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ABSTRACT | | -

Nine species of the genus Fimeria (Protozoa, Eimeriidae) were
found during the examination of 629 snowshoe hares, Lepus amaeicanus from
central Alberta. Four, E. robertsont, E. leporis, E. ruficaudati, and
| x.'eovnaendi. were described previously from other leporids and are re-
described, while five,‘s. athabascensis, E. 'keithi, E. holmesi,

E. rochesterensis and E. rowani arejdeSCriped as new species. The nine
species are part of four morphologically similar species groups; they are
distinguished on the basis of mordﬁd}ogy, presence or absence of oocyst}
and sporbcyst residua and a micropyle, and statistical analysis of oocyst
and sporocyst measurements. The eimerians of all 1agdmorbhs are reviewed
and a key to the nineteen species from Lepus spp.’1s presented.-

Results of ckoss-transmission studies with Eimeria spp., as de-
termined by a review of the literature, suggest that. Sylvilagus and
| Otyctolagus are more c]osely related to each other than they are to Lepus.
’ Examination of the structural characteristics of Eimeria from rodents
artiodactyls, and lagomorphs did not reveal any clear host relationships.

Overall prevalences of from 5 to 50% were recorded for the nine
specfes. A1l nine species were observed 1n neonata1 hares approximately
~ one week old. The oocyst oﬁ?put of seven species decreased with increas-
ing age of the hares. Seasonal factors were 1mportant modifiers of oocyst
"output for five of the nine species. Sex and host density did not appear

to influence patterns of either prevalence orlfntensity.

.
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1. rm@oucno'u

Although many - species of coccidia have been reported from
_ vf‘representatives of the Order Lagomorpha (Hobbs and Samuei 1974 and reviews
. of Pe]lérdy 1974 and Levine and Ivens 1972), no one has studied this k 2
. group. of parasites in the snowshoe hare (Lepus americanus) in any detatl.
MacLu]k:h(1937) mentioned that coccidia were present in hares from
gOntario. but no species were identified In the on1y other report on the
""subJect. Boughton (1932) listed Eimeria stiedai (Lindemann 1865) and
f'ximeria ;ertbxuns (Leuckart 1879) from the snowshoe hare The vaiidity
‘of his findings has  been questioned by Carvalho (1943) and Pellérdy (1974)."
The criticisms were based on the fact that Boughton identified E. stiedai
-only after examination of apparently unsporulated]pocysts in the feces,~
he did not examine the: contents of the gall b1adder and biie -ducts,
. unusual 1ocations for- eimerians but the normal locations for E. stiedad.
.R;Unsporulated oocysts of E. stiedai resemble c1ose1y at least one other
’ '/species E magna Perard 1925, of the intestinai tract of Lagomorpha 0
/ the criticisms have: merit. -
} ' Pellerdy (1974) suggested that E. perfbrans is found only in
o:yctolagus cuniculua agd possibiy members of the genus Sglvilagus, thus ‘
'he refuted Boughton s finding on the basis of host specificity. Levine
: uand Ivens (1972) added,_"At one- time a11 species of Eimeyia in the | N
?lagomorph 1ntestine were thought to be E. perfbrans As a resu]t earlier
..f.reports of this species in cottontails and-hares must be discounted.”
',pThe descriptions of Boughton (1932) are incomplete and give no good clues
to the reai identity of the coccidia recovered.

N :



The sparse 11terature on coccid{a of Lepus afyricanus 1s in con—
trast to ‘that for the wi!d rabbit Oryctolaguc cuniculus, in New Zea]and .
'and Australia. and for cottontails of the genus Sylvilagus in North
_America The number ‘of specfes of coccidia and thetf 1dent1ffcatfon in
both hosts have received considerab1e attention (for Oryctolagus see
| KesseT and Janktewicz 1931, Rutherford 1943, Pellardy 1974; far Sylvizagns
see Honess 1939, Carvalho 1942, 1943, 1944, Herman and Jankfewlcz 1943,
_ Duszynsk1lanq Marouardt.T§69), These studies rely heavily on descriptive
morphology to fdentify the species encountered. There are two noteworthy‘
fexceptions; the works of Carvalho (1942, 1943,»1944), which uti11zed
' fcroSs transnission‘experiments as an aid to’the identity of species, ahd
-Duszynski and Marquardt (1969), who used a statistical approach to help .
:1n their taxonomic dec151ons .

As a consequence of the taxonom1c work on coccidia of. Oryctolagus

'l

"lfand Sylvilagus, other studies on the nature of the coccidia-host relatfon-

3 sh1p have been conducted Ihe most fntensive research has focused on the

'relationships between’eimerian'fnfecttonsvand age and sex of the w11d
rabbit (o.‘cuniculqg), and the 1nf1uence of season and c11mat1c region in
I.Australia (Mykytowycz 1962 Stodart 1968a, 1968b 1971 Dunsmore (1971} and
,New Zealand (Bull. 1958) Ecologic studfes on ximerga of sylvidagus has
'been restrfcted to brief analysfs of winter coccidiosis (Dorney 1962) and

" the role of coccidiosis 1n host mortality (Ecke and Yeatter 1956).

The 1n1tfal and pr1mary objective of the present study was to
j 1nvest19ate severa1 aspects oﬁ the ecology of coccidia of the snowshoe

hare (Lapus a-cricanus) with particuiar emphasis on the demogranhy of the

[
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host and parasites over time. However, based on the history of similar
studies on 0. cuniculus and taxonomic problems that became immediately
obvious, an initial study on the taxonomy of the coccidia was conducted.
Its objectives were:

(1) to determine the 1dent1ty, prevalence, and intensity

of Eimeria spp. in a population of snowshoe hares
from central Alberta;

(2) to present a detailed morphological description or
redescription (if necessary) of each species observed
including drawings, photomicrographs and pertinent
statistica] data;

(3) to present a workable taxonomic key to the Eimeria of
~ the snowshoe hare;. .

(4) to discuss the relationships of the coccidia of the
genus Lepus with other members of the Order
Lagomorpha, and with coccidia of other mammalian
orders;
(5) to examine the use of coccidia as indicators of the
pk . ienetic relationships of members of the Order
L: yjomo: bha, and with other orders of mammals.
With the bas’s rrovided by the taxopomic inve:tication, some
aébects of the hare “im--ia’relationship were examined. . Sprent (1963)
. considered the host-parasite relationship to be "an equilibrium of two.
biologica1 factors" which could.be influenced by the "environment"”.
Sprent's "énvironment" was composed .of two segments: the external, where
.climatic.and geographical factors affect fhé survival of both the parasite
and thé host; and the 1ntefnal,_wﬁich is thefhost itself.
Some of the factors whfch may influence the internai environment
are age, sex and social status of the host V §evera] workers (Bull 1958,
Mykytowycz 1962, Stodart 1968a. 1971) have found a decrease in intensity

of infection by Eimeria with 1ncreasing age of the rabbit, 0. cuniculus.



-Season and social status of‘thg host also influenced oocyst output at least
with 0. cuniculus in enclosures (Mykytowycz 1962), as did climatic and
geographical factors in free-11iving populations (Stodart 1968a, 1968b,
1971). | |
' As a result of the work done with Oryctolagus and the availability
of iarge numbers of snowshoe hares.‘one of the‘objectives of the ecology
portion of the present study was to'1nveStigate selected aspects ofvthe
internal envirbnment such és-age and sex of the host, A'second objective
Qas to examine the effect of the exter:al environment indirectly by‘
determining tﬁe seasonal patterns of prevalence and intensity of the species
of Eimeria’observed. .

| _ ?opulations of the snowshoe hare undérgo periodic fluctuations
in deﬁsity usually termed a "ten-year cycle" (Keith 196}). One of the
bhafacteristics of these cyéIes is a higher juvenile mortality during fhe
decline phase. Coccidigsis has been implicated as a cause of juvenile
mortality in o. cuniculus'iq7Austra]ia‘(Dunshore 1971) and New Zealand
| (Bull 1958): Therefore, since Fhe present study took b1ace during the
decline phases of the "tenfyear cycle", the fiﬁa],objectivesof this study
“were to examine the effect of Qarying host densities on fhe host—parasffa
. relationship and to determine if coccidioéis was involved in juvenile

vmortai1ty;



. , II. STUDY AREA

. The study area of appfoximately 2,500 km? 1ies in
north central Alberta, 100 km. north of Edmonfon (54N, 113W). Theo
climate 1s continenta]vw{th WQrm summers and cold winters. The area re-
cefves 40 tb 45 cm. of precipitation a year, with two-thirds of that coming
between May and September (Kjearsgaard 1972). The terrain is flat to
.gently rolling, with the excepﬁon of the Tayuaéginaw River Vaﬁey. A]though
some land has been cleared for agriculture, most of the area is lowland
bog with tamarack (rarix laricina) and black spruce (Picea mariana) and
upland with balsam poplar (Populus balsamifera), aspen (Populus tremuloides),
paper birch (Betula papyriféra); Jackpine (Pinus banksiana) and white
spruce (Piceakglauca). The study area is within the area designated by
Moss (1555) as xheAMixed Wood Section of the Boreal Forest Region. Further
information on the vegetation, climate, physiography,\ahd soil formations
~of the area are given by Moss (1955), Me§1oQ and Keith (1968), weathéfill
and Keith (1969), Rusch et az. (1971), and Kjearsgaard (1972).

T 5 el et e st b



III. MATERIALS AND METHODS

Feta] samples were taken from 629 hares co]]ectedvbetween May 1,

1971, and August 31, 1972, near Rochebter, Alberta. Hares were trapped
in many locations by personnel ot the University of Wisconsin Wildlife
Research Center at Rochester as part of a long-term study of population
dynamics of the snowshoe hare The Center, under the supervision of
Dr. L. B. Keith, Department of Wildlife Ecology, University of Wisconsin,
has been collecting data on the population demography of snowshqe hares
since 1961.
| Animals were 1ive-trapped, brought tb the Center, killed, and
necropsied. Information collected from each hare included sex, reproduc-
t1ve status of both males and females, entire weight. paunched weight,
hind foot length, and weights of various organs (testes, adrenals, heart,
]1ver.‘and spleen) In addition, eye lenses were taken and processed
accordfng to Keith et a1. (1968) to provide an estimate of age. The séx
and age structure of the sample used in the present study is provided in
Table 1. Animals less than one year of age were classed as juveniles,
animals in their_first’breeding season were classed as yearlings, and
animals in their second dr Subsequent breeding season were.classed as
adults., :Neonatal hares uere aged to the nearest week according to the |
lens weight curves of Keith et at. (1968). . A condition fndex was calcu;
lated using the tormula”of Brand et ai.u(1975). The technigues for the
'popu}ation studies wene described in detail by Keith et a1i. (1968).

~ Fecal sambles. qpilected from the rectum freshly killed snowshoe

hares, were placed in vials cdntainingcapproximate1y 10 ml. of 2.5% aqueous

. 6
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potassfum dichromate (K Cr207) solution. After storage for varying periods
.of time (usually less éfan one week) at 4C, the vials were uncapped and
the samples left to spofulate at 20C for seven to ten days. Then they were
e{ther examined for coccidia or stored at 4C for examination later.
Sporulation times were determined from fresh, macerated feces, placed in
100 X 15 mm. Petri dishes (with the depth of the so]ﬁtion not exceeding
1 em.) and left at room temperi;ure for seven days. These samples were
stirred twice a day. | '

Oocysts were concentrated fér study by flotation using the fech-
nique and_modifigation of Samuel and Trainér (1969) and Samuel and Gray
(1974). respectiver However, since the fecal sample was not weighed
prior to p]acement in potassium dichromate 1t was necessary to introduce

—“the following modification. A-ponxion (approximately 5 ml.) of each fecal-
- potassium dichromate mixture was poured through cheese cloth into a
125 X 16 mm. graduated centrifuge tube. The,sample was centrifuged for
10 minutes at 1,100 rpm. , the packed volume of feces recordéd; and the
supernatant poured off. Approximately 6.m1; of sugar solution (Sp. gr.
1.27) waé:added and mixed with the packed feces. Sugar solution was added
until a positive meniscus was formed above the 11p of the tube. A 22-mm.
'square coversiip was. placed on the centrifuge tube and the sample centri-
fuged for 10 minutes at 1,100 rpm. The coverslip was 1ifted off briskly
’ffand placed on a glass slide. Each coverslip was examined in its entirety
for coccidia using a 10X eyepiece and a 20X objective with a tota1 courit
of the‘doéysts present being made. - A1l oocysts were identified if there

were less than 100 oocysts presént, and at least 100 were chosen at random
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and identified 1fvmore than 100 were present. In ordef\to determine the
number of oocysts for each species 1n those‘samples witﬂ\more than 100
oocysts the total count was multiplied by the proportion of each species.

The following procedure was used to get the number of oocysts per
gram of feces. The volume of packed feces was u§pd in theffo110d1ng
equation to determine the weight of the fecal sample:

| 'Y = 0.018 + 0.11X
| | (r = 0.96, P < 0.05)

where Y is thé volume of feces in ml., and X is the weight of feces in
grams. |

The above relationship was detefmined by a series of‘runs‘(a
total 6f 27 samples) in which varying amounts of the fecal-di chromate
mixture (0.2 ml. .to 2.5 ml.) were centrifuged for 10 minutes at l,lod rpm. ,
the sdpernatant rehbved and the fecal sample air dried at 30C. The
samples were weighed every day until there was no change in weight on two

consecutive days.

| Ali qocysts“eéfmined and measured for descriptioné Were from
freshly sporule*ad material. Qocysts were examined with a Wild M20 com-
pound microscope .:-.ins 100X apochromatic oil immersion objectives with 10X
eyepieces and measurzc with an ocular micrometer. Composite drawings
were made using the camera lucida;_photomiérographs were taken using
Kodak Pan-X film and a Zeiss photbmicroscope. | |

Thirty oocysts and sporocysts were.measured from at least two

harls for three species (E. rowani $p. n., E. rochesterensis sp. n., and

B, holmeéibsp. n.) while 100 oocysts and sporocysts were measured from at
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least four hares for the remaining six species.
Data collected from hare fecal examinations were grouped into
eight collecting periods for analysis (Table 1). These periods retlect
climatic seasons 1n central Alberta as well as biological changes in the
“'snowshoe hare. The winter period, November 1 to March 31, is characterized'
by Tow temperatures (range -20 to OC), snow cover, short day ]ength and a
change 1n the animal s diet to a heavy utilization of woody browse (Dodds
1960). The" spring period April 1 to May 15, has a temperature range of
-6 to 16C, increasing day length and light intensity, changes in the diet
of the snowshoe hare to herbaceous material as it appears (Meslow and Keith
1971), and initiation of breeding. Summer was subdivided 1nto two periods.
_The f1rst.'May 16 to July 15, constitutes the breeding season; that is,
females are bregnant. males are sexually active, and young are born. The
second 1s a period when the testes of the adult males regress, adult
females are recovering from parturition, and juveni]es undergo rapid“
growth Temperatures in summer range from 6 to 28C, day length is long,,
and hares utilize herbaceous vegetatlon exclusively. The fall period,
September 1 to October 31, is characterized by a temperature range of 16
to -2C, shortening day length, and a changeover to woody browse from
herbaceous vegetations _ :
| VStatistical analysis of the data was done on an IBM 360 computer
* using APLSV'or SPSS. Programs used were obtained from the public library
of the University of Alberta Computing Center and were based on procedures
outlined in Nie et a1. (1975), Sokal and Roh1f (1969), and Steel and
Torrie (1960)
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The data were tested for normality bf dfstributidn using a pro-
gram for the Kolmogorov-Smirnov test. The data on oocyst counts.were
normalqzed using the transformation 10910 (X + 1) where X equals the num-
ber of oocysts per gram of feces. Most of the data were analyzed by the
analysis of variance.(SPSS- ANOVA). Linear regressions of the oocyst count
- of each species on eye lens weights were computed using the SCATTERGRAM
program in SPSS, Other methods of analysis of, the data are given when

first used. - . o s



IV. TAXONOMY

- Introduction

There are three biological oharacteristics which are used
to‘distinguish the species of coccidia: oocyst morpho]ogy, host
specificity, and location and timing of the endogenous stages. Oocyst
_ morpho109y and host soecificity usually become the bases for species
identification, since the location and timing of the_gndogenous stages 1s
known for only a“féw species (see Levine and Ivens 1965, 1970)',\F°5t
specifity, as determined.by cross-trpnsmissioo:experiments, is also poorly
known (LeVine and Ivens 1965, 1970); it is often combined with information
on the geography of hosts with eimerians of similar morphology to determ e
the identity of spectes. ~ ° . | |

Marquardt (1973) made the following statement about the pract1oes
of the authors describing newospecies of coccidié: |

In describing new species, authors héve generally held to
the principles that oocysts of identical morphology from
closely related hosts are members of a single species.
As a corollary, it has also been concluded that oocysts
of similar structure from hosts that are widely separated
. taxonomically are different species. Likewise oocysts of
~ different structures but derived from the same host are S -
different species. ‘ '
This statement implies two questions which all parasite taxonomists must
answer before descfibing\a_new'soecies.' The first is what degree of
variability is 1nhorent in the parasite species. The second concerns the
degree of host specif{city; what are "c1o§e1y reIated" and "widely sepa-

rateo"‘host taxa as far as the parasito is concerned.,-A discussion of

12
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-~ the answers to these questions with regard to the coccidia of the snowshoe
hare 1s‘werranted.

The morpho]ogical characters used in d1st1nguish1ng the oocysts
of different species are size, shape, color, and texture of the oocyst and
. sporocyst wa]ls. presence or absence of an oocyst micropyle, polar body,
- and residuum, and presence or absence of a sporocyst residuum Some of
these characteristics have been shown to vary for one or more species of -
coccidia. Changes “in oocyst size during the patent period have been re-
corded often (see'reyiew of Dusgynski,197]. Samoil and Samuel, Appendix. 1).
Kheysfn (1957) has shown that shape of the oocyst may vary with the size
: cf the initial 1nfect1ve dose and the time of the patent peried. The color
' of the oocyst wall may vary depending on the type of lens or fi]ters used‘ \
on the microscope. The size of the oocyst and sporocyst residua hds been
shown to decrease with storage-(Duszynsk{ and Marquardt 1971, Kheysin 1959, °
" 1967). | | o '

Thb, al though seve'ra'l‘charectlers very in size or colcr, their
presence or{absence 1s»c0nstant.]‘As a consequence, the morphologic
| chafacter1st1cs which appear to be most reliable for specfes identification
are: presence or absence;of'a mfcronyle, oocyst residuum,'sporocyst
-res{duum,}ahd‘OOCyst boiar'body; Size, although it has'been shown to
vary,.can be‘USed as ‘a tocl for fdentification of snecies 1fvthe,var1ation;
s dccumented and when supported by other critenia..particularIy that
related to presence'or absence of characters (Jones1932). Shape of the
oocyst, although it var1es within 1imits similar to size, may also be

used 1in conJunctfon'with other criterfa as a species characteristic
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(Kheysin 1957).

In this s tudy species of Eimeria were distinguiShed using the
above characteristics. Freshly sporulated material was examined to deter-
mine the presence or absence of a micropyle. oocyst polar body, oocyst
| residuum, and a sporocyst. residuum. Although there was a decrease in size
of the oocyst and sporocyst residua for some species from fecal material
}which had been stored in potassium dichromate for up to two years, the
presence or absence of these characters was not affected. The descriptions
were based on oocysts from different animals and different oocyst densities
so as to encompass the greatest range of variability in size for each
'species. | ‘ |

- Answers to the second question (that is, what is the degree of
host specifity?) dan proyide'more than just information on the identity
of'theMparasite species. The use of parasites as clues to thevevolution
and phylogenetic affinities of hosts has -been examined by numerous authors
(Metcalf 1929 Janiszewsko l949 Cox 1967). ,Janiszewsko (1949) proposed
, the term "parasitogenesis" to refer to the evolution of relationships

. between the parasite and its. host. Several "rules of affinity" have been
‘}'?proposed (see Dogiel l964). with the major one postulating the parallel
'5sevolution of the parasites and their hosts. Hennig (l966) suggested that
ithese rules have many exceptions and, therefore, they should be used only. -
, as guides for the study of phylogenetic relationships He stated further |
- that even in its imperfect state the parasitological method has helped to
: clarify some obscure phylogenetic relationships.

Metcalf (1929), in a perceptual paper, examined the aid parasites
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give in solving problems of host taxonomy and biogeography. He suggested

that the sporozoa (Eime:ia, Plasmodium, etc.) presented a good opportunity
'for such studies. due to their high degree of host Specificity In spite
‘of this suggestion, little use has been made of this group to elucidate
phylogenetic relationships and workers have concentrated mainly on
‘arthropods (Clay 1957, Hopkins 1957a, l957b) and trematodef (Llewellyn
1957, Manter 1957). | | |

Given this information and the. fact that the” genus Eimeria 1is

<

common and has been studied taxonomically 1n many mammals, and is thought
to be host specific for "widely separated“ taxons 1 decided to examine
Metcalf's (1929) hypothesis in some detail The primaﬁk.objective was to
examine the. relationships of various genera of the Lagomorpha and their
’_eimerians as well as comparing the eimerians of lagomorphs with those of
other host taxons in_an attempt to clarify phylogenetic affinities of the

“

lagomorphs.

'Results‘

AN

'Nine distinct types of‘oocysts (Protozoa Eimeriidae Eimeria) -
‘were observed during this study and compared with those already described

) from lagomorphs and other hiqher mammalian taxoni (see reviews of Levine
and Ivens 1972, Pellérdy 1974) The original descriptions or redescrip—
'tions of four of the nine species were incomplete; the four, E., rnbertsonzb‘
(Madsen l938) Carvalho l943, E. leporis (Nieschulz 1923), E ruficaudati
G111 and Ray 1960 and E. townsendi (Carvalho 1943) Pellerdy 1956, are .

redescribed here. The redescriptions contain an indication of the
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variability of character measurements the lack of which is the major
problem with previous descriptions. Specifically, the number of_oocysts
measured,,mean and range of the measurements and a statistic, the standard
error of the-mean ‘have been provided. The remaining five, &. athabascensié,

B. kaithi, E. bolmesi, E. mchestarensis, and E. rowani are described as /\\
new species. | ' .

" Fimeria townsendf; E. robertsoni and E. holmesi were easily
distinguished on the basis of their morphology, but the only observable
'1fferences among the remaining six were the presence or absence of oocyst

- .and sporocyst res1dua and a m1cropy1e Therefore, these forms were sub-
.Jected.to simpIe»statjstica] analysis to determine ff'any size differences
-were significant. %T? measurements are in micrometers. with means and- °

standard errors 1n parentheses following the range

Description of the Parasites

. Phylum ‘_ Protozoa © Goldfuss 1818 emend. von Siebold, 1845
Subphylum*‘ v'SporoEoei' | “_}'Leockart 1879‘»r | |
Class Telosporea ’Sohéodinn 1900
-SdbcTass; '“T‘Cocéjdie _:2~ Leuckart 1879
.Order S Eoeoegioie : “'Leger and Duboscq 1910
Swborder 'ef.-.;emaa‘ ‘ Leger 1911
| Femijy‘ - Eimerifdae K Poche 1913
S Gams Sinerta Schnetder 1875 .
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Eimeria robertsoni (Madsen 1938) Carvalho 1943

(Figures 1, 11)

Synonyms: Eimeria magna var fobertson.i Madsen 1938, rimeria magna forma
townsendi Carvalho 1943 pro parte Eimeria perforans var

groenlandlca Madsen 1938.
Type host: Lepus arcticus.

Other hosts: Lepus townsendii, Lepus europaeus, Lepus ruficaudatus,

Lepus timidus, Lepus americanus.

Redescription; Sporulated oocysts broadly ellipsoid or ovoid, with a broad
. micropyle from 4.8 to 6.0 (5.9 + 0.1) wide;‘oocysf“wa11

consisting df two layers, the outer yellowish-brown,
finely granular, easily detached, 1.4 thick; the inner
0.5 thick; 100 sporUlated,oocysts 33.6 to 51.6 (41.3 +
0.4) long, and 20.4 to 25.2 (22.5 *+ 0.1) wide; polar
Qrahule absent; oocyst residuum ;ompact, granular and
large, 6.0 to 10.8 (8.1 # 0.1) in diameter; sporoéysts
elongated Spindle-shaped bodies, tapering toward one
end, 18.0 to 25. 2'(20'9 *0.2) Tong and 6.0 to 9.6
(8.0 + + 0. 1) wfde Stieda body present as an 1nd1st1nct
light refractlng body at the narrow end (not apparent
in Figure 11, not shown 1n Figure 1); diffuse granu]ar
sporocyst residua present; sporozoites with a sing]e

refracti?e body posterior: to the nucleus



Figure 1. Sporulated oocyst of Eimeria robertsori
(m = microoyle, or = oocyst residuum,
sr = sporocyst residuum)

Figure 2. Sporulated oocyst of Eimeria leporis
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Sporulation time: Mbst oocysts were sporulated after 6 days at 20C.
Range: North America, Europe, Greenlgnd, India.
Location in host: Duodenum (Carvalho 1943).

' Percentage infection: 208 of 629 (33.1%) snowshoe hares of central
Alberta.

Remarks: This déScripfion‘of E. robertsoni differs slightly from those
of Madﬁen(1938).Cary§Iho (1943), Pel1érdy (1956), Levine and Ivens
(1972L‘The ooéyst wall 1s‘two-1Ayered; tﬁe outer layer was
‘removed'éasily with 5% sddihm,hypoch]or1te~ solution. The
text of all fbur previous descriptiqns (bp. c1t.) indicates
only a single layer, although thg,drawings in three {Madsen,

~ Pellérdy, and Levine and Ivens;'op. cit.) show two layers.
The,époru]ation“time of oocysts in the present study was six

~ days, which agrées with results of Bouvier (1967),‘but ﬁot
those of the other describers mentioned previously. The

'sporocyst-residuaﬂare lafgé in freshly sporulated oocysts, but - '
ﬁifkedly smailer‘and'not élways visible 1n all sporocysts in

;_oocysts which have bgeﬁ;stored for periods of up to two years.
Kheysin (1967) has reviéwed‘the literature on, the decreasing
size of the sporocyst résidua,‘bn §forage concluding that there
1s a nutritive material within the résfdué-whjch is usedzby
the.Sporozoites,‘ ?hfs description also differs from previous

ones in that a-Stieda body.1§ repqrtéd'for the first time.
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Aspects of the biology of this species (patent period, oocyst
output during the patent period, and changes 1nvthe size of
the oocyst during the patent perfod) have been reported on by
Samoil and Samuel (unpublished data in Appendix ).

Eimeria leporis Nieschulz 1923
(Figures 2, 15)

Lepus europaeus.

Other hosts: rLepus americanus, Lepus arcticus groeglandicus, Lepus

.uficaudatus, Lepus timidus, Lepus tolai.

Redescriptibn: Spbrplated oocysts cylindrical, micropyle absent or in-

distinct>1f present; oocyst wall thickness about 1,

- consisting of two Tayers, the outer smooth and unifdrm]y

thick; 100 sporulated oocysts 27.6 to 39.6 (32.1 + 0.3)

Tong and 12.8 to 16.8 (15.6 + 0.1) wide; polar granule

absent; oocyst residuum compact, granular, and 2.4 to
6.0 (3.9 + 0.1) in diameter; sporocysts elongated

spindle-shabed'bodies, tapering towérd;one end, 11.0 to

118.0 (14.4 + 0.2) long and 5.8 to 7.2 (6.3 + 0.1) wide;
.Stieda body present as an indistinct 1ight refracting

area at the narrow end (not apparent in figuré 15, not
shown in Figure 2); diffuse granular spdrocyst residua .

present; sporoioites with a single refractile body
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posterior to the nucleus.
Sporu]atien time: Mot oocysts were'sporulated after 6 days at 20C.
Range: Europe, Gfeenland. Indie. Canada (Alberta).
Location in host: Small intestine (Nieschulz’1923. Pellérdy et a1. 1974).

Percentage 1nfect10n: 223 of 629 (35.5%) snowshoe hares of central
| Alberta.

Remarks: The present description differs slightly from tﬁe previous
| description of Pellérdy et a1. (1974) as follows: the
sporocyst is larger (11 to 18 compared to 9 to 10), and the
sporulation time is longer (6 days at 20C compared to "2 - 3
days at room temperature") Pellérdy et al. (1974) provide
no detai}s on the method of sporulation. The present descrip-
tion confirms the presence of a Stieda body;‘which was firsi ‘

. reported by Pellérdy et a1. (1974).

Eimeria ruficaudati 6111 and Ray 1960
| (Figures 3 18)

\

Type host: repus ruficaudetvs.
Other hosts: Lepus‘americenus;

Redescriptioﬁ:- Sporulated oocysts cylfndrfca]. micropyle distinct and
' ° - sunken slightly 1ntofoocyst wall, 3.6 to 6.0 (4.5 ¢ 0.1)
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wide; oocyst wall thicknesd about 1, cbnsisting of twd
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layers, the outer smooth and uniformly thick, being
sevéral times thicker_than the 1nner layer; 100
sporulated oocysts 22.8 to 38.4 (29.9 1.0.3) long and-
1 13.9 to 19.2 (17.5 £ 0.1) wide; polar grénule absent;
obcy;t'residuum compact, granular, and 2.4 to 5.8
(4.1 ¢ 0.6)/1n.diameter; sporocysts elongated spindle-
shaped bodies, tapering toward one end, 11.6 to 18.0
- (15.2 £ 0.2) Tong and 5.8 to 8.1 (6.6 + 0.1) wide; Stieda
body present as an indistinct 1ight refracting area at
the narrow end (not apparent in Figure 18, not shown in-
Figure 3); sporocyst residua d1fose and Qranular A
'sporbzdites with a\single refracti]e body posterior‘to

the nucleus.
Sporulation time: Most oocysts wefe sporulated after 6 days athOC.
» Range; India, Canada (Alberta),

Location in host: Not known, recovered. from fecal samples.
" Percentage infection: '101.of'629 (ISZJ%) snowshoe hares of central

Alberta.

"2 Remarks: This description provides measurements of the micropyle and the
sporocysts which are not provided by Gi11 and Ray (1960). The
oocyst width is incorrectly given by Gi11 and qu_(1950) as



Figure 3.',Sporu1ated oocyst of Eimeria ruficaudati

Figure 4. Sporulated bocyst of Eimeria townsendi
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12 to 15, with anvaveragejof 17.5, a value outside the Fange.
Gfll and Ray (1960) report the sporulation tﬂnéas 66 hours,
but the temperature at which material was sporulated was
28C. The djfference in temperature probably accounts for the
difference'in sporulation tihe. They also report the dis-
appearance of the sporocyst residua with "preservation”; the
sporocyst residua did not disapnear in material used in this
study Which had been stored for up to two years. A Stieda
body s reported for the ?1rst’time.1n this species.

' Eimeria townsendi (Carvalho 1943) Pellérdy 1956

(Figures 4, 10)

Synonyms: Eimeria.magna forma townsendi Carvalho 1956 pro parte; Eimeria -

magna Perard 1925 pro parte.
Type host: Lepﬁs townsendii.

‘Other hosts: Lepus'timidus, Lepus eurbpaeus, Lepus americanus, Lepus

californicus.

| Redescriptioh: Oocysts broadly ellipsofd or ovoid with a broaﬁ'micrppyle
from 4.8 to 7.27(516‘1 0.6) wide; oocyst wall cons%sting
of two layers, the outer yellowfsh‘f-broWn. finely
'grandlar; easily detached, about 1.4_th3ck, the inner
about 0.5 thick; 100 sporulated oocysts 36.0 to 49.2
(39.6 £ 0.2) Tong, and 19.2 to 24.0 (22.9 * 0.1) wide;

r
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polar granule absent; oocyst residuum absent; sporocysts
elongated spindle-shaped bodies tapering toward one end.‘_
16.8 to 20,4 (18.4 g 0.1) ]ong.'and 8.4 to 9.6 69.1 t
0.1) wide; Stieda body present as ahiindistinct lighp
refracting area at the\ngrrow end (not apparent in

" Figure 10, not shown in Figure 4); lérge'diffuse granular
sporocykt residua; sporo;oftes with a s1n§1e'refractable

body posterior to the nucleus.
| Sporulation time: Most oocysts were sporulated after 6 days at 20C.

"Range: Europg. North America.

Location in host:. "Unknown, although Pellérdy (1934) suggests the small

intestine.
-

Percentage infection: 314 of 629 (49.9%) snowshoe hares of central Alberta.

Remarks: This deséription differs from previous descriptions in that it
presents measurements for the mfcropy1e4and repbrts the
presence of a Stieda body. There are minor differences in the

width of thé oocyst and in sbofhlation time.

&

Eimeria athabascensis Sp. n.

(Fjgures 5, 16)

Type host: repus americanus.
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. Figure 5. Sporulated oocyst of Eimeria athabascensis

-

Figure 6. Sporﬁlated oocyst of Eimeria keithi
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Type locality:

‘30

Rochester, Alberta, Canada.

‘Description: Sporulated oocysts cylindricaj, micropyle absent; oocyst

wall thickness about 1, consisting of two layers, the outer
T . ,

smooth and‘un1formly thick, being several times thicker

; thanvthe inner layer; 100 sporulated oocysts 24.0 to 38.4

(33,8 t+ 0.3) Tong, and 13.2 to 16.8 (15.6 + 0.1) wide;
polar granulé absent; oocyst residuum compact, granular,
and 2.4 to 4.8 (3.5 140.1) in diameter; sporocysts efon-
gatg@ spindle-shaped bodies tapering toward one end, 12.0
to 18.0 (15;711 0.1) long and 6.0 to 7.6 (6.2 + 0.1) wide;
Stieda body present as an fndistinct 11ght refracting area
at thé'narrow_endr(not apparent in Figure 16, not shown

fn Figure 5); sporocyst résiduum absent; sporozoites with

a single refractile body posterior td'the nucleus.

- Sporulation time: Most cocysts were sporulated after 6 days at 20C.

Locat1qﬁ in host:

Unknown, recovered from feces.

Percentage infection: 156 6f_629 (24.8%) snowshoe hares of central Alberta.

»

Remarks: Eimaris athabaacunsis mos t close1y resembles E. leporis (cf.

Figures 2, 15) and F. raficaudati &f ngres 3, 18), but

K,
- lacks a sporocyst residuum and: a mﬁcropyle respectively. It

“also resembles B. neoloparis of Orgctolagus cuniculus (Table 7),

. but: the ooeyst of t nthabascansis is sma]Ier has a micropyle.

" and lacks 2 sporucyst residuum The specific epithet denotes
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+ the Athabasca River drainage of central Alberta (see Figure 1).

*

Eimeria keithi sp. n.

(Figures 6, 17)
Type host: Lepue americanus.
Type locality: Rochester, Alberta, Canada.

Description: Sporu]ated oocysts cyfindrical,'micropy]e‘distinct and sunken
"slightly into oocyst wall, 2.4 to 5.8 (4.9 + 0.1) wide; .
ooeyst wall thickness‘about 1.5, consisting of two 1ayefs,
the outer smooth and uniformly thick, being several times
thicker.than the inner layer; 100 spofU]ated oocysts 24.0
to 38.3 (32. 2 + 0.3) long, and 15.1 to 19.2 (16.9 + 0.1)
wfde, polar granu]e absent‘ oocyst . residuum compact,
'granu1ar, 2.4 to 7.0 (4 3+0.1) in diameter sporocysts
elongated spind]e-shaped bodies, tapering toward one end,
12.8 to 18.0 (14.9 » * 0.1) 1ong, and 5.8 to 7.2 (6.7 + 0.1)
. wiee; Syiede body present as an indistinct 1ighf refractihg
area at the narkow and (ﬁot shown in Figurels,.not apparent
‘1n Figure 17); sporocyst ;esiduum absent; sporozoites with

a sing]etrefractile;body posterior to the nucleus.
'Sporu]at1on time: Most oocysts were spofulated after 6 days‘at 20C.

Locafion_in host: Unkndwn, recovered from feces.
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Percentage infection: 54 of 629 (8.6%) snowshoe hares of central Alberta.

Remarks: Eimeria keithi most closely resembles E. ruficaudati, E. leporis,
| “and E. athabascensis 0f Lepus spp. and E. honessi of Sylvilagus
spp. (Table 7). However, it lacks the sporocyst residuum of
E. ruficaudati, and differs from E. 1epo}is aﬁd E. athabascensis
by possessing a distinct micropyle. It also differs from
E. leporis by not possessing sporocyst residua. It differs
from E: honessi in shape and size of the sporulated oocyst.
The specific epithet is in honour of Dr. L. B. Ketth whose

extensive studies of the population dynamics of snowshoe hares

are well known.

Eimeria holmesi Sp. N,

(Figures 7, 14)

Type host: Lepus americanus.
Type locality: -Rochester, Alberta, Canada.

' Déséript&dn: Sporulated oocysts.spherica1 or subspherical, hicropy]e

- absent; oocyst wall thickness ébout 1, consisting of
two layers, the outer smooth and uniformly_thiék§‘30-'
oocysts 13.2 to 18.6. (15.1 = 0.3) by 12.0 to 18.6 (14.8 =
0.3); polar granules abseht; ooéyst residuum small, tompact,

and granular; sporocysts e111p$o{d, tépering toward one "



Figure 7. Sporulated oocyst of Eimeria holmesi

Figure 8. Sporulated oocyst of Eimeria rochesterensis
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~end, 9.6 to 11.2 (10.4 + 0.1) long, and 4.8 to 6.1 (5.2 +
0.1) wide; Stieda body present as an indistinct 1ight

refracting area at the narrow end (not shown in Figure 7,
not apparent in Figﬁre 14); small, compact, granular
sporocyst residua present; sborozoites with a single

refractile body lateral or posterior to the nucleus.
~ Sporulation time: Most oocysts were sporulated aftér 6 déys ét 20C.
Location in host: Unknown, recovered from feces.
-Perqentagé 1nfection; 30 of 629'(4.8%) snowsﬂoe‘hares of centraj A]berta.

Remarks : Ei@erié holmesi most closely fesembles'both E. hungarica Pe]lérdy
| 1956, and E. puhj&bensis Gi11 and Ray 1960, but is geographi-
cally isolated frbm both, possesses a sporocyst resiéyuga)and
is smaller than E..punjabensis. The}epithet is in honour of

Dr. J. €. Holmes, we]l-known:parasitologist, of the University

|
of Alberta.

Eimeria rochesterensis Sp. n.

(Figurés 8, 13)
. Type h?)st:. Lepus americanus.
Typé locality:. Rochester. Alberta. Canada.

Description: Sporulafed oocysts c}iindrfcaI, M1cropy1e absent; oocyst :
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wall thickness about 1, consisting of two layers, the
outer smooth, uniformly thick; 30 oocysts 20.1 to 25.8
(22.8‘: 0.3) long, and 14.4 to 15.6 (14.4 + 0.1) wide;
polar granule absept; oocyst residuum compact, small,
and granu1ér; sporocysts elongated'sp1nd1e-shaped, taper-
ing toward one end, 10.4 to 12.8 (12.2 * 0.1) Tong, and:
5.8 to 7.0 (6.1 = 0.1)'w1dé; Stieda body present as an
indistinct 1igfft refractjng area at the narrow end (not
shoWh in Figij:’s,inot apparenf in Figure 13); comﬁact
" granular sporotystwresidue present; sporozoites with a
single refractile body posterior to the nucleus.
Spgru]ation time: Most oocysts were‘sporulated after 6 days at 20C.
’ L

LQcat1Qh in host:  Unknown, recovered from feces.
Percentage infection: 141 of 629 (22.4%) snowshoe hares of central Alberta.-

Remarks: Eimeria rochesterensis reselhb'tes E. leporis, E."atbdbgsvcensis,*
E. rowani, E,-rufié&udati.énd E. keithl Of'héresl(Lepus spp.)
and E. nagpurensis of OryctOIaguk (Tabl_e 7). It is Smaﬁer
in size than E. leporis and has SpOfocyst_residua:which are
‘small and compact as opposed to the large diffuse resfdua‘ofi
E. leporis. It‘is smaf1er in size tﬁaﬁix; atbgbgécebéis and -
has a'sporocyst.residuum. It Tacks the micfopylé,chargcteriétfc o

: of B. ruficaudati and 5. keithi. The presencé.of-the'oobys§ |

residuum differentiates it from £. nagpurensis. It differs



37
from 5. rowant by having residual bodies. The specific

epithet denotes the type locality.

-Eimeria rowani Sp. N.

(Figures 9, 12) :
Type host: Lepus americanus.
Type locality: Rochester, Alberta, Canada.

~ Description: Sporulated. oocysts cy11ndr1ca], ﬁicrobyle.absent;.ooqysﬁ

| wal]\ihickness about 1; consisting of two layers, the
outer smdoth, uniformiy thick; 30 oocysts 18.0 to 31.2

(22.1 £ 0.7) Tong, and 12.0 to 18.0 (15.8 & 0.2) wide;
polar granule absent; oocyst residuum absgnt; sporocySts
elongated spindle-shaped,bodjes, tapering toward one end,
10.8 to 16.8 (12.1 # 0.3) Tong, and 4.8 to 7.2 (6.0
10.1) wide; Stieda body present as an 1ndist1n§t light
refracting area at the narrow end (not shown 19 Figure 9,
not apparent in Figure 12); sporocyst residuum absent;
sporoiojtes with a single refracti1e body posterior to the

nucleus.
Sporulation time: Most oocy§ts were sporulated after 6 days at 20C.

3 Location in host: Unknbwh, recovered from feces.



“

Figure 9. Spbrulated oocyst of Eimeria rowani
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Figures 10 - 14.

o
a

- Photomicrographs of sporulated oocysts of Eimeria

spp. (or = oocyst residuum, sr =

residuum).

Figure 10.
Figure 11.
Figure 12.
Figure 13.
Figure 14.

Eimeria townsendi
Eimeria robertsoni
Eimeria rowani

sporocyst

Eimeria rochesterensis

Eime;ia holmesi

k]



41




Figures 15 - 18. Photomicﬂrographs.of sporulated oocysts of Eimeria
spp. (or = oocyst residuym, sr-= sporocyst
residuum).

Figure 15. FEimeria leporis
- Figure 16. Eimeria athabascensis
" Figure 17. Eimeria keithi

Figure 18. Eimeria ruficaudati
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Percentage infection: 68 of.629‘(10.8%) snowshoe hares of central Alberta.

Rémarks: Eimeria rowani resenb'les E. roahesterens.is, E. keithi, E.
ruficaudati, E. 1eporis and E. athabascensis of hares (Lepus
spp. ) and‘.E. nagpurensis of oryctolagus (Table 7). It differs
from B. rochesterensis by lacking both the; oocyst and sporocyst
’residua. It differs from E. kxeithi and E. ruficaudati by not
having a micropyle in addition to both types of residual bodies.
It differs from E. leporis by the absence‘of sporocysf and
- oocyst fesidua.'frqm E. athabascensis by the absence of the
oocyst residuum, and from E. nagpurensié by the absence of the
‘sporocyst residua, The specific epithet:.is in honour of the
1ate DfQ Nil]iam Rowan, well-known northern biologist and for-

- mer. Chairman of the Department of Zoology, Untversity of
Alberta

'['T_stgéisticAJ'Anaiysjs

» The species of Eimeria recovered from snowshoe hares in this study
‘\were p1aced into four groups based on size and shape of the oocysts. The

' ﬁf*groups are as. f011ows )

' | ’ GrOup I - E‘. mbertsoni and E. townsendi

Group II -'E. leporis, E. ruficaudati, E. keithi and
' ‘. H » 8. atbahucens.is,

Group III ~ E. rowani and E. rochesterensis, and;
Gmup Iv - s. bolmas.t.

 {H1th1n a group, species were distfhguished by the -presence or absence of
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a micropyle, oocyst‘residuum. and sporocyst residuum.

“ Groups I and IV are easily distinguished from each other and the
other groups: E. holmesi is Spherical and'sma]1 (about 14 in diameter);
E. townsendi and E. robertsoni are el]ipsoid or ovbid and Targe (about 40
long). Groups II and III are similar in shape, cy]indr1cal,,and i ter-
mediate in size between Groups I and IV Members of Group II are about
30 - 34 in 1ength whi]e Group IIT species are about 22 in length.

There are . distinct differences in morphology between and within
the species groups, except for E. leporis from Group I1 and E. rochesterensis
* from Group III, which are distinguished from each other only on the basis
of size. The six species in Groups II and 111 were subjected to a simp]e
"stat1stica1 analysis to determine if there were s1gn1f1cant size dif-
ferences which would support the designetjon of Spec1es based on presence-
or absence of.the morpho]dbical,characters used. .

The mean,‘standard deviation,‘and standerd5error of the mean for
oocyst v "dth, oocyst 1ength 'sporocyst width, andssporocystGIength are
presented in Tab]e 2 for all of the specaes observed in this study An
_ ana1ys1s of variance was done.on the four parameters for the species in
| Groups II and III (Table 3). The null hypothesis, that all of the
species‘ca@e from the same popu]ation was rejected;for'a11 four parameters,
and the alternate hypothesis, thatuat ]egst some of the species means are
different from eachfother uas accepted o . o

| The six’ spec1es of . Groups 11 and 111 were subjected to the New
Duncan Mu1t1p1e Ranqe Test (Buncan 1955) in order to identify which ﬂeans

were different. Differences were found in at least one, and usually two
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Mean, standard deviation, and standard errors
for oocyst length and width for the nine types
of oocysts designated as species in this study

- Standard Standard

8%

Mean Deviation Errnr
E. xrobertsoni OL* 41.326 4.319 -432
oW* 22.500 1.390 .139
"8L* 20.928 1.879 .188
' SW* B.028 .631 . 063
E.  townsendi OL  39.588 2.154 .215
oW 22.884 -840 .084
8L 18.360 .911 .091
sW 9.100 .581 .058
Group II:
E- %eggria . OL  32.133 3.060 .306
n=100) oW  15.550 .770 077
: 'SL-  14.440 1.457 . 146
: SW ° 6.260 -479 . 048
E. athabascensis oL 33.778 2.667 .267
oW 15.600 . 818 .082
15.144 1.227 <123
C SW 6.220 .474 . 047
E. ruficaudati oL - '29.938 3.043 .304
: oW '17.510. 1.210 .121
8L  15.220 1.634 .164
: - SW 6.592 .630 -063
E. keithi oL  32.190 2.999 .299
ow 16.902 1.042 .104
-SL 14.913 1.018 .102
SW 6.675 -474 .047
E. rowani oL 22.040 4.054 <740
' oW - 15.800 1.264 - 231
8L 12.120 l.618 . 295
:  8W = 6.040° - . .384 .070
E. rochesterensis OL = 22,830  ~ 1.545 . .282
oW 14.440 - «219 .040
-8L  12.240 . 686 .125°
sW 6.080. .516 . 094
- Group 1v: v - . B
E. holmsei ' OL "15.140 . 1.566 . 286
QW 14.760. 1.512 +276
SL -10.360 .725 <132
5.200 .397 .072.

* OL = cocyst:.length; OW -'oocy-t:widthr
SL = sporocyst length; SW = sporocyst width,

46
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:or more, of the four parameters tested for each of the possible permuta-
tions of the six species (Figure 19)." Group 1I species differed from |
6roup III species in at least two parameters oocyst length and sporocyst‘.
length for all combinations. The oocyst and sporocyst lengths of
E./ leporis from Group II and =. rochesterensis from Group III, two species
" that are morphologically similar, were significantly different (P = 0. 01)
'Hithin Group II there are significant differences in at least two param-
eters for each combination of two species. Hithin Grouo III,

B. rochesterentis and E. rowani differ significantly in oocyst width. In
summary, there are signifi;ant size differenceslbetWeen the six species
~in Groups”II.aﬂd IIT as weii as morpho]ogicai.differences'which.strengthens

their identity as species. . o ,
- Key to Species

{The majbr features ofiaii species of éimeria‘reported‘from the

_ genus Lepus afe pfesented in»TabIe 4. A totql of 19 species.ofiéimeria
from eigﬁt speeies of ﬁeégs is recognized. Based on previously pubiished
déstriptions and those in the present,study, a key to the sbecies of

' Eimeria found in bépus is provided.

Key To Species of Eimaria.

¥

Parasitizing Members Of The Genus Lepus -

"10 oocysts Spherfca] o'.-ot.o.o,coceo" 2

Q{sts cylindrical, or ovofd to | »
lipsoid e st e s e s c e 5



Figure 19. Differences between oocyst and sporocyst lengths and widths
of six species in Groups II and III as determined by the
- New Duncan Multiple Range Test. Symbols OL, OW, SL and SW
a indicate significant differences at P < 0.01. (OL = oocyst
2 ~ length, OW = oocyst width, SL = sporocyst length, SW =
sporocyst width) - : . ; , _




rowani

rochesterensis

ruficaudati

leporis

keithi
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SL |
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SWISL SWI|SL SwW -
oL oL OL ow|OoL ow
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5.

8..

‘10.

| 12.

1.

Oocysts with micropyle present . . . . ..
oocysts with micropyle absent . . . . . .

Oocyst with well- defined oocyst residuum
and sporocyst residuum . . . J .. . ..

oocyst with well- defined oocyst residuum,
but without a sporocyst residuum . . .

Oocysts greater than 19 in diameter N

oocysts less than 16 in diameter . . . . .

Oocysts cyiindrical e e et e e e e e e e

oocysts ovoid or ellipsoid . . ... ..
Oocysts with micropyle present e e e

oocysts with micropyle absent c e e e

“Oocyst residuum present, sporocyst
res{duum: absent e e e .t e e e e ee s

' oocyst residuum present, sporocyst
residuum present . . . . . .0 .. .

Oocyst residuum present . . ¢« ¢ ¢ v e v e w .
oocyst residuum absent . .‘. .. ; o e
Sporocyst‘residdum presenﬂr N
sporocyst residuum absent . . . . . .. . .

Oocyst greater than 26 in length ". . . . . . .

oocyst less than 26 in Tength e e e e s

Micropyle present, oocyst- residuum :

present *® e o & o e e & ° s 0o e o e 0 o . e

mdcropyle present, oocyst residuum
absent L] » L] L] [} L ] 0 . 0 L] . . L ] L] .0 *

Sporocyst residua present c s e s e e s

“sporocyst residua absent ch e e se e s

13

-.83

E. septentrionalis

3

E. holmesi

E. punjabensis
E. hungarica
6
n
7
8
E .. /Zei thi
E. ruficaudati’
. ,
E. rowani
10
E. athabascensis

E. leporis

EB. rochesterensis

12

15

E.robertsoﬂi!
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14,

15.
16.

17.

18.

r

Oocyst length greater than 8§ . . . . .
oocyst length less than 50 . . . . . .

Odcyst length less than 50, and greater
than 34, oocyst residua dispersed

within the oocyst . . ... . ... 4

oocyst length less than 34, oocyst

residua compact . . .. ... ...

Oocysts found in bile ducts . . . .. ..

oocysts not found in bile ducts . . .

Oocyst length greater than 32 . ., . . .

oocyst length less than 32 . . . . . . .

Outer oocyst wall smooth . . . . . . . .

outer oocyst wall granular or
pitted . . . . .. .. 0 .. ..

Outer oocyst wall granular on micropyTar
half only . . ..

L] LI T Y ¢ e . e . e

- outer oocyst wall granular over entire
s urface . L] * [ ] ' . . » » - L] . L) . L ]

:
¢

E.
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. Stefanski

amerlcana

. europea

's tiedai

bel orussica

townsendi

semisculpta

sculpta

A table summarizfng the known Lepus - Ei@eria.associations is

also proyided (Table 5). It is 1ikely the hosts with the highest numbers

of Eimeria, L. ameiit:anus,_ L. europaeus, L. timidus, and L. townsendii,

have: been studied more intensively.

Host Specificity and Phyldgeny '

Cross-transmission experiments between three genera (Lepus,

Oryctolagus, and Sylvilagus) of the Leporfdae have‘beén conducted using

22 species of rimeria (Table 6). Success has been mixed with only six

species of simeria~hav1ng”bgenltransférred successfully. Five,

< ‘/)\\)
(2
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Table S. A checklist of the Eimeria spp. reported
. from lepus spp.

He ol

Lepus
[
o v /
9 ol % . TYota 1.
‘@ e 5 rg m -g No.
| ol 8 @l  w 3 o| Hosts
S - I -
of 4t u 4 g 4 3 Eimeria
¢ g e i v o (V1 B | V] s |
E. americana E . + 1
E. athabascensis + 1
E. belorussica + + .2
E. europaea . + 1
E. holmesi + 1
E. hungarica + + .2
E. keithi + * 1
E. leporis + + + 4+ o+ o+ 4+ 7
E. punjabensis . + 1
E. xobertsoni + 4+ + + + + + 7
E. rochesterensis + ' 1
E. rowani + 1
E. ruficaudati + + 2
E. sculpta + _ + 2
E. semisculpta + + + + 4
E. septentrionalis o+ + + 3
stefanski + : 1
stiedai . o+ + + 3
. townsendi + -+ + + + 5
Total no. "9 5 4 9 4 7 1 7

* from measurements and photographs in Henry 1932 -
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i

E. irresidua, E. magna, E. media, E. perforans, and E. stiedai, were

transmitted to sylvilagus from oryctolagus, while two, E. media and

E. neoleporis, were established in oryctolagus from syivilagus. There are

no géports of successful transmissions of Eimeria between Lepus and

N
N

Sylvilagus. There is only one reliable report. of successful transmission
of a species of Eimeria, E. stiedai, from Oryctolagus to repus (Donciu
et al. 1968; see Table 6). '

The reports of transmission of s. stiedai, E. media, and E. magna
between repus and Oryctolagus in an abstract by Burgaz 1973) must be
viewed withxcaution. E. media is an unlikely parasite of the genus repus
(Levjne and Ivens 1972), and the presence of oocysts of E. stiedai, which
has a prepatent period of 16 days (Pellérdy 1974), in an1ma]s 1 days
post inoculation must be 1nterpreted as due to prior infection, or a
misident1f1cation. Burgaz (1973) did not give particulars relating to
identification of species, nor did she give the details of procedures
fo]lowed td ensure that animals. were not infected prior to exposure or did
not.gecbme infected during the course of the experiment. Since the

descriptions of z. media, E. magna, E. robertsoni, and E. europea are

similar (the first two are known from oryctolagus and sylvilagus, and the

Jast two from Lepus), it is possible that Burgaz (1973) may have mis-
1dent1fied her material. 4

A In summary, six species (15 attempts with 13 species) of Eimeria
' ‘have been transmitted between !he genus sylvilagus and the genus
oryctolagus, N0 species (7 attempts with 7 species) have been transmitted
from Lepus to Sylvilagus, and one (28 attempts with 17 species) has been .

B

i

S

e
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Summary of cross, transmission experlments w;th,

Eimeria spp. of the Order Lagomorpha

Species
- of
Eimeria

Transmission (sporulated ococysts)

Donor Recipient Result

~ Source

s

w1l

It e

It

I

Imimim

|M|PU|!'J

{11 ]

irresidua

americana

environ

. europaea

honessi

hungarica

leporis
magna

maior
minima
media

necleporis
paulistana

perforans

glhtoensis

glrlformlg
'@

s *;,,a‘

}robertsoni

scﬁlg£a L"'

PRNHWUNAREVUNUNUNOVWNEDOUUVIUINNWNVVINWANOU NN ® D B

COMOMUROURNUNIWUROVENVDLVINNWEDRUUNENUEUUINVN OV D W

+ v 01

LACLINE T I T R O LI I TR IR I :,t4-+'x 11+ +4+1 1111

Carvalho 1943

Carvalho 1943

- Carvalho 1943
“Carvalho 1943

Pellerdy 1956
Pastuszko 1961b
Pellerdy 1956

Pellerdy 1956
Carvalho 1943
Burgaz 1973

. Pastuszko 1961b

Carvalho 1943
Pellerdy 1956
Nieschulz 1923
Burgaz 1973

Pellerdy 1956 -

Pastuszko 1961b

.Becker 1933

Carvalho 1943

‘Burgaz 1973

Pellerdy 1956
Carvalho 1943
Carvalho 1943
Carvalho 1943
Carvalho 1943
Burgaz 1973

pellerdy 1956
. Carvalho 1943

daFonesca 1933
Carvalho 1943
Pellerdy 1956
Burgaz 1973 ‘
daFonesca 1932
Burgaz 1973
Pellerdy 1956
Carvalho 1943
Carvalho 1943
Pellerdy 1956

Burgaz 1973
s ¢
pastuszko 1961b

Carvalho 1943

Carvalho 1943
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Tabie‘S_(continued)

':ééécieE” Transmission (sporulated oocysts)
B " . of N\' - ‘ -
EiﬂQEAQI ~ Donor Recipient Result Source

Carvalho 1943
Carvalho 1943
Pellerdy 1956
Burgaz 1973

E. semisculpta

b

it

-4 5
4 8
2 5.
3 -5 -
. B 2 5 - Pastuszko 1961b
E. septentrionalis . 4 5 - Carvalho 1943
S ‘ 4 8 - Carvalho 1943
. stefanskii L2 5 - Pastuszko 1961b
. stiedai 5 6 + Jankiewcz 1941
\ -5 2 + Donciu et al. 1968
. y ‘5 3 +* Burgaz 1973
E. townsendi 4 - - Carvalho 1943
S 4 8 - Carvalho 1943
2 5 - Pellerdy 1956
2 3 - Pastuszko 1961b
% Reports by Burgaz are not verified - see text pP.
¢ -Samoil and Samuel unpub. M.Sc. - see App. I
1 = lepus americanus
' 2 = Lepus europaeus
3 = lepus timidus :
4 = Lepus townsendii ) -
- 5= Oryctolagus cuniculus
-6 = Sylvilaqus audubonii
7 = Sylvilaqus brasiliensis -
8 = Sylvilagqus floridanus

-
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transmitted betwéen Ory&tolagus and Lepus. All of this suggests that, -
based on results of cross-transmission studies, the‘genera Orgctolégus and
' Sylvilagus are more closely re]aced fo each other than they are to the
genus Lepus.
" In an attempt to determine whether there is any structural
character Qr group.df characters which might be used tocd‘fferentda the‘
oocysts of Eimeria between host genera *- *he Leporidae, the knoﬁh
structural characters of the oocys. ot . ‘vilagus and oryctolagus

(Table 7) were compared with those f Lepu- (Table 4). The results are

Y

summarized in Table 8; there are no « " cut chai acters Bf oocysts of
» meria that connect one genus more closely with another. These charac-.
Lers were fhén symmérized for the leporidae (Table 8) and compareg-ﬁith
the eimerian features of the Qchbtonjdae, Rodehtia, and Artiodactyla
(Tab]e 9) in order to determine whether one can use structural characters
of the Eime;i& to differentiate host taxa. 7

The Eimeria of the Leporidae generally have a;midropy]e,(;GZ),
never have a ﬁicropy]ar_cap, and usually lack a pqla;,body (98%). They
may (56%)'have an_ogcyst'réSiduum,.usqa]]y have a sporocyst Stieda body
: (§42)~and a sporocyst residuum (65%).v In coﬁgéést, the Eimeria of the
:'Oghgtonidae may’have'a micropyle (57%), ﬁd;:have a polar body (50%), and,
~ 1ike the Leporidae, never have a m1crop;1af cap. They qsdal]y lack an
;foocyst residuum (79%); have a sporocyst residuum (79%), and a Stieda bde
'ﬁas been observed in all the species in which 1t has beéh'looked for
(Hobbs and Samuel 1974). Thus, the Eimeria 6f the Ochotonidae differ

from those of the Leporidae in the frequency of occurrence of a micropyle,
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polar body, and oocyst residuum. )

Ali of the species of coccidia found in the Leporidae belong
to the genus Eimeria, while two species of Isospora as well as 14 species
of Eimeria (Hobbs and Samuel 19%5) hgve been found in the Ochotonidae.

The Eimeria of the Artiodactyla tend to have a micropyle (72%),
lack a micropylar cap (77%). and a polar body may be present (53%). They
usual]y lack an oocyst residuum (90%) but have a sporocyst residuum (84%)
and a sporocyst Stieda body (73%). There is some varfation in this
pattern at the'fam11y level. The Eimeria of the Cervidae usua11y lack an
oocyst polar body (70%) and a micropylar cap (96%), whereas the Bovidae
- tend #d have a polar bedy (60%) (Table'9). The general absence of an
oqcyst residuum would appear to be a major differentiating character
spearating the Eimeria of leporids and artiodactyis. Based 6ndthe
characters analysed, there 1s»avgreat déST of similarity in the coccidia
of the ochotonids and fhe artiodactyls.
| The Eimeria of the Rodentia have characters markedly different
‘@.-from the other gr&ups discussed previous?y - They usually lack a micropy]e

f-(82i) and a micropy1ar cap (99%), and have an oocyst polar body (57%).
’They usuaIIyVTacﬁ an oocyst residuum (65%), may have a sporocyst St1eda
;Iétody "#60%), and u;ua11y have a sporocyst residuum (89%) (Table 9).

In summary, there is much variability .in presence or absence of
maJOr structural char&éins&of oocysts of major taxa, be they genera of
Ieporids or orders of manmals Thereare,no clear cut relationships of
the genera within the leporids or of all genera within the lagomorphs

: based-only on presence or absence of major characters of oocysts. The

Iy
.
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Eimeria spp. of lagomorphs can be differentiated generally from those
of rodents because they possess a micropyle and lack a polar body. They
can be distinguished from rimeria spp. of the artiodactyls by the absence

of a micropylar cap and polar body.
Discussion

The snowshoe hare, Lepus americanus, is one of 45 species of the
Lagomorpha and one of three species of the Leporidae in Alberta (Soper
1964). It is sympatric wfth species of the two f;milies in the order:
Ochotona princeps (0choton1dae) and Lepus townsendii (Leporidae), but does
'Kfporidae) (Soper 1964).

The family Leporidae containsteight genera (Layne 1967):

not overlap w1th Sylvilagus nuttalliif

Pentalagus on Ryukyu Island, Caprolagus and Nesolagus in Asia, Pronolagus
in South Africa, Roée:olagus in Central Mexico! Sylvilagus in North and
- South America, oryctolagus in Europe, North Africa, Australia,* and
New Zealand, and repus in Europe, Asfa. Africa, and North America. The
most successful genera are Leéué, Oryctolagus, and Sylvilagus.

| Phylogenies of the 1epor1ds and 1agomorphs have beeh presented
by Hibbard (1963) and Gureev (1964) respective]y Hibbard's (1963) 'scheme
was based on tooth developmenta] patterns; his analysis suggested that
Lepus, Oryctplggus,icaprglagus, and sylvilagus were in the same group, all
derived‘fromva prO—Sylv;;egus stock (figure 3 of Hibbar& T963); ‘In addi-
tion.-Lepué_and Oryctolagus were considered to be more closely related to

each other than to Sylvilagus.

*introduced
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Gureev's (1964) scheme was based on morphoTogica]. physiological,
and ecological details récorded for the ldgqmorphs. The family Leporidae
was divided into a number of subfamilies. one of which, the Leporinae,
contained five tribeé. A11 the recént genera of the leporids weré placed
in the tribes Pentalgini;.OryctOIagini (sylvilagus and oryctolagus), ahd
Leporini (Lepus).
 An attempt.was made to ana1}ze data of this study and that pub-
l1sh§g previously on lagomorph caccidia and 1jfe history in ordef to con-
- firmiér refute the suggégﬁéﬁ phy]ogénies. Most evidence seems to support
the scheme of Gureev. .ﬁesults of crbssitransmission“studies (Table 6)
suggest that sylvilagus and Oryctolagus are more c]Oée]y re]ate& to each
other‘than to Lepus. Other biological evidence is less c]ear but tends
to support“this conclusion as well. For examp]e,.Matthey (1973) and Hsu |
and Benifschke (1967, 1970, 1971) reported that the diploid chromosome num-
ber (ZN) for nine species of Lepus waS 48iand for thé one species of .
Oryctolagus, 44. Three species of sylvilagus have a diploid number of
42; one'species,,48; and one, 52.A Unfortunately, 1psuff1c1ent 1nformation /
was given to determine whether or not the fundamentai number (FN) of ’*"
Sylvilagus is constant. A1l species of Sylvilagus used in cross-
transmission experiments of coccidia for which the chromosome number is
known have a 2N of 42. | |
Matthéy (1973) presented evidence to'suggest that the direction
of evolution 1s‘toward smaller 2N numbers. Accordiﬁg to Gureev's scheme,

~———

Lepus, which has a higher chromosome number thar sylvilagus and oryctolagus,

o
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fs in a tribe which arose {n the late miocene while the other two beiong
&%o a tribe which arose in the early p]iocene
Theré 1s a]so evidence from the 1ife historv of members of these
three geénera uhich suggest that Oryctolagus and Sylvilagus are more closely
related to each other than to Lepus. Members of the genus Oryctolaqus
_excavate extensive communal burrow systems (Layne 1967) One species of
Sylvilagus, S. idahoensis, excavates ts own burrows (Hall and Kelson 1959),
while the majority"of the sbecieshuti]ize abandoned burrows of other
onimafs (Hall and'Keison 1959). Members of the genus Lepus do not otilize
burrows blit will hide or rest in brush piles, dense grass, or noody areas
(Banfield 1967) or use "forms", which are depr9551ons in the soil ¢
- vegetation made by the-animal (Layne 1967). .
The young of oryctolagus and.sglgilagus arevprecociai and born
in a fur-lined nest prepared by the female (Lord 1963), while the young
of Lepus are altricial and born on the ground (Hall and Kelson 1959, Layne
‘1967, RongstoézandvTester 1971). The gestation period for Sylvilagus 1s
26 to 30 days. (average 28) oryctolagus, 28 to 35 days (average 30) and
Leéus; 30‘to 47 days (average 38) (Layne 1967). These data, along with
results of cross-transmission studies with coccidia, suggest that Sylvilagqs» '
and Orgctolagus are more ciosely,related to each other than they are to |
' Lepus, this supports the scheme of relationships proposed by Gureey (1964)
_ Structural components of the oocysts of simeria from these host genera
do not strengthen or weaken Gureev's scheme |
If host-parasite information is useful as ‘an indicator of

phylogenetic relationships within a particuiar group of closely related

-
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animals such as the leporids, perhaps pdrasito]ogica1 evidence can be
used to show relationships between higher taxa. Historically, the
Tagomorphs were considered to be closely related to rodents and were
placed within the suborder Duplicidentata in the order' Rodentia, but
Gidley (1912) placed the Duplicidentata in an independent order, th.
Lagomorpha. He suggested that the two criteria by wﬁich the légomorphs
had been Tinked to fhe Rodentia, similar development of,sca]priformAin-
cisors and similarities 1nhmorpholpgy of the brain and repr: “ictive system,
were outweighed by the anatomica] differgnces séen in the skull and feet.
Gfdley, when speculating on the origin of the lagomorohs, pointed vut a
nutber of characters in which they pafalleled the higher ungulates: the
broéd palate, the manner of chewing on one side at a time with a lateral
motion of the jaw, upper chéek~teeth wider than the lower ones, and simi-
lar mod1f1c$tionsof the 1imbs and feet. Gidley suggested that: «

-“These'chafacters, while perhaps in no way denoting

relationships to the higher ungulates, nevertheless

indicate an advance in general development beyond the

Rodentia which mark the latter as the more primitive
" order." ' ‘

Moody et al. (1949) suggested that lagomorphs wefé séroiogitally more
“similar to artiodactyls tﬁén rodents, on the basis bf serologfééi'tests.

- An examinatfoﬁ Qf the’Structural chaﬁacterisiics of Eimeria from.
rodents, artiodacty]s,aﬁd'lagdmorphs»does not}reveal aﬁy c1ear'cqt‘ 
re]gf!ohships. The si@erié of tﬁe dchotonidae‘appear to be more similar
- fé those of rodggts‘and artiodactylsithan to,those of the:Leboridé;. The
eimefiqns of the Leporiaae show stmilaritfes with the Eimeria of both the
rOdenfs and artiodactyls. Thus;'wﬁi]e;host-parasite relationships of

£

‘ ' .

-
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coccidia may aid in sorting out relationships within a family, they do

not seem to be valuable in indicating affinities to other higher taxa.



V. ECOLOGY

Introduction

The‘hostfparasite re]atipnship as defined by Sprent (i963) (see
page 3 of this thesis) is influenced by both the external and internal
gnvironment Accordiﬁg to Sprent, the e;ternal environment is "the arena
where the struggle for survival is enacted", and the internal environment
fs "the arena where the strugg]e betweer. *t» host and para m enacted".

‘ Tﬁg components of the external environment, which may play a

\ role in the survival of coccidian oocysts have largely been ignored.
However, Kheysin (1967) reviewed two important components, temperature and
humidity. and 1nd1cated that most oocysts sporu1ate within a range of 10
to 30C, and that the rate of sporogony 1ncrease or decrease with para]]e]
changes 1n‘temperature. Becker and Crouch (1931) found that . magna and
E. perforans of 0. cuniculus on]y_sporulated between 10 and 36C, and that

" exposure for short periods of time (10 miﬁetes) to temperatures above 50C
resulted ir immediate death of the oocysts.

Although nb oocysts of any species of rimeria are known to \\
sporulaté at temperatures Tess ihen 10C (Kheysin 1967), they have been
shown to remain'yiabTe'fdr long periods of time at low temperatures.

'Hagan (1958), for example, found fhat oocysts of E. stiedai, storéd for
3.5 to 4.5 years af 5C in physfelogica? saline solution; were capable of
sporulating at rqu‘tempEratugg.a»Herver, ;here was a critical Tow
temperature; all oocysts of the same species (E.‘seiedai) were killed

'Tguick1y at 356 to -15C. 1KHeysin.(196i) cited other studfes which indieatedA

.o
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" that temperatures below 0C were Jetrimental to oocyst survival,

The highest rates of oocyst survival occur under conditions of
satq?ated'humidity {Kheysin 1967), which 1is also,refated to temperature
(Strahler 1965). The summary of Kheysin's review.(1967) on the conbined
effects of moisture and temperature on oocyst survival ai  :porulation is g
that, under conditions of ]es§a}han 100% rela*..e humidity, tne sporula-
tion times of oocysts increase and the viabili., of sporuiated oocysts
decreases. | )

There are a number of components of the intérnal environment
which may affect toccidian infections. The most 1npontant ones are the
combined etfects of stress and immunity (see Esch et al. 1975, and Sprent
1963 for a discussion of these factors in relation to all host-parasite
relationships). Natural or acquired immunity may result in a decreased
oocyst output and a shorten patent period (Rdse 1973). Stressons such as
temperature, diet, and host density may affect the host directly or |
1nd1rect1y by eeting on the immUne\system thfough 1ncreased adrenocortical
activity (Esch et a1. 1975).  The resulting productlon of corticostero1ds
may act to depress or abolish existing immunity to coccidian 1nfect1ons

. In summary, there is likely a complex interaction of factors from
the external and internal environments whichfmay affect coccidtan infec-
“tions in the snowshoe hare. ’In the present study, se]ected'féctors were
examined that may dvrectly or indirectly influence populations of eimerians
in hares. Seasonal. patterns of prevalence and 1ntensity and re1ationsh1ps
between age and sex of the host and oocyst output may reflect changes in

—various stressor inputs. The major overall object1ve was to clarify the
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contributions of these factors to the epizootiology n+ coccidian infec-
tions. Detailed rates of the aéquisition of - cidia by neonatal snowshoe
hares were.al$o collected in order to evaluate the importapce of coccidiosis

as a factor in juvenile mortality and the cyclic nature of the host.

Results - . ..

The prevalence and mean 1nten51ty of the 9 Species of Eimeria
observed in the feces of 629 snowshoe. hares are given in Table 10. Most
3(78%) of the animals were infected w1th one or more species of Eimeria.
Generally, the’mqst and least preya]ent species were also the most and . ,/”';'
least abuhdaht (or'numefous); respective]y There were 111 animals (17.6%)
infected with only one species, 142 (22 6%) w1th two 114 (18.3%) with

, three.~8| (12.9%) with four, 31 (4.9%) with five, 12 (1.9%) with six, and
1 (0. 2%) with seven species There were no animals infected with more
| ~ than seven spec1es
Age

Several aspects of the "1nterna1.env1ronment" were examined.
The're1ationship'be;ween age and oocyst output was used as a possible
| - measure of the effeetiveness_of the_host‘ﬁjimmune resbohse to species of
Bimer;a.. Linear regressiohé of YOQ]Oﬂoocyst couhts on age in days were
as follows: E. ruf!caudati Y = 3.20 - 0.0021X, r = -0. 42, P < 0. 001)

B. keite;,(Y = 3, 21 - 0 OOZTX r= -0 38, P<O. 002); E. robertsoni

‘(Y = 3,08 - 0. 00081X r= -O 24 P <o. onl); k. townsendi (Y 3.07 -

10.00073X, r =_-0. 22, P < 0. om), E. leporis (Y = 3.09 -0, oooesx
. , o

,5‘ ,
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r=-0.31, P < 0.001); E. athabascensis (Y = 2.98 - 0.00079X r o= &0, é4
P < 0.001); E. rochesterensis (Y = 2 68 - 0.00082X, r = -0, 27 P < 0.001); =
E. rowani (Y # 2.1500 - 0.0003X, r = 0. 13, P > 0.1); and £. holmesi

(Y = 2.4506 - 0.0005X, r = -0.16, P > 0.2).

*

Season and Sex

The sex of the animal may influence "internal environment"

A\

at certain times of the year During the b 5 .eason there are

lnumerous physiological changes which may aite._ ie internal environment ‘

of males and females in different ways.' To examine tgeffect of sex of
the animal on oocyst output, an ana]ysis of variance W done, correcting :
~for host age (Tabie 1). Age as was shown before was the mos: important
‘-factor for seven speci\s\ﬂ‘The sex of the animai d1d not affect oocyst
output swgnificantiy fog any speCies As a consequence all 5ubsequent
-anaiyses will consider both sekes together.
The analysis of covariance also showed that season effects were
important for five spec.es, four of which (E. leporis, E. athabascensis,
E. robertsoni and E. townsendl) also had significant age effects The
‘ fifth species E. rowani, shoWed no age reiationship to oocyst output
Because of the significant effects of host age on oocyst output,
the effects of seasonai changes were examined within three age classes.
Animals were ciassed as either Juveniie (ess than one year o01d), '
.yearling (one to two years obd). or adult (over two years oid) on the
basts of their lens weights. |
The nean number of species (species ‘richness) per season for the

\ i‘ o ‘].

N
N,

\



74

i e w : | . H,ucmo«ﬁ:mﬁ»oc - SN &
. . , ) ,mwmwmumuumm ut mUQMUﬁuwcmﬁw mM¢H0>od_£uﬁ3 OoT3I®X J %
(sN)ges T ‘ ,<«mmzvamwnﬂ b (100°0) 500 % . (100°0) 9zz L1 , . Tpussumoy
(sMyzLoto - ‘uMMWKmmummwwH | | (SN)08L"0 (T00°0)€60°0z * y3epnestna
(SN)s£8°T Mozeero (so-0)9ee'z  (smwpzTr . Tuesox.
(sN)szz-o .,ﬁmmwwhmzvouw.o - (sN)vB9°z ﬁaoo.ovwwm.aa |, sTsusaeseyox -
(SN) 060" £ (SNLp00 0 - .wwwmwwwaﬂ.v (100°0)0SL°¥T  Tuoszsqox mWWm
(sMmoec't - (smforto (1000¥ess s (100-0) 5592 " ewaoder [
(sN)oez T (SN) pLT0 - (SN L9ZIT (500°0)T96°8 o ._w:wﬁmx_ :
¥ (sN)860°T (SNY6T0°0 (sN)v99'0 owszmmm.o . _ ammswosm
L (SN) ez "0 CsmetecT (T00°0)€LZ°9  ,(100°0)0S9°TT w s¥suC. seqey3e w,
%93 - uoseas - X985 . ,A:Qwrw Y A | mmumeﬁm wc
193Ul Aem - 7z - 8309333 utey @ . 93BTIRAOD : moﬂUﬁmm,

v mar . : : m—

93eTIRPAOCD ay3 se (siep

‘GW? abe vcmwwwanmﬂnm>,uawwcm&mvcﬁ vnm ge wi%ucm uosess !alqeriea juspuadap , _ \-.l
4 343 s® 3ndino 384000 Y3z IM oUeTIRAOCD JO mﬁwxamcm,cm JO s3TNnsadX jo Ageumms “11 °1qel ..
’ . a,.. iRty -WH ’
-~ T )



¥

-

Yence and neanpgntensity for

&¥ident trends fé? indiyfdual_species.

. . 75
three different age c]asses is plotted in Figure 20. Spegdes righness
peaked for a]l age classes in the summer and declined through fall,
winter, and spr1ng oTheWpeak for, Juveniles which were born from May to
July, came 1n the late summer an; early fa]] whereas adu]ts and yearlings

e

peaked in the early summer. T aef\

i .
kN "

mqeg variab111ty 1n data on preva-'

5 pLIe

6?&. p]otted for each host age class

over time (Figures: 21 and 22). However the maan 1ntens1ty in jd@eniles,
";. as. expected from previous aﬁ%ﬂy&%s was often higher than 1n vearlings and
J‘,aéghts particular]y for abundant speci#s in 1ate summeny Although stotal

4

.

oocyst output (P1qure Z;i/paraIIe]ed species rfchness, there were no

. L e -
v | YA

Rate of Acqoisition and Host Densfty iy

4

qa!?'e rate i acqu1s1tion o "evia)spp hy neonatal hares‘as ;
revealed by the presence and output of oocysts in the feces. is summarized
in Tables 12 and 13. A1l nine species were recovered from feces of hares ’
approximately one week old, although 1ntensit1es and prevalences var1ed

. The cyclic . nature of hare populations 1n centra1 A]berta has been
repet1t1ve and re]atfve]y 1nvar1ab1e (Ketth 1974) During the study,
hares were in a steep dec]inelphase, havfnq peaked in “the fall of. 1970
and then declined drastically t5 the fall of 1972 (1,120 hares per kn’
in November 1970 to 150 per km2 in 1972) (Keith 1974) An examfnation of

the seasonal prevalence and intensity data for the species of Eimeria

‘-t (Figures 21 and 22) observed 1n this study fail to supply any evidence
. Jthat COCCidian 1nfections are affected by host densities although 1t

f
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Figure 20.
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Seasqnal pattems of species richness (mean number ‘of species

per host) in the three age classes, juvenile (
hares. CoWection periods are

]=May1-MaylS 1971

<2 = May 16 - July 15,

-3 = July 16 - August 31‘ 1971 :

4 = September 1 -' October 31, 1971

=& = November 1, 1971 - March 31, 1972

6 = April 1 - May 15, 1972
7 = May 16 - July 15, 1972
g = July 16 - August 31, 1972 ¢

) ,year}jng ( --6--), and adult ( —#— ), of snows.hoe‘ ‘
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Seasonal batiéf‘ns of per cefit pre'valrencve of Eimeria spp. in
theé three age classes, juvenile ( ...g-— ), yearling

{ ==-0-- ), and adult | —#%—1), of snowshoe hares.’
- Collection periods are as listed in Figure 20.
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Figure 22. Se:-nnal patterns of mean 1ntensivty (1og,, number of oocysts
per gram of feces) in the three age c]asggs, Juvenile
—wao— ), yearling ( --©-- ), and adults ( —#— ).
of snowshoe hares. Collection periods are ljisted in Figure 20.
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Table 12. Per cent prevalence of Eimeria Spp.
hares from 1 to 8 weeks of age

in snowshoe

98

Species of

Age of snowshoe hares
(in weeks)

Eimeria
= 1. 2 3 4 5 6 7 g
n*= 82 0 15 19. 24 17 14 o
athabascensis 27 - 13 26 . 38 35 29 78
holmesi ',‘ 4 - 0 0 0 4 o o
keithi 4 20 21 25 6 7 44
leporis 32 - 20 a2 50 53 64 22
robertsoni 24 - 0 21 42 47 36 78
rochesterensis ' 20\ - 13 16 33 41 43 33
rowani | 12 0O 16 4 24 o 22
ruficaudatsi 12 -7 26 29 41 36 11
townsendi M3 - 0 21 s0 53 79 56

* no. of hares examined
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must be pointed out that the data in this study only cover a sixteen-

&
month period. «

Discussion

Some of the factors of the "external” and "internal" environments
~which have been shown to modify coccidian infections in other 1agomorpH§
are apparently operative on infections in snowshoe hares. Data in this
study confirm the resu]ts.of previous studies (Bull 1958, Mykytowycz 1962,
Stodart 1968a, 1971) that increasing age o% the -animal is génera]ly
associated with a marked decrease in oocyst output. Ohly two of the nine
';pecies encountered fn this study did not exhibit this re]ationship; and
these two, 5. rowani and E. holmesi, were among.the Teast prevalent and

~
least abundant species encountered.

The ~iation between ége and decreased oocyst outpqt has been
shown to be ‘ue pr rari]}itb an immunity dérived ~ .« previous infections
(Rose 1975). th. gh most eimerians show this ty. .f age relationship,
there are some . .ptions. Todd andrHammond (1965)0reported that three

species of ground squirrel (Spermophilus armatus, S. richar;ohi, and

S. variegatus) did not dgvelop airesistance to repeated infections of
Eimeria callospermophili. However,‘in a subsequent study, Todd et al.
(1968) - found thatvs} armatus and S. variegatus could only Eé infected once
.With E. bilamellata, aftef which they were refractory . subseqhent in-
fections. It is p95$ib1e, therefore, for a host to harbour species of :

" Eimeria which are highly immunogenic and species which anpear to e]fcit

1ittle or no immunity. Other reports of a 1ack.of an immune reéponse to
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species of Eimeria are reviewed by Rose (1973).
The role of sex of the host as a modifying factor of coccidian
infections was examined. The finding that oocyst output was not related
to the sex of the host is in agreement with the findings of Stodart (1968a),
who examined the relationship of sex of the host to docyst output for seven

species of Eimeria in o. cuniculus, In a subsequent study at another site

in Australia, Stpdart (1971) found oocyst output to be related t N
of the host for only one (E. piriformis) of the seven soecies of Eimeria
encountered. Mykytowycz (1962) ;;poffed slight differences in total

docyst production related to the sex of the host, fema]es havihg hioﬁer
counts than males. Stodart (1971) suggested that, since E. piriformis made
up a]most half of the oocyst count in Mykytowycz's study, the differences
were due to the presence of this species. It abpears that, for most
§peeies of leporid eimerians, sex of the host plays no role in modifying

oocyst output.

The seasonal pattern of species richnessvebserved in this study
is not surpris1ng based on evidence in the 11terature Low'temperature
ané snow cover would be expected to inhibit the sporulation of oocysts
: \q‘d reduce the avai]ab111ty of already sporulated oocysts during *1e win-

. ter period. There- is also a seasonal shift in food habits from r -rbaceou:
mater1a1 to woody browse in winter (Dodds 1960), which also reduces the
exposure to sporulated oocysts -Therefore, since r1sk to new 1nfections
1s reduced and ex1sting 1nfect10ns probablv reach the end of their natent
period the number of species per host would be expected to (and did)

. decrease 1in W1nter
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During the spring and summer periods, soorulated eocysts are
available to reinfect year]ing and adult hares. The relationships be-
tween oocyst output and age suggest that older animals may be refractory
to some of the species of Eimeria while young animals are not, and there-
fore young animals may be able to acquire more species than olderfghimals
during the spring and summer./ﬁ
The pattern, or 1ac(10f it, that is seen in seasonal prevalence
" and intensity of Eimeria species of snowshoe hares suggest that most
species can overwinter in hares ~ The lengths of the patent periods for
species of Eimeria 1nfecting 1aboratory—raised leporids ranges from six
‘ to twenty-two days (Kheysin 1967, Samoil and Samue] Appendix I), a time
period which could not account for the production of oocysts throughout
the winter season, a 150- day period.
Dorney (1962) suggested two mechanisms by which coccidian in-
~ fections cou]d be maintained through the winter: by a lengthening of -
the patent period; and the possibility of existing areas where the micro-
| climate is suitable for oocyst survival. He suggested (1) the
r)possibflitv of a positive re]at1onsh1p between stress and patency so
that the patent period of an 1nfect10n would be pro]onged under stress,
and (2) that oocysts from an1mals in northern areas are more resistant to
. ‘cold ’mperatures “than oocysts from southern areas. »
Hhen Dorney (1962) made his suggestions about'thecre1ationship
between stress and the patency, there was little direct evfdence to sup-
_port his contention. Since then Long and' Rose (1970) have shown that

treatment with the corticostero1d betamethasone extended the Iength of
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the patent period of Eimeria mivati in chickens from twelve to forty-five
days. The elmost four-fold increase in ghe.patent period may be sufficient
to expfain the seasonal results of the, present study; however, more
1nforhat10n is needed on the length of the patent periods for the various
species of eimerians encountered. Also needed s information on the effect
of environmental factors such as temperature on oocyst survival, partic-.:
ularly in the north. WNithout this type of information, oniy speculation
is possible as to the mechanisms 1nvo]ved | |
The fina] objectives of this study were to examine the relation-
sﬁip between coccidian infections and host density, and to determine if
coccidia could be a potentia1 cauée of juvenile mortality. Juvenile
mortality has been shown to be a_factor associated with declining hare
populations (keith 1963). The data collected fa11 to reveal aﬁy clear0
cut relationships between host density and. coccidian 1hfections However,
since thesedataareonly for a sixteen-month period, 1t is premature to
make any. conclusions. ‘ |
| Evidence for coccidiosi§ as a cause of‘juvenife morta]fty exists
for other lagomorphs' (Ecke and Yeatter 195§3 Bull 1958, and Dunsmore 1971).
Ecke'and Yeatter (1956) reported the death of an eight-déy-olq cottontail
(s. f1oridanus) from coccidiosis Bull (1958) and Dunsmore (1971)
presented convincing evidence that hepatfc coccidiosis caused by Eimeria
stiedai was an 1mportant factor in Juvehile mortality of 0. cuniculus in
Australie and New Zealand. In the present study, animals were infected

shortly after birth; oocysts were produced and passed in the feces by the

time the hares were one week old. However, there was no evidence that
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any of the species of coccidia found in this study were pathogenic,
althodgh no endeavor was made to.study this aspect in detail. The lack
of information on the endogenous 1ife cycle of the species found in this -
siudy combined with the fact that only live-trapped‘animals were examined
| does not preclude the possibility that coccidiosis may be an important

mortality factor for snow;hoe hares.



 VI. GENERAL DISCUSSION \

The descri tive phase of the taxonomic work on the e1mer1ans of

- snowshoe hares is no nique in its approach. What is unique or at least
: ] :

surprising is the lack ‘of study in this area of a most studied host,
particularly in view of the implications of other workers (Bul1 1958,
‘Dunsmore 1971), for another leporid, oryctolagus cuniculus, that coccidiosis
is important in regulating host popniat1ons.

The nine species of Eimeria described or redescribed here were
compared with hundreds of others descr1bed previously from lagomorphs,
rodents and ruminants The statist1cal approach supplements the standard
descriptive approach and strengthens the 1dent1f1eation of the forms.

' Selection of oocysts from several host individuals from d1fferent collec-
tion periods e]iminates the potential bias that is s0 prevalent in the
,literature when descriptions are based on oocysts from one individual at

one point in time (see Levine et a1. 1967, Sampson 1969, Todd and 0'Gara
1969). | | | -

The use of parasites as indicators of phylogenetic affinities of
the hosts 1s not unique. whatsis.unique is the use of eimerians, a group
which has been ignored in this context, and; unjustly so, according to .
‘Metcalf (1929) and Cox (1967). The most interesting aspect of this section
of the study is that the use of the criterion of susceptibility of hosts -
to eimerian infections could be used to confirm suggested‘phylogeneticA
affinities. . | |
‘ Beaudoin et al. (1970) classified the reIatienship between

_ parasite prevalen;e'and host-age for several species of helminths and
' 105
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eimerians in white-tailed deer. Class I parasites increased in prevalence
with increase in host.age; Class 11 parasités indicated no change in
prevalence with host age changesf‘and Class III parasites deqreaseq in
prevalence with increased age. If one assumes that intensitﬁtdata of
Eimaiia spp. in any host can be classified simiiarly (Samuel ann Trainer
1971, have provided this evidence for deer coccidia) then Ciass IT and
Class Il curvés describes the present host-age data.

.The CIass IT and Class III curves of Beaudoin et a1. (1970) are
analogous tq'the Type 1 and Type III patterns of regulation suggested by
Bradley (1972). Type I regulation is by variations in the transmission
rate through the effects of»envirbnhenta] factors. _Type ITI requlation
acts‘at the individual host level and'is by a partial immunity. The
pattérns observed for the eimerians in this study suggest that their
populations aré'being regglated by the above mechanisms. Two, E. holmesi
and E. rowani,. are being regu]ated by transmission through the effects
of envircnmental factors, possibly temperature and humidity The patterns
for the oth: - seven species suggest that regu]ation is by a partial
- immunity. | )
| There .. virtually no othervstudies in which hundreds of wild
hosts have beer eixemined for coccidia in North America and\with good demo-
graphic data, particularly age, provided for each-indiviquait The
collection of 629 iares alone could have been a full-time occupation.
| A teaa approach nith many individuals working to one major end, to know

more'about”the biology of the snowshoe hare, was responsibie for getting

the present research to conbletion.» Similar aporoachs with severé] of

o
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the seven other genera of leporids are recommended.
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Appendix 1. EXperimenta] study of Eimeria robertsoni (Protozoa,
Eimeriidae) in the snowshoe hare, Lepus americanus: a

4 manuscript in preparation by H. P. Samoil ‘and W. M. Samue1.

ABSTRACT

~

A 6.5-day pre-patent period and a 22-day patent 1nfectfon followed
single oocyst infection éf a young coccidia-free hare with Eimeria
robertsoni. Size of oocysts increased significant]y‘dufing patency and
was negatively correlated with ooéyst output. oryctolagus cuniculus re-

mained negative after inoculation per os of E. robertsoni of snowshoe

hare origin.

116
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Eimeria robertsoni has been reported from five species of Lepus
(see Levine and Itens 1972, and Burgaz 1973), but on]y\from the white-tailed
jackrabbit (Lepus townsendii) of Nonth America. It has not been reported
from the snowshoe hare L. americanus. Although a few cnoss-transmission
experiments have been attempted with E. robertsoni between L. townsendii
and oryctolagus cuniculus (Carvalho, 1943), L. europaeus and o. cuniculus
(Pellérdy, 1956), and L. timidus and 0. cuniculus (Burgaz, op. cit. ),
little else is known about the biology of this species of coccidia. The
availabi11ty of'fourcoccidia free snowshoe hares (r. americanus) reared
in the laboratory and oocysts of E. robertsoni from snowshoe hares of
central A1berta presented the opportunity to study several aspects of‘the

1ife cycle.
MATERIALS AND-METHODS

Pregnant snowshoe naresvnere 1ive-trapped and broughtvto the
laboratory where the young were born.;-Neonates were removed from thev
mothen‘short]y after birth and reared by hand in a coccidia-free environ-
ment; they were weaneo at 200 .grams (4 to 6 weeks). All animals were
housed,in individual cages with grateo floors, kept on a photoperiod of
12 hours ltght and 12 hours darkcat’ZZ to 25C and provided non-medicated
rabbit pellets and water ad 116, A single sporuleted oocyét of E.
<'to£ertsoni isolated’ from hare feces’ colIected 1n the field was placed

in a gelatin capsule and fed to a sixrweek old male snowshoe hare. At
'patency. sporulated oocysts. were collected and ‘used in the fo1lowing

cross-transmission experiments: each of two 7-week old 0. cuniculus
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‘received 100 oocysts E. robertsoni; each of four 4-week-0ld 0. cuniculus
recefved 50, 000 oocyst;, and one 2-week-0l1d 0. cuniculus received 30,600
oocysts (Table 1). A patent infection was established in a previously '
uninfected "juvenile" L. americanus (see Table 1) using the same source
of inoculum. One unexposed animal, of the same species, age and sex was
maintained in the same room as a control for all experiments.

i Feces of all animals were examined three times each ueek from
birth to ensure that they were_coccidia-free prior to exposure. After

exposure feces were coi]ected‘and weighed every twenty~four hours; placed

in a 2.5% potassium dichromate to give a volume of 1L, and kept'atA

approximately 20C for seven days. Four separate 2 ml aliquots were placed

in test tubes and concentrated ior.study by flotation in sugar solution
(sp. gr. 1.27). A.22 mn’ coverslip was placed on centrifuge tubes filled
to a positive meniscus with the sugar so]ution and centrifuged for ten
minutes at 1,100 rpm The total number of oocysts per coverslip was
determined, the four averaged and the total number of oocysts per twenty-

‘_four hours calcu]ated

One-hundred sporulated oocysts from the sinq]e oocyst infection '

were co]]ected and measured dai]y starting from day two. of the patent
period and ending at day nineteen. Measurements were made w1th a Wild
M20 compound microscope using a 10X eyepiece with an ocular micrometer
and a 100X oil immersion apochromatic objective. Oocysts were measured
~1n the order:in which_they were encountered to ensureino'prejudicial
selection as to size; an oocyst was measured on]y when it was obvi%ré/

| that its maximum diameter was in view. A1l measurements are in microns

¥
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Experimental protocol and results of exposure of Lepus americanus

Table 1.
‘ and oryctolagus cuniculus t0 Eimeria robertsoni of snowshoe hare_
- Age of Inoculum ‘
Host hosts ~ (sporulated 133g5$5m Results
i (weeks) oocysts)
Group 1
L. a.* 6 B Wild L. a.  Positive
L. a. 6 none (control). - Negative
Group I1
0. c.** 100. L. a. (Gp. I) Negative
0. c. none (control) - Negative .
0. c 4 50,000 a. (Gp. I) Negative
0. ¢ 4 hone (control) . - Negative
0. qﬁ' - 317,600 L. a. (Gp. I) Negativc
0. c. - none (control) - Negative
Group III ;
L. a. juvenile  unknown number L. a. (Gp. I) Positive
(18 days)
L. a. juvenile  none {control) - Negative
(18 days) .

'

m&“—-——"————mg__
~ *L. a. = Lepus americanus
**0. c. = Oryctolagus cuniculus

o



N

with means and standard errors in oarentheses._ Calculation of the geometric

120

mean estimate of the functional regression of Y on X was done according to

“Ricker (1973).
 RESULTS

The inoculation of a juvenile male Lepus americanus with a single
oocyst of E. robertsoni resulted in a patent infection (Table 1). The
pre-patent period was 63% days and the patent period lasted a minimum of
22 days, at which time the animal was killed. |

The daily oocyst output is shown in Figure 1; total output of
OOcysts was 18,810, 255. Oocyst output rose rapidly from 50 on day 1 of\ﬂ
patency to over 7 000.000 on day 3, declined steadily until day 9, and |
'thereafter remained near 0. No daiiy periodicity of oocyst output per
weight feces was observed. Oocysts were mainly excreted during the |
period when 93% of the feces by- weight were eliminated (i. e., 9 p. m. to
9 a. m.). ) ” | :

There was a significant increase (P < 0.01) in both length (13%)
and width (17%)=of the oocyst during the eighteen-day patent period
(Figure 3). There was a significant negative correlation between oocyst
_ output and both oocyst length (P < 0.01, r =.-0.61), and width (P < 0.01,
r = -0.60). Botn oocyst length and width decreased from day 2 to day 3
as:oocyst~output increased to'ajpeak; As oocyst output deciined there
was an Increase in oocyst length and width. | | |

Cross transmission attempts, using sporuiated E. robertsoni from

the eXperimental]y infected,snowshoe hare and juvenile male 0. cuniculus
-~



Fi'gure 1. Oocyst output of Eimeria robertsoni during the patent
- period : , ! .
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Figure 2. Size chanqges of Eimeria robertsoni during the patent -
period
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-~

‘as recipients, were unsuccessful (Table 1). Seven 0. cuniculus remained

negative despite receiving up to 50,000 sporulated oocysts.~

~

DISCUSSION

- Dimensions and morphology of the oocyst are characteristics most
H.connnnly used to describe species of coccidia. Most characters remain
constant over time, however, length and width of oocysts of several
species‘vary (see Discussion of Duszynski.1971)  Briefly, results of the

_ present study confirm those of Fish (1931) for E. tenella from chickens,

»Kheysin (1947) for E. magna in rabbits, Becker et al. (1955) for E. brunetti

in chickens, Becker et a1. (1956) for E. necatrix from chickens, and.
'Duszynski (1971) for E. separata in rats, that progressive changes in
oocyst length and w1dth during the patent period _

Kheysin (1967) felt that crowding of macrogametes in one host )
cell and the infiuence of host diet were the major factors which might
contribute,to a change in oocyst size. Jeffers (1975) stated that oocyst
-size was a function of the time permitted for growth of the macrogametes
Regardless of the reasons accounting for this phenomenon, caution is
needed in the identification and description of species of coccidia such
as E. rabertsoni with major features such as length and width\of the ’
oocyst and sporocyst residuum which vary in size during storage.

Cross-transmi551on experiments with E. robertsoni have been
unsuccessful. Carvalho (1943) was unable to infect either the tame
rabbit (o. cuniculus) or the cottontail (Sylvilagus fzoridanus) with

24

E. robertsoni from the Jackrabbit (z. townsendii) Pel]erdy (1956) could

) ;:;'/’ '
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not infect o. cuniculus with E. robertsoni from r. europaeus, and Burgaz.
(1973) was unable to 1nfect 0. cuniculus with E. robertsoni from L. timidus.

Our negative results tend to confirm the specificity of this coccidian

for the genus Lepus.
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