in March-April (means = 8 and 4, respectively).
In all three species there was a marked increase
in numbers of worms in spring, followed by a
peak in summer (Figs. 5-7).
Results from Schieffe's test (Morrison 1967)
show that in fall and winter alone, changes in
abundance of all three species are not significant.
In summer (July-August) each species was
significantly more abundant than in any of the
fall and winter periods. Also, abundances
observed in summer were never significantly
different from those observed in spring (MayJune). Analysis of variance shows that yearly
trends in abundance of each species are significant. The results from an F test for parallelism
(Morrison 1967) shows, however, that the
curves in Figs. 5-7 are not parallel (F = 5.58
with 5 and 37 degrees of freedom, P < 0.01),
indicating some minor differences in seasonal
changes in abundance of the three species.
During winter 0. odocoilei represented about
85% of the worms present (Fig. 9). In the
summer and early fall, however, 0. mossi and
0.dikmansi were far more abundant than during
winter and represented about 30% of the total
population of abomasal worms. Only data from
the 31 deer in which 10 or more male worms
were recovered from the ingesta samples were
included in Fig. 9.
Results from Hotelling's t test (Morrison
1967) at P = 0.05 indicate significant differences
in abundance among the three species during
all seasons. At P = 0.01, however, significant
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FIG. 3. Male inhibited larva (fourth stage), lateral
view. FIG. 4. Vulva of female inhibited larva (fourth
stage), lateral view.
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FIG. 5. Estimated mean number (f1 standard deviation) of adult male Ostertagia odocoilei in adult deer
collected in each bimonthly per~od at Long Point.
Ontario, from September 1972 to August 1973.
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October, January-February, and July-August
there were no significant differences in abundance
between any of the species. In NovemberDecember the only difference in abundance
was between 0. odocoilei and 0. mossi, and
in March-April 0. odocoilei was significantly
more abundant than both 0. mossi and 0.
dikmansi.
Three deer had over 3000 adult abomasal
worms each. In these heavily parasitized
animals 70.3% (range, 54.3-79.373 of the adult
male worms were 0. odocoilei, 24.3% (range,
I
17.1-37.8%) were 0. mossi, and 5.4% (range,
3.6-7.9%) were 0. dikmansi. These values were
not significantly different from the average
proportions of each species in the population.
SepNOVJOW
MO?.
MUYJU!A test for parallelism of the data from Fig. 10
Oct
Dec
Feb
Apr
JUn
Aug
indicates that adults and larvae have different
FIG.7. Estimated mean number (f1 standard devia- circa-annual cycles in the abomasum (F = 8.35
tion) of adult male Ostertagia dikmansi in adult deer with 5 and 37 degrees of freedom, P < 0.01).
collected in each bimonthly period at Long Point,
High numbers of adult worms (mean = 2459)
Ontario, from September 1972 to August 1973.
were found during summer but by October the
mean number of adults was much reduced
-I-
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FIG. 8. Estimated mean number (f1 standard
deviation) of adult male and female Ostertagia spp. in
adult deer collected in each bimonthly period at Long
Point, Ontario, from September 1972 to August 1973.
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FIG.9. Relative bimonthly proportions (%) of Ostertagia odocoilei, 0 . mossi, and 0 . dikmansi in the abomasa
of deer (from which at least 10 male worms were recovered) collected at Long Point, Ontario, from September 1972 to August 1973.
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FIG. 10. Estimated mean numbers (f1 standard
deviation) of larvae and adults of Ostertagia spp. in
adult deer collected in each bimonthly period at Long
Point, Ontario, from September 1972 to August 1973.

(mean = 620), and during winter, mean abundances were about 325. In spring the adult
population increased sharply to a mean of 1583
on an upward trend in abundance leading to the
summer peak. These seasonal changes were
significant (analysis of variance). Mean adult
worm abundances for the four bimonthly
periods from September to April were all
significantly lower than the summer mean
(Schieffe's test). The mean abundance of adult
worms collected in spring was significantly
higher than only one fall or winter period
(November-December).
Fourth-stage larvae were present in low
numbers during the summer (mean = 114)
and early fall (mean = 223). In winter, however,
numbers of larvae were high (mean > 500)
and remained relatively constant until MayJune, when a distinct peak was observed
(mean = 1129). Between May-June and JulyAugust, levels of larvae dropped from a seasonal
high of 1129 to 114, the lowest observed mean.
None of the seasonal changes in abundance
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was statistically significant (analysis of variance),
however.
Larvae and adult curves were compared in
each bimonthly period by a paired t test
(Snedecor and Cochran 1971). The abundances
of adults and larvae were significantly different
(P < 0.01) only in summer, the period of
greatest abundance of adult worms and the
lowest mean number of larvae.
A distinct seasonal variation in total worm
burdens (larvae and adults) was observed.
From September to April the mean worm
burden from each sample period was consistently close to 1000, while in spring and
summer the means were above 2500.
The immature: adult worm ratio in adult deer
varied seasonally (Fig. 11). Low values in
summer (ratio = 0.05) and early fall (ratio =
0.36) contrasted with high values obtained from
November through April (ratios > 1.5). During
May-June an intermediate mean ratio of 0.71
was obtained, indicating the shift from larvae
to adults during spring.
The adult worm sex ratio varied with season.
For example, in January-February the mean
ma1e:female ratio was 0.5, while in July-August
it was about 0.8.
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FIG. 11. Larva:adult ratio of Ostertagia spp. in
adult deer collected in each bimonthly period at Long
Point, Ontario, from September 1972 to August 1973.
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TABLE 3
Abomasal worms in fawns collected at Long Point, Ontario, during July and August, 1973
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Fawn
No.

No. adult
worms

No. male
0. odocoilei

Comparison of adult male and female
seasonal abundance curves of Ostertagia spp.
(Fig. 8) by a test for parallelism showed they
are close to identical in shape (F = 0.31 with
5 and 37 degrees of freedom, P < 0.01). Since
analysis of variance on combined male and
female data from Fig. 8 indicated significant
seasonal differences in abundance, the similar
shape of the male and female curves explains
differences in calculated sex ratios. A paired
t test demonstrated that over the entire study
there were significantly greater numbers of
females than males.
Four fawns collected in July and August 1973
were lightly infected in comparison with adult
deer collected during the same period. The
abomasal contents of fawns 1, 3, and 4 (Table 3)
consisted of curdled milk and vegetation. Food
in the abomasum of fawn 2 consisted entirely
of vegetation. The mother of fawn 2 was infected with over 4000 adult and 340 larval
abomasal worms.
Discussion
Ostertagia odocoilei, 0. mossi, and 0. dikmansi are widely distributed abomasal parasites
of Odocoileus virginianus in eastern North
America (Dikmans 1931, 1932, 1934; Bump
1937; Dinaburg 1939; Rausch 1950; Hayes et al.
1958; Samuel and Beaudoin 1966; Samuel 1967,
1969, 1970; Glazener and Knowlton 1967;
Becklund and Walker 1967, 1968; Samuel and
Trainer 1969; Emerson 1969; Boddicker and
Hugghins 1969a, 1969b; Beaudoin et al. 1970;
Walker and Becklund 1970; Prestwood et al.
1973). The most northerly report was from
Rondeau Park, Ontario, which is near Long
Point on Lake Erie; 0 . odocoilei, 0. mossi, and
0. dikmansi were reported by Becklund and
Walker (1968). In addition, one white-tailed
deer collected recently near Barrie, Ontario
(44" N latitude), was infected with 0. odocoilei
and 0. mossi (unpublished data). All three

No. male
0.mossi

No. male
0.dikmansi

No.
larvae

species have often been found together in
individual animals and represent the only
medium stomach worms normally found in
Odocoileus virginianus.
There has been only one other seasonal
study of abomasal parasites in white-tailed deer.
From the fall of 1966 to the spring of 1968,
adult 0 . odocoilei and 0. mossi were collected
from 176 deer from south Texas (Samuel 1969).
There was a high prevalence of both species but
0 . odocoilei was more abundant than 0 . mossi.
In contrast to the study at Long Point, both
species were more abundant in winter and fall
than in spring and summer. The climate tends to
be hot and dry in summer in south Texas and
perhaps unsuitable for the development and
transmission of free-living larvae of Ostertagia
spp. In winter the average temperature during
Samuel's study was about 14"C, and there were
no extremely cold or dry periods. In winter,
deer grazed predominately on winter annual
forbs and grasses, whereas in summer, when
these foods were not available, deer browsed
more often (Samuel 1969). Thus in winter,
deer are much more likely to ingest infective
larvae of abomasal worms which tend to migrate
onto grasses and herbs.
There is little deciduous browse on Long
Point and deer graze throughout the year
except when there is substantial snow cover;
then they feed on conifers in the yarding area.
In contrast to conditions in south Texas, cold
weather in winter at Long Point may severely
restrict transmission of Ostertagia spp. (Fig. 1).
Summers may be dry but the study area consists of sandy ridges separated by marshy areas.
In dry periods in summer, deer feed on the
margins of the wetlands, which are probably
suitable for the development of free-living larvae
of Ostertagia spp.
The present study is the first report of the
existence of inhibited fourth-stage larvae of
Ostertagia in deer. Substantial numbers of
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larvae were recovered from deer in all periods should take into account the possibility that
except summer (July-August). The marked inhibition occurs and that an assessment of
reduction in numbers of larvae recovered from adult worm populations by itself might be
spring to summer was probably caused by the inadequate to explain the epizootiology of the
rapid development of larvae into adults during infections and their relationship to deer range.
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