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ABSTRACT

Diet Preference

I studied the diet prefèrence of grey wolf (Cani,s lupus) in Riding Mountain

National Park (RMNP) of Canacla using faecal samples collected fi'om fall 2001 to

sulllrrer of 2003. Of 369 faeces analyzed and 413 food itenis iclentifìed, elk, (wapiti)

(Cenws eluphus) represented 53.93% of rvolf diet, followed by: beaver (Cu.stor-

ccntctclensis) 18.70%; rroose (Alces olces) 14.09%: white-tailed deer (OclocoiÌeus

t,it'ginituttts) 10.03% ancl hare 3.25o/o. ln all seasons, elk are the most commonly

occun'ing prey species. Beaver', llloose, and white-tailed deer show varying cleglees of

impofiance, depending on the season.

Parasites

Three hundred and twenty faecal samples were collected fi'om where free-ranging

wolves (Catti,s lupus) traveled in Riding Mountain National Park of Canada (RMNP),

between September 2001 and March 2003 and examined for gastlointestinal palasites and

Canine Parvovit'us (CPV). Most samples(2281320) contained at least I parasite.

Parasites identified on fàecal examinations included Aluria sp. (31/320), Cu¡tillaria sp.

(61320), Coccidiq sp. ( I 0/320), Crypto.sporidiunt sp. ( 1/320), Dentodex sp. ( I /320),

Giarcliu sp. cysts (701320), Moniezia sp. (3/320), Surcoc.ysts sp. (1201320) Taeniid sp.

(108i320), Toxctscat'i,s sp. (3/320), Toxr¡cut'u sp. (1/320), Trichuris sp., (l 11320).

The presence of Canine paruovirus (CPV) was assessed by perfonlirig analysis

on 106 scats from representative regions of RMNP. All samples were negative for CPV.

Prevalence of parasites was consistent across the park landscape, rvith no

significant geographic differences. Slight spatial and ternporal trends, when present. can

be attributed to collection legime artefacts.
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Chapter 1.0

General Information

1.1 Introduction

In Canadian National Parks tl-re "rnaintenance of ecological integlity through the

protection of natural resources shall be the first priolity" (National Parks Act 1989).

This concept of ecological integrity lias been instilled into Canaclian National Park

management by legislation. The concept of ecological integrity, as defined by Woodley

(1e93) is:

"Ecologicetl ittlegrift is de.fined us o stoÍc of eco.s.ystent

dat,clopntenÍ that is opÍitnized.fòr its geographic' loccttion. Fot'
purlrs und profecÍed rtrects, this optirtrul stuÍe hos been referrecl
lo b.t¡ such lerms us ntttural, nrtlurallv et'olving, prisline anrl
unlouched. It inqtlies ÍltctÍ eco$¡stent stntcture,s und fitnctiorts
ore unintpctirecl b1t huntun-cctused .stresses, Íltat nafiye spet'ics
are ¡tre.sertÍ ctl yiable populcttion let,el.ç cmcl, v,iÍltin succe.ssionul
limils, v,hiclt the ÐtsTetn is liliely to persisf . Eco.s.\¡.gtents ytith

integril.Tt c{o nol exhibiÍ Ílte trencls ussr¡ciutecl v,iÍlt stre,ssecl

ecosyslents. Park,s uncl protecÍecl ctrects ure parl o.f'larger
ecost¡.slems ancl clelerntinufion.s of inÍegritlt irt netÍiottal ¡turk.s
ntttsf crntsiclet' these Iarger ecosyslems.tl

To help address the requilement of maintaining ecological integrity, Canada's

National Parks are developing an ecosystem-based approach to management (Department

of Canaclian Heritage 1994, Riding Mountain National Park Round Table 1996), rvith

Riding Mountain National Park (RMNP), developing an Ecosystern Conservation Plan in

1997 (Ecosystem Conseryation Plan Team 1997). The Ecosystem Consewation Plan

compliments Canadian park policy in stating that managernent decisions must be based

upon research ancl science (Departrnent of Canadian Heritage 1994). The purpose of the

Ecosystem Conservation Plan is to "plotect, r'estore and monitor...natural helitage rvithin



the Park to ensure ecological integrity" (Ecosystem Conselvation Plan Team 1997). The

Plan set objectives fol ecosysteul ulanagelnent and protection, rvhich includes

establishing and implementing species inventories and monitoring programs (Ecosystem

Conseruation Plan Tearn 1997). Riding Mountain National Park musf also be manageclin

a context that is broader tl.ran its political boundaries (Ricling Mountain National Park

Round Table 1996). Because ecosystems do not abruptly end at the Palk's jurisdictional

boundaries, information sharing, cooperation, and pafinelships with other individuals and

organizations are vital to eff-ective ecosysten management (Haufler et al. 1996).

The identificatiot'l and monitoring of ecological integlity is a primary goal of the

Ecosystem Conseration Plan (Ecosystem Conservation Plan Team 1997). Ecological

integrity may be analyzed in a variety of ways, including consideration for species

viability (Woodley 1993). Wolves (Cani.s lupus) were chosen as 1 species to help

identify and monitor ecological integrity of RMNP. They are a keystone species closely

linked to the regional ungulate populations and as such, exhibit strong links to the

integrity of the ecosystem food web.

1.2 North America Wolf Populations

Human development ancl other activities have led to fhe extirpation of grey

wolves (Canis lupus) tll'oughout most of Nofth America (Mech l995, Clark et al. 1996).

Histol'ic wolf ranges have been leduced to about half since European settlement (Figule

l) (Harrington and Paquct 1982). Continued disturbance and habitat exploitation and

alteration threaten the long-terrn suwival of wolf populations and otlier large camivore

populations (Hummel ancl Pettigrew 1991, Paquet and Hackman 1995, Clark et al. 1996).
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Figule 1. Norlh American Wolf Range (Rutter', R.J., and D.H. Pinilott 1968)

1.3 Riding Mountain National Park Regional Situation

Habitat patches, ostensibly islands, have restricted movement of large carnivol'es

such as wolves and are of par-ticular concern to wildlife managers (Newrnark 1995,

Woodruffe and Ginsberg 1998). Much of the land sun'ounding RMNP has been modified

by human activity, plirnarily thlough aglicultural use. With its irregular shape and small

size. RMNP is. in fact. "an island of wilderness in a sea of agriculture." Stressors suclr as

roads, general hunting, and tlapping that ale present will influence the long-teltn viability

of wolves in the RMNP legional ecosystern.

1.4 RMNP Regional Wolf Population

For many years, RMNP has been undertaking annual wolf population estinates,

basecl on ground tracking and aerial surueys. Monitoling surveys conducted in the park

between 1995-1997 revealed a decrease in wolves (Figure 2), to an estimated wolf

population of 30-50 animals (Goulet 1997, Parks Canada 1997). In recent years, it has

rebounded to an RMNP population of about 80 in 12 packs (T. Hoggins, Park Warden,

pels. colllln.2007).



RMNP Estimated Wolf Population

90

80

70

60

50

40

30

20

10

0

Figure 2. Estimatecl Nur¡ber of Wolves in RMNP over time (Parks Canada 2001).

Wolf population or indiviclual liealth in and around RMNP is dependent on both

natural- (e.g. disease, inter-specifrc cornpetition, prey availability and enviromnental

conditions) and human induced (e.g. hunting, r'oacls) factors. Verification of the exact

causes of'regional wolf population fluctuations is lacking (Goulet 1997); however, it is

known that natural change rvill occur amid changes in food supply (Parks Canada 1997).

Ae¡'ial surueys indicate tliat prey populations have been relatively abundant since 1976

(Figure 3) and ale capable of supporlir,g as many as 100 wolves (Palks Canada 1997). It

has therefore been suggested that some other factors Ínust be lirniting the rvolf

population. Based on available information, the main contributing factors lesulting in

reducing wolf populations includes a combination of disease, habitat fragmentation and

liiglr lruman-caused rnortality (Goulet 1997, Parks Canada 1997).
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Figure 3. Estimatecl Number of large ungulates in RMNP over time (Parks Canada 2007).

1.5 Wolf Diet

Elk (Ccn,as clupltus) are the main prey species for wolves in RMNP, whereas

altelnative prey includes rrloose (Alces ulces), white-tailed deer (Otlocoileus t,it'gittiunus),

beaver (Custot'ccntqden,sis) and snowshoe hares (Le¡tus ctntericcutus) (Carbyn 1983).

Recent management actions to reduce the elk population in and around RMNP rnay be

having cleleterious effècts on the regional wolf population. Wolf reliance on a l'educed

elk herd may reveal densities ancl distribution changes and an altered diet preference

(Fullel and Sievefi 2001, Carbone and Gittleman 2002), thus influencing population

viability of these large camivores (Fuller and Sievert 2001).

Prey availability clianges can indirectly change behaviour contributing to

obselved changes in camivore densities (Fullel and Sievefi 2001). Fol example. wolf



pack terlitory size was negatively corlelated with white-tailed deer (Oclocoilau,s

yirginiunu.c) density in Wisconsin (Wycleven et al. 1995).

1.6 Wolf Macro- and Micro- parasites

Traditionally, parasites have been viewed as inconsequential to ecosystem

filnctions. "However tliere is increasing evidence that parasite-mediated efïects could be

signifìcant. they shape host population dynarnics, alter interspecific competition,

influence energy flow and appear to be important drivers of biodiversity" (Hudson et al.

2006). A rich and diverse configulation of parasites may be considered parl of a healthy

system. A descliption of the assorted parasites present in wolf scat in RMNP is provided

in Chapter 3.

Study objectives

Analysis of rvolf diet was completed in 1979 (Caftyn 1983) and 1984 (Meleshko

1986.) Given the proposed management pressures on the RMNP elk populatíon for M.

åot,r.ç issues, rvolf scat analysis was conpleted to gauge changes fi'om past studies and to

provide an assessltlent of cunent wolf diet plefelence prior to elk management changes.

In addition, an analysis of macro and micro parasites present in wolf scat was completecl

to provide baseline data.

In chapter'2, I complete a descriptive analysis of prey selection by wolves in

RMNP using wolf scat.

In chapter'3, I complete a descriptive analysis of macro- and micro-parasites

present in wolf scat fi'om RMNP.

1.7



All perrnits ancl proper authorities rvere given fi'om the relevant parties to conduct

this research in Riding Mountain National Park. Documents such as animal care

committee pemrits ancl ecological iurpact staternents were approved.

1.8 Conservation Needs

Links between ecosysten'ì characteristics, including prey availability and use and

parasite density and diversity provide ímporlant baseline infonnation. These

lelationships plovide insight into ecosystem structure and function and contlibute to the

incleased awal'eness of ecosystems for which better consel'vation ancl nlanagement

decisions can be made (Clark et al. 2001).
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Chapter 2

Diet Assessment of Grey Wolves in Riding Mountain National Park

Regional Ecosystem

2.1 Introduction

Ungulates ale the main prey of wolves throughout Norlh America. In Riding

Mountain National Park (RMNP), elk (Cen,us cluphus) have been identified as the

prirnary ungulate prey species of wolves (Curùs lupus) (Carbyn 197 4, Carbyn 1 983,

Meleshko 198ó, Paquet 1989, Paquet 1992,Carbyn et al. 1993). Wolves are known to

consurre alternate prey when readily available, abundant, or when primary prey numbers

are low (Kohila and Rexstacl 1997). Beaver' (Custot'canuclensis), moose (Alccs alces),

and white-tailed deer (Odocoileus virginicums (WTD) have been identified as secondary

prey in the RMNP area (Calbyn 197 4, Carbyn 1 983, Meleshko 1986, Paquet 1 989).

Rodents and lagomorphs, black bear (Ursrrs cunet'iccutus), and spawning fishes are known

to constitute a significant ploporlion of wolf diet in some regions of Nofth Arnerica

(Darimont and Paquet 2000, Darin'ront and Reirnchen 2002).

Dietary analysis using scat is a non-invasive technique f'or gaining insight into

predator'-prey relationships (Ciucci et al. 1996) and enables acculate detetrnination of

food habits when intrusive methods are impractical (Carbyn 1974, Thebelge et al. 1978).

I assessed the diet of grey wolves in RMNP, faecal samples collected frorn Septernber

2001 to July of 2003.

Typically. a rvolf,s diet comprises the most vulnerable ungulates, which include

tlreunlrealthy,theold.andcalvesofthespecies(Boydetal. 1994). M. åor,¡,çispresentin

the elk and WTD populations of RMNP legional ecosystem. The presence of this disease
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rnay be influencing the diet selection by wolves f'ocusing on M. boyi,s infected animals as

prey. Accordingly, scat was analyzed for the presence of the M. boyis using PCR

technology and bacterial culture. Over the long telm, wolves in the RMNP ecoregion

possibly will aid in the recluction or eradication of this disease.

The objectives of this study are: (i) to identify prey species consumed by wolves

through faecal analysis; (ir) to compare prey species composition with past research fi'om

RMNP; (iii) to cornpare biomass of each species consumed with results fi'om Prince

Albeft National Park (PANP); (iv) to measure the incidenc e of M. åoyis bacteria in scats

1o detemrine if wolves are concentrating ou infected ungulates.

2.2 Study Area

2.2.1 Riding Mountain National Park - Historical Setting

Apploximately 12,000 yeal's ago, glaciers began disappearing from the

southwestern regions of Manìtoba, including the RMNP area (Pettipas 1970, Colwill ancl

Janrieson 1972, Buclrtler et al. 1983, Ecosystem Conservation Plan Teatn 1997). Twelve

thousand to 10,000 yeals bef'ore pl'esent (BP), RMNP was colonized by white spruce

(Piccct glaucu) fol'est (Ecosysterl Conserr¿ation Plan Team 1997). Ten thousand to 3,000

years BP, an expansion of grassland occured within the region (Buchnel et al. I 983.

Colivill and Jamieson 1972,). For about 2,500 to 3,000 years BP, tlie RMNP area was

dominated by aspen (Populus Írentuloicles) parkland, mixed conifer, and mixed deciduous

forest, wliich eventually evolved into a rlixed wood ecosystem (Colwill and .Tamieson

1972, Reeves 1970).
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A long human history has influenced the developrnent of RMNP's ecosystems

(Ecosystem Conservation Plan Tearn 1997). Aboriginal people have inhabited the

RMNP area for at least 6000 years (Buchner et al. 1983, Riding Mountain National Park

Round Table 1996) and have practiced liunting, gatliering, trapping, and bur ning to

survive (Ecosystem Conservation Plan Team 1997). Assiniboine and Cree people

becarne involved in the commercial fur trade in the RMNP area in the 1600s. Tlie

earliest Europeans, who arrivecl in the mid-1Sth century, were ful traders (Ecosystem

Conservation Plan Team 1997). During this time, several species of wildlife were

exploited fbr furs and food. Several were extirpated fi'om the RMNP region including

beaver and bison (Bison bi.son) (Ecosystem Conseryation Plan Team 1997).

Agricultural settlement began in the 1880s and by 1920, the region was largely

settled and a suppoÍive infrastructure was being developed (Warkentin 1967, Colwill and

.larnieson 1972, Janieson 1974). In the RMNP area, timber harvesting, to suppoft the

building of fanns and towns, was extensive "to the extent that no undisturbed stancls

rernain" (Ecosystem Conservation Plan Team 1997). The Riding Mountain Forest

Reserve was establislied in 1895 to protect the tirnber resources, althougli some timber

harvesting continued within the reserve boundaries, along rvith reforestation, haying, and

grazing. These activities continued until about 1970 (Ecosystem Conserr¿ation Plan

Team 1997).

The RMNP al'ea was fomrally establishecl as a National Park in 1930, and opened

officially in 1933. At present, the town of Wasagaming is a tourist lesofi and a network

of trails and carnpsites are scatteled tluoughout the Park. Most of the area surrouncling

fhe RMNP has been convefted into agricultural land. The Ecosystem Conselvation Plan
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Teatn (1997) stated that this long human history has "significantly influenced the

development of the Riding Mountain's regional ecosystem as it exists today."

2.2.2 Riding Mountain National Park - Present Situation

Ricling Mountain National Park (Figure 4) encompasses 297,600 ha in westeln

Manitoba. The Park includes the confluence of 3 varied landscapes including the

Manitoba Lowlands, the Saskatchewan Plain, and the Manitoba Escarpment (Riding

Mountain National Park Rouncl Table 1996).

Figure 4. Riding Mountain National Park regional setting

These landscapes suppor-t grasslands, easteln cleciduous forest, boreal forest, and

mixed-wood forest ecotones (Riding Mountain National Park Round Table 1996). The

vegetation has been classified using a variety of rnethods (Bailey 1968, Rowe I 972.

Wang 1995). Rowe (1972) described rlost of the Park as boreal rnixed wood, althougli

Sa6kêlchewån
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he categorized a small section in the southwestern area of RMNP as the Aspen-Oak

Section. Grasses ancl fbrbs dominate the vegetatiorl cover on al'eas intet'spersecl

throughout the Park, mainly in the western regions. Trerlbling aspen, balsam poplar

(Populus balsanifèra), white birch (Benrlu pupw'ifet'a), white spruce (Piceu gluucu), and

balsanr ftr (Abies bulsunteu) characterize the rnixed wood Section (Wang 1995) and

occupy inrpelf-ectly to well-dlained areas. In clrier areas, jackptne (Pinus bunlr.siunu) and

white spruce (Picea gluucu) predominate, and black spruc e (Picea nturiuna) and

tanrarack (Lurix luricino) charactelize the wetter and marshy areas. On the edge of the

Manitoba Escarpment, the Aspen-Oak Section is mainly chalacterized by balsarn poplar'

in tlre moister areas. Bur oak(Quercus nrücrocorpa) is often f'ound along rivers, in aleas

with sllallow dry soils, or on south or west-facing slopes. Alluvial soils are populated by

wlrite elm (Ulnnts umericcutu), green ash(Fruxinus pennsrlvunicu), and Manitoba rnaple

(Acer neguntlo). Consequently. the Park's biota is diverse.
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The Park exists as a wilderness area in an agriculturally dominated ecoregion

(Figure 5).

R¡d¡ng Mounta¡n Region

M¡nnob: conrUv¡tiþñ

Figure 5. Riding Mountain National Palk Regional Ecosystem, Manìtoba
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2.2.3 Riding Mountain National Park - Faunal Description

The wildlife of RMNP is varied and has been the subject of many investigations

since the late 1930s. Early investigations proviclecl the filst indication of the great

diversity of wildlife species present in the Park, reflecting the parallel diversity of habitat

types. Up to 233 species of birds, 64 species of mammals, 6 species of aniphibians, 4

species of reptiles,2T species of fish, 13 species of skippels ancl 69 species of butterflies

as well as nufiterous inveftebl'ate species are known or expected to occur in the park. A

near complete natural food chain is present in RMNP from the top carnivores tll'ough

ungulate and srnall rnammal lierbivoles to scavengers and the inveltebrates and bacterial

agents of decomposition and nutrient recycling. That RMNP is situated in a "sea of

agriculture" adds to its inherent value of replesenting habitat types that no longer exist in

much of south-central Manitoba, the Southern Boreal Plains ancl Plateaux.

2.3 Methods - Field and Laboratory Procedures

Three hundled sixty nine (369) wolf faeces were collected on the trail network of

RMNP, between Septernber 2001 and .Tuly 2003. Faeces were collected in plastic bags,

dated, and their locations recorded using a GPS. All samples were stored fi'ozen before

analysis. Only faecal samples with a diameter of greater than 2.5 centilnetres ol those of

definite wolf origin were used in this study.

Labolatory procedules followecl Ciucci et al. (1996). Frozen sarnples wel'e

autoclaved at 90o C for 24 hrs to kill potentially hamrful Echinococcus granulo.sr¿s and .Ð.

nntlÍiloatlctris (hydatid tapewomrs). Faeces were then immersed in water fol'48 ll's, and

tlioloughly washed in a sieve (mesh size 1.0 rnm) to separate microscopic and
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mact'oscopic materials. Sample elements were then air-dried on labelled paper plates.

Gloves and dust masks were worn cluring all steps to decrease risk of pathogen exposure.

Dlied cornponents wele spread on a white I I x l7 sheet of paper and visually

examined to identify prey remains. Species were iclentified by course examination of

guard hairs. Gual'd hairs fi'om inconclusive samples were examined using a dissection

microscope and compared with sarnple photos fì'om Moole et al. (1974) and Kennedy and

Calbyn (1981). Scale patterns from guard hairs were tlansferred onto microscope slides

when faecal sarnples eithel lacked suffìcient number of guard hair or hair was of

uncerlain origin (n : -5).

Bones were not usecl for identification purposes. except when hail'was not

plesent. Plant material was noted but not iclentifiecl.

2.4 Data analysis

Qualitative analysis of prey remains in wolf scat is affected by digestibility and

detectability of the soulce prey item (Koliila and Rexstad 1997). Wolf cliet is deterrnined

using 2 analytical methocls: occurrence/faeces and biomass consumption.

2.4.1 Occurrence/Faeces

Frequency of occurlence of each prey species in each scat (- OF) was calculated

by taking the total occurlence of a prey item divided by the total number of scats

(Pederson & Tuckfield 1983, Reichel 1991). Seasonal diffelences. both 4-season

(spling/surnnier/fall/winter) and ?-season (surnmer'/winter), in prey selection were then

calculated and ANOVA was used to test diffelences between seasonal prey exploitation.
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2.4.2 Biomass Consumption

Misinterpretation ofien occurs when analyzing diet habits in carnivores. Smaller

prey iterns plocluce mol'e scat per unit u,eight then do lalge prey species, leacling to an

overestitnation of the irnporlance of smaller pley species in the final diet analysis. (Floycl

et al. 1978, Weaver 1993). To compensate for this bias, Weaver ( 1993) derived the

follorving equation fi'om contlolled feeding trials of captive wolves:

Y:0.439+0.008x

Where Y: kg of a prey species consurned per'field collectible scat and x:

average weight of that species. Average prey weights were taken fi'om Banfield (1974).

Solving for Y gave an estimation of biornass consurned per scat for each prey species.

Multiplying Y by the number of scats found to contain a particular prey species gave the

relative weights of each prey species consumed. These values were then used to

calculate the percent biomass contribution of each of the diffelent prey species to the

RMNP wolf diets and replesent a more biologically rneaningful evaluation of diet (Ciucci

et al. 1996, Biswas and Sankar 2002). Biolnass estirnates excluded non-rrarnrl'talian pley.

2.5 Results and Discussion

2.5.1 Four-Season Analysis (OF)

This portion of the analyses defines the seasons as follows: Spring - (ApLil 1-June

30); Summer - (July 1-Sept 31); Fall - (Oct l-Dec 31); Winter'- (.lan l-March 3l)

Elk are the prey of choice for wolves in RMNP. Of 369 faecal samples examined,

elk were the most corntnonly occurring prey species (%OF; 53.93%). Occunence of elk

was consistent throughout all 4 seasons. This rvas fbllowed by: beaver' (18.7%); lroose
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¡14.09%); white-tailed cleer'(WTD) (10.03%); and snowshoe hare (3.25%); (see Table

2.1 and Figule 2.3).

All othel'prey species show lalge val'iations in seasonal occun'ence. Beaver

occurs nrost in scat for the summer (35.14%) and spring (28.95%) seasons. Moose is

prevalent in fàll periods (23 .13%) ancl hare during the spring (13 .l 6%) . WTD ale more

vulnerable to predation in the winter (16.67%): (see Table I and Figure 6).

Table 1 . Relative occurrence (%OF) of food iterns identified in 369 wolf faeces for each
season. Scats collected in RMNP fi'olr-r September 2001 to August 2003.

Beaver o//o Hare o//o Moose o//o WTD o//o Elk o//at Total

Winter 20 10.1% 1 0.5% 30 t5.2% JJ 16.7% 114 57.6o/n t98

Fall t2 20.3% I t.1% l4 23.7% 1 1.7% 3t 52.50/o 59

Spring 11 28.9% 5 13.2% I 2.6% 0 0% 2\ 553% 38

Summer 26 3s.1% 5 6.8% 7 9.5% J 4.70/o 33 44.6% 74

Mean 18.7o/o 3.3% t4.t% 10.0% 53.9%
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Seasonal Diet Preference
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Figure 6. Relative occull'ence (%) of food items iclentified in 369 wolf faeces for each
season. Scats collected in RMNP from fall 2001 to sumrnel'2003

2.5.2 Two-season analyses (OF)

When data are groupecl into winter' (Oct. I - Mar 3l) and sul'ì'ìn1er seasons. the

impofiance of elk in the wolf diet ís more evident. Elk constitute more than half

(56.42%) of the winter diet ancl are almost as fi'equent in summer. The remainder (mean

: 14.25%o for all 3) of the diet is largely the ploduct of moose, WTD, and beaver. Hale

are less fì'equeritly consumed in winter'(Tables 2 and Figure 7)

Summer diets show elk as being rnost irnpoftant at 48.21%o. Beaver consumption

is alnrost triple in sunlrner months fi'om that in winter (33.04% fron 12.45%o). Moose

and hal'e occur at about 8% and WTD dlops below 3o/o for sul11mer consumptious lates.
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Table 2. Relative occurrence (%) of f-ood items identified in 369 wolf faeces
lumped by summer and winter seasolls. Scats were collected in RMNP fi'oni fall 2001
summer 2003.

Beaver Hare Moose WTD Elk

Winter : l00al, 12.5o/o 0.8% t7.1% 13.2% 56.4o/o

Summer : l00o/o 33.0% 8.9o/o 7.1% 2.7% 48.2o/o
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Figure 7. Relative occurrence of food items identified in 369 wolf faeces divided into
sunlrner (100%) and winter'(100%) seasons. Scats collected in RMNP from fàll2001 to
sulnmer 2003.

2.5.3 Comparison with Other Studies

Scat/diet analysis studies by Carbyn ( 1983), and Meleshko ( I 986) showed similar

results ovel'all. Howet,er. rny lesults suggest the use of elk as a year round resource fol'

wolves has increased (Figuie 8). The use of beavel', rrìoose, and WTD does not appeal'to

have changed. The tnajor difference is in the "Other" cate-qory for identification. The
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present stucly lTas very fèw unknowns, (i.e. birds, polcupine. etc.) in cornparison rvith the

2 previous studies. Tliis may be clue to a reduced sarnple size or temporal cliffèrence in

collection regirnes. ln my study urost scat were collected in winter when decornposition

of scat was not an issue. In courparison, a large porlion of scat analyzed by Carbyn

(1983) and Meleshko (1986) was collected in summer and fall.
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Figure 8. Comparison of data flom previous studies and present research. Scats
collected in RMNP fi'om fall 2001 to sumrner 2003.

2.5.4 Biomass Contribution

Weaver's ( I 993) equation of relative biomass contribution (BC) of prey gives a

clearel'assessment of diet than results obtained frorn frequency of occult'ence (OF). The

inrpoftance of elk is incleased from 53.93o/o (OF) to 61 .11% (BC). Moose conrribured

nearly 23% (BC) compared witli tlie OF calculation of 14% of available biomass to wolf

cliet. White-tailed deer and beaver contributed only 4%ó and 5o/o BC, respectively,
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con'ìpared with I jYo and 18% OF. Smaller mammals such as snowshoe hare showecl a

biomass contribution of <lo/o (Table 2.5).

The biomass contribution results fì'om RMNP cornpaled with PANP (Urton, 2005)

show a cliffelence in prey usage. Although elk remain the main prey item in botli regions

(67% in' RMNP vs. 560/o in PANP), WTD seerned to be reliecl upon much more heavily in

PANP (4% in RMNP vs. 24Vo in PANP), but there is no statistical diff.erence (Gtest,

G:0.009, p:0.999, df=a)(Table 3).

Table 3. Results of OF and BC in prey selection of 369 wolf faeces. Scats collected in
RMNP frorr fall 2001 to summer 2003.

2.5.5 PCR Analysis of Scat for M. bovis

The presence of M. bot,is in the elk and WTD herds of the RMNP ecosystem has

iniplications for the wolf population and eradication of the disease in ungulates. Wolves

often select for unhealthy, olcl, and young prey (Paquet 1 989, Boyd et al. 1994). ln

theoty, wolves rright succumb to cliseases contracted fi'om animals they have killed ancl

consumed. This may have been the case fol the 2 8-month old wolves found dead in

1978 that died of M. brn,is.

The appalent appetite of wolves for elk might facilitate the reduction or eradication of

M. bot'i.ç in elk and WTD, parlicularly if wolves select disploportionately f'or diseased

Ave Wt lKol RMNP Total RMNP % RMNP % biomass PANP Total PANP % PANP % biomass

3eaver 23 69 18.70% 5.32% ,18 4.77% 1.89o/o

tk 286 199 53.93% 67.11o/o 125 33.16% 57.59o/o

'lare 1.5 12 3.25% 0.670/o 1 0.27% 0.08%

Vloose 390 52 14.09% 22.89o/o 27 7.16% 16.23%

/VTD tÃ 37 10.02% 4.02o/o 163 43.24% 24.21o/o
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animals. If maintenance of the disease in ungulates is density dependent, then killing by

wolves of animals in the high-density areas could improve conditions for disease

eladication by limiting growtli of the population.

The M. åov¡¡ bacteria were tested fol in 3O8-winter scat using the polyrnerase chain

reaction test (Figure 9). No scats were found to have ihe M. bot,is bacreria plesent. The

lack of any findings of the M. brn,is bacteria does not necessal'ily disprove the hypothesis,

as a critical mass of about I ,500 M. åov¡s bacteria is needed in the scat to be detectecl. In

addition, the fragility of the organisrn rnay play a role in the lack of detection (Greg

Appleyalcl, Parasitologist, pers. cornm.) Wolves may be selecting M. bcn,is infected

anitnals, although detection tll'ough scat analysis of this occuning may be extremely

difficult.

ftr] *F

Figure 9. Distributionof scattested for M. bot,is. Scats collected in RMNP fi'om fall
2001 to sumller 2003.
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2.6 Frey consumed

Tl-re number of indiviclual animals consumed per species can be calculatecl usir,g

the fomrulas presented by S/eaver (I993). It is generally agreed that each rvolf needs

fi'om l .5 to 3 kg of fbocl per day, depending on the time of year, to maintain health.

Using 2.2 kg as the mean for required sustenance and given that there are about 80

wolves in RMNP we call conclude Table 4. These numbers are only a general estirnate

ancl will \/aly depending on the numbel of wolves and the prey abundance within RMNP.

Table 4. Number of individual species consumecl by wolves per year in RMNP.

Ave Wt (Kq) RMNP % biomass #of individuals
Beaver 23 5.32Ð/o 148.6
Etk 286 67.11o/o 150.7
Hare 1.5 0.67% 286.9
Moose 390 22.89o/o 37 .7
WTD 55 4.02o/o 47.0

670.9

2.7 Conclusion

Elk are the prirnary prey of grey wolves in RMNP. Tliese results concur with

previous studies that have examined foraging ecology of wolves in RMNP (Carbyn 1 980,

Calbyn 1983, Melesl-rko 1986, Paquet 1992). However, secondary pley species constitute

a considerable plopor-tion of pley consumed. Seasonally, moose, WTD and beavers, eaclr

make up a large portion of rvolves' diet. The seasonal shifts in prey usage are probably

due to gl'eatel'vulnerability/availability of the species during certain times of the year.

Beavers al'e rnore active in spring and summer, snowshoe hare may be slow to moult to

suurmer colouls in spring, and snow depths affect WTD mobility in winter.
25



As in previous studies, a component of the wolf diet in RMNP may not be

aclequately accounted for in this study. Small foods iterns such as fi'ogs, fish, and mice

may not be detected due to their small mass and quick and cornplete digestive qualities.

The lack of such prey items in scat may be due to the temporal and spatial scale by which

scat collections occurrecl. About 70% of the faecal collection occuned during fall and

winter, which could have excluded irnporlant seasonal hatches, spawns, ancl calving

periods.

Livestock, prirnarily cattle, occur in great numbers al'ound the study area.

Livestock depredation by wolves is well documented throughout tl.re world (Pullianien

1965, Fritts and Mech 198l, Gunson 1983, Tompa 1983, Vos 2000). No evidence of hair

fi'om cattle was founcl in 369 wolf scats, altliough it should be pointed out that none of the

scat collectecl where found outside of RMNP boundaries. If livestock depreclation does

occur, it is so ir, frequent tliat this type of analysis could not detect it. Ungulate species

plobably provide an adequate natural prey base promoting a clisinterest in livestock (Vos

2000). In addition, forays on to agricultural land may present too great a risk as wolves

often lrave negative encounters with humans (Mazzioli et al2002).

Tliis and past studies show that a substantial portion (>50%) of the RMNP wolf's

diet is elk. Ecosystem modification, such as plescribecl bums and herd reduction

(hunting aricl cull) will influence prey populations, which in turn affect populations of

predators. Often, n'ìanagement decisions about a single species (i.e. elk herd reduction)

do not take into accoullt the repercussions for othel species in the ecosystem. The

leduction of the elk population in the RMNP herd, to aid in the eladication of M. l:ot,is
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from the ecosystem, may have dire affects on the park's wolf population and the

dynamics of the ecosystem.

27



2.8 Literature Cited

Azevedo, F.C.C., Lester, V., Gorsuch, W., Lariviere, S., Wirsing,4..1., Mun'ay, D.L.
2006. Dietaly breadth and overlap among five syrr-rpatric ptairie carnivores.
Journal of Zoology, 269(l): 127 -135; May 2006-l 35, 9pp.

Bailey, R. H. 1968. Notes on the vegetation in Riding Mountain National Park,
Manitoba. Depafiment of Forest and Rural Development, Forest Management
lnstitute, Ottawa. 80 pp

Banfìeld, A. W. F. 1974. The mammals of Canada. University of Toronto Press,
Tol'onto, Ontario.

Biswas, S. and Sankar, K. 2002. Pley abundance and food habits of tigels (Panthera
rigris tigri,s) in PencliNational Park, Maclhya Pradesh, India. Joulnalof Zoology
London 256:411-420.

Boyd, D. K., Ream, R. R., Pletscher, D. H., and Fairchild, M. W. 1994. Prey taken by
colonizing wolves ancl hunters in the Glacier National Park area. Joumal of
Wildlife Management 58, 289-295.

Buchner, A. P., P. Canlichael, G. Dickson, I. Dyck, B. Fardoe,.l. Haug, T. .lones, L.
.Tones, D. Joyes, O. Mallory, M. Mallot, D. Meyer, D. Miller, R. Nash, L. Pettipas,
C. T. Shay, E. L. Syrns, M.A.Tisdale, J. P Whelan. 1983. Introducing Manitoba
prehistoly: Papers in Manitoba archaeology popular series, Number 4. Mariitoba
Departrnent of Cultulal Affairs and Historical Resources. Manitob a. 225 pp l.

Carbyn, L. N. 1974. Wolf predation and behavioural interactions with elk ancl other
ungulates in an area of high prey diversity. University of Tolonto.

Cat'byn, L. N. 1980. Ecology and Management of Wolves in Riding Mountain National
Park, Manitoba. Canadian Wildlife Seruice, Edrronton, AB 184 pp.

Carbyn, L. N. 1983. Wolf predation on elk in Riding Mountain National Park, Manitoba.
.lourrral of Wildlife Management 47:963-976.

Calbyn, L. N. and Kingsley, M. C. 1979. Summer food habits of wolves with the
emphasis on nloose in Riding Mountain National Park. Proceedings of the Norlh
Anrerican Moose Conference Workshop 15: 349-361.

Carùyn, L. N., Oosenbrug, S. M. and Anions, D.W. 1993. Wolves, bison ancl the
dynamics related to the Peace Athabaska Delta in Canada's Wood Buffalo
National Park. Circumpolar Research Series, no. 4. Canadian Circumpolar
Institute, University of Alberta, Edmonton, AB. Canada.

28



Ciucci, P.. Boitani, L., Pelliccioni, E. R., Rocco, M., and Guy, l. 1996. A compalison of
scat-analysis methods to assess tlie diet of the wolf (Cais lupu.s). Wildlife
Biology 2,37-48.

Colwill, W. L., and .Jamieson. S.M. 1972. Agassiz archaeological research: Report on
plelirlinary survey of Riding Mountain National Palk 1971 . Unpublished Reporl
fol Deparlrnent of Indian Affairs and Norlhern Development. Manitoba. 166 pp.

Darimont, C. T. and Paquet, P. C. 2000. Tlie grey wolves (Curtis lupus) of British
Colurnbia's coastal rainforests: finclings fi'om year'2000 pilot study and
conservation assessment. Prepared fol the Raincoast Conservation Society.
Victoria, BC. 62 pp.

Darinront, C. T. and Reimchen, T.8.2002. lntra-hair Stable Isotope Analysis lrlplies
Seasonal Shift to Salmon in Grey Wolf Diet. Canadian.lournal of Zoology. 80,
1638-1642.

Ecosystem Conselvation Plan Tearn. 1997. Riding Mountain National Park ecosystem
conservation plan. Unpublished report for Parks Canada (Deparlrnent of
Canadian Heritage). Manitoba. 111 pp.

Floyd, T. J., L. Mech, D. ancl Jordan, P. .1. 1978. Relation wolf scat contents to prey
consumed. Journal of Wildlife Management 42:528-532.

Flitts, S. H. and Mech, L. D. 1981. Dynamics, nloverrents and feeding ecology of a
newly protected wolf population in northwestem Minnesota. Wildlife
Monographs 80: l-79.

Gunson. J. R. 1983. Wolf pledation of livestock in westem Canada. Pages 102-105 inL.
N. Carbyn, editor. Wolves in Canada and Alaska. Canadian Wildlife Service
Reporl Number 45.

.Ianriesou, S. M. 1974. A syntl.resis of archaeological research in Riding Mountain
National Park to 1973. Unpublished Report for DepaÍment of Indian and
Northern Affairs. Manitoba. 241 pp.

Kennedy, A. .1. and Carbyn, L. N. 1981. Identification of rvolf prey using hair and feather'
l'emains witli special reference to westem Canadian National Parks. Unpublished
CWS report.

Kohila, M. and Rexstad, E. A. 1997. Diets of wolves, Canis lupus, in logged and
unloggecl folests of southeastern Alaska. Canadian Field Natulalist. 111:429-
43s.

Mazzioll| M., Graipel, M. E. and Dunstone, N. 2002. Mountain lion depledation in
southem Brazil. Biological Conservation 105; 43-51.



Meleshko, D. W. 1986. Feeding liabits of synpatric canids in an area of moderate
ungulate density. M.Sc. Thesis. l-Jnivelsity of Alberta, Edmonton, AB.

MooLe, T. D., Spence, L. E. and Dugnolle, C. E. 1974. Idenfification of the dol'sal guald
hairs of solre rìlarrlûrals of Wyorling. Wyoming Game and Fish Depaflment,
Cheyenne, WY. 177 pages.

Paquet, P. C. 1989. Behavioural Ecology of Sympatric Wolves (Canis lupus) and
Coyotes (Cattis IuÍrutts) in Riding Mountain National Park, Manitoba. PIiD.
Tlresis, University of Albena, ,\B 227 pp.

Paquet, P. C. 1992. Prey Use Strategies of Sympatric Wolves ancl Coyotes in Riding
Mountain National Park, Manitoba. Joumal of Mammalogy 73,337-343.

Paquet, P. C. and Carbyn, L. N. 2003. Wolf, Cani,s lu¡tus. Wild marnmals of Nonli
America: biology, management, and conservation. In G. A. Feldhammer, B. C.
Thompson and J. A. Chaprnan. .lohns Hopkins University Press. Baltimore, MD,
USA.

Pederson, .1. C. and Tuckfield, R. C. 1983. A comparative study of coyote food liabits on
two Utah deel herds. Great Basin Naturalist 43,432-437 .

Pettipas, L. 1970. Early man in Manitoba. Pages 5-28 in W. M. Hlady, editol'. Ten
thousand years: archaeology in Manitoba. D. W. Friesen and Sons, Lilnited,
Altona, Manitoba.

Pullianinen, E. 1965. Studies on the wolf (Canis lupus) in Finland. Annals of Zoologica
Fenniscand ia 2: 21 5 -259.

Reeves, B. 1970. Culture dynaniics in the Manitoba glasslands 1000 B.C - A.D. 700.
Pages 153-174 in W. M. Hlady, editor. Ten tliousand years: archaeology in
Manitoba. D. W. Friesen and Sons, Limited. Altona, Manitoba.

Reichel, J. D. 1991. Relationships among coyote food habits, prey populations, and
lrabitat use. Nofihwest Science 65, 133-137.

Riding Mountain National Park Round Table. 1996. Management Plan for Riding
Mountain National Park. Depaftment of Canadian Heritage, Wimripeg, Manitoba.
43 pp. + appendix.

Rowe,.l. S. 1972. Forest regions of Canada. Departrnent of the Environment. Canadian
Forestly Seruice. Ottawa, Ontario. 172 pp.

Scott, B. M. V. and Sliackleton. D. M. 1980. Food habits of two Vancouver Island wolf
packs: A prelirninary study. Canadian.Journal of Zoology 58.1203-1207.

30



Thebelge,.l. 8., Oosenbr-ug, S., ancl D.H. Pimlott, D. H. 1978. Site and seasonal
variations in food of rvolves, Algonquin Palk, Ontario. Canadian Field Naturalist
92.91-94.

Tompa, F. S. 1983. PLoblem of wolf managernent in British Columbia: conflict and
program evaluation. Pages 112-119 in L. N. Carbyn, editor. Wolves in Canacla
and Alaska. Canaclian Wildlifè Seryice Report Number 45.

Ut'ton, 8..1. 2005. Population Genetics, Foraging Ecology, and Trophic Relationships of
Grey Wolves in Central Saskatchewan. M.Sc. Thesis. University of
Saskatchewan, Saskatoon, SK.

Vos, .I. 2000. Food habits and livestock depredation of two Iberian wolf packs (Cunis
lupus.signullrs) in the north of Portugal. .lournal of Zoology London 251 457-
462.

Wang, G. G. 1995. Statistical analysis of a vegetation database for Riding Mountain
National Park. Park Service, Enviroment Canada, Manitoba. 65 pp

Warkentin, J. 1967. Human ltistory of the Lake Agassiz region in tlie l9th century.
Pages 325-338 in W. .T. Mayer-Oakes, editor. Life land ancl water: Proceedings of
the 1966 conference on envilonmental studies of'the glacial Lake Agassiz legion.
The Univel'sity of Manitoba Press, Winnipeg, Manitoba. Canada.

'WeaveL,.l. L. and Fritts, S. H. 1979. Conipadson of coyote and wolf scat diameters.
.lournal of Wildlife Management 43 , 7 86-'188.

Weaver, .T. L. 1993. Refining the equation fot interpreting pley occufl'ence in grey wolf
scats. Joumal of Wildlife Management 57:534-538.

3r



3.1

Chapter 3.0

Macro- and Micro- Parasites of Grey Wolves (Canis lupus\ in
Riding Mountain National Park

Introduction

Disease monitoring is an imporlant aspect of a multidisciplinary approach to the

conservation of uncommon species, such as wolves, as the introduction of existing or'

new cliseases could have devastating consequences to an isolated population (Grenfell

and Gulland 1995, Marathe et aI.2002, Moreno and Alvar 2002). The wolves (Cani,;

lupus) of RMNP are thought to be a genetically discreet population (Wilson et al. 2000,

Arndt, Geneticist, pers. comm.2002) with approxirnately 80 individuals (T. Hoggins,

Park Warden, pel's. corllm. 2007). Tlapping/hunting, habitat loss just beyoncl the

boundary RMNP, and disease transmission fi'om other wildlife species such as elk

(Cen,us elaphu,s) and coyote (Conis latran.s) are potential threats to the persistence of tliis

genetically isolated wolf population (Carbyn 1980). Transmission of disease to wolves is

likely thlough ingestion of infected prey, interaction with other predators or water

(Moleno and Alvar 2002, Bruning-Famr et al. 2001).

As parl of tlie ongoing RMNP monitoring progralrr, rvolf f-aecal samples were

collected fì'orn trails in Riding Mountain National Palk of Cariada, and sent to the

University of Saskatoon, College of Vetelinary Medicine, Clinical Parasitology

Labolatory, for examination for macro- and micro parasites. The objectives of this study

were; to identify parasites and parasite products in the wolf faeces; to establisli a baseline

for the prevalence of macro- and rniclo-palasites in wolves of RMNP; and to compale the
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pl'evalence of these parasites across the RMNP landscape. Descriptive ancl spatial

analyses of the fìndings are presented in this thesis chapter.

3.2 Materials and Methods

Frotn Septembel'2001 to March 2003,320 faecal samples were collectecl fi'om

wild grey wolves in RMNP, Manitoba, Canacla (Appendix 1 & Figure 10). The palk

covers 3000 km2 ancl is located at the transition of 3 major vegetation comrnunities;

boreal rnixed-wood fbrest, prairie grassland, and forest-prairie overlap. Scat sarnples

were collected year rouncl cluring routine warden patrols and on deliberate gatliering

excursions. Only sarnples with a diameter of greater tlian 2.5 centimetres and those of

definite wolf oligin were used.

The samples were stored at -20oC until sub-samples were taken and sent to the

University of Saskatoon, College of Veterinary Medicine, Clinical Parasitology

Labolatory.

Before handling of wolf scat for parasitological and CPV exar-nination, samples

were placed in a freezer at -80nC for 3 day to kill Echinr¡coccu,s grctnukt,s¿/,e eggs.

Sarnples rvere then stored at-20oC until final examination.
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Figure 1 0. Distribution of wolf faecal salnples analyzed for palasites from RMNP
collected Sept. 2001 to March 2003.

3.2.1 Parasitologic Examination

After a 1-hour thaw, sub-samples of 4 grams were placed into a labelled paper

cup. Fofty ml of HzO was added and mixed with the scat using a tongue depressor. The

mixture was then filtered through 5O-wt cheesecloth into a second labelled cup. Five ml

of the 10% aliquot was placed into labelled test tubes. Eight ml of watel wele added to

tlie test tubes ancl then centlifuged at 1500 rpm for 10 minute as a washing step. The

superuatant was poured ofïand the sediment resuspended in the Sheather's flotatiou

solution (Appendix 2) and mixed. The tubes were filled until a slightly convex meniscus

appeared and a cover slip applied. The tubes were centrifuged again at 1 500 rpm for 1 0

lninutes. Following that, the covel slips wel'e relroved and placed on microscope slide

for examination of parasitic stages and results recorded. All parasitologic analysis was

completed by the same person to ensure consistency tluoughout data collection. (8.

Wagner'. Parasitologist, pers. conìnl. 2003)

ryki',*.w
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3.2.2 Giardia and Cryptosporidiunt

All faecal sarnples rvere microscopically examined for Giardia and

Cryptosporidium cysts and oocysts usir-rg the Cyst-a-Glo'n'Kit Fluolecein-labeled, f.or

Simultaneous Direct Immunofluorescence Detection. (8. Wagner, pel's. colt1lll. 2003)

3.2.3 CPV

Sub-sarnples fi'orn 106 faeces were inoculated into a 12.5-ctn'tissue cultul'e flask

of CRFK (Crandall's feline kiclney) cells grown in Dulbecco's Modified Eagle medium

(DMEM) with 5% gamma irradiated foetal bovine serurll and incubated aI37 degrees ftrr

5 days. Tl-re monolayers were scraped off and a cytospin preparation of the cell

suspension was made on a glass slide. The cells prep was examined for the presence of

CPV-2 inf.ected cells by FAT (fluorescent antibody technique) using a monoclonal

antibody raised against CPV-2 that recognizes CPV-2 and fèline panleukopenia virus.

(K. West, Virologist, pers. corur. 2003)

Statistical analyses perfomred were sulnrllary statistics and the Mantel test with

both unalteled and natural logged data sets. P <:0.05 was considered signifìcant.

3.3 Results

Flotation exarnination revealed 1 parasite in228 (71.3%) of 320 samples.

Seventy-nine (24.7%) had 2 s¡recies of parasife,22 (6.9%) had 3, and 2 (>1olo) scats were

infected with 4 and 5 palasite species each (Figule I I ). The detailed data for parasites in

the 320-scat samples are shown in Appendix 3. Sarcocysts ancl Taeniids were found

nrost frequently in the sarnples, occurring in 1201320 (37 .5%) and 108/320 (33.80%),

respectively. Of special conceln is the percentage of scat found with Giardia (2I.9%).
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Tlie initial source of Giardiu ancl clown stream uses of waterlvays may have implications

to the health of othel wildlife and humans (Chilvers et al. 1 998).

Figure 1 1. Scat Palasite Species Diversity - shows number of parasite species found in
each scat.

Parasíte Species Diversity
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The percent (%) prevalence is definecl as the proporlion of sarnples showing the

presence of parasites. Mean intensities in positive samples rvele calculated ignoring the

negative samples (Table 4, Figure l2 and 13).

Table 5. The %o occurrence and mean number for each palasite in wolf (Cunis |u¡nts) sca|
fì'orr Riding Mountain National Palk. Faecal samples wele collected frorn September
2001 to Malch 2003.

Palasite (n:320) Occurrences o% Prevalence Sum of Parasite Mean Intensities

Aluriu 3l 9.70% 378 12.19

Cupilluriu 6 1.90% 8099 1349.83

Cr,¡ccidia 10 3.10% 82s 82.50

Cnptc.tsporidiunt 0.30% 800 800.00

Dentoclex 030% I 1.00

Ginrdict 70 2190% 251 8l 359.73

Moniezict 1J 0.90% 262 87.33

Surcoc.\¡sts 120 3750% 550'.765 4589.71

Tcteniid 108 33.80% 866s0 802.3 r

Toxuscaris 3 0.90% 274 91 .33

Toxocuru 030% 7 7.00

Trichut'is 1l 3.40% t71 15.55
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The mean densities for all the samples rvere calculated sepal'ately (Table 5).

Table 6. Summary statistics of parasites in all (n:320) wolf scat fi'om Riding Mountain
National Palk of Canacla. Faecal samples rvele collected fi'om September 2001 to March
2003.

Parusite (n:320)

*Iärtti:,. t.2 0.3 6.2
25.3 20.2 360.5

2.6 1.2 21 .8

2.5 2.5 44.7
0.003 0.003 0.1

iíliii'dlí,;¡l* 78.7 t4.9 267.6
0.87 0.6 9.96

1721.1 286.4 5123.26
270.8 I 18.1 2112.16

0.9 0.6 10.86

0.02 0.02 0.4
Trlehaiili 0.5 0.4 6.5

The Mantel analyses with permutation test reveals that distributions of palasites

plesent in wolf scat are even across RMNP, i.e. no "hot spots" of palasite prevalence

occur in any particular region of the park. Tlie slight trend fì'om nofihwest to soutlieast

can be attributed to the collection regime of scat accolding to the Mantel analyses. Any

trend towal'd seasonality in parasitic presences can also be attributed to scat collection

bias in winter months.
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3.4 Brief description & spatial distribution of parasites found in wolf

scat from RMNP.

3.4.1 Alariu sp. (Indirect infection to definitive host (e.g. wolf) - up to 4
intermediate hosts)

This parasite is of interest because of its complex life cycle in which a canicl

species acts as tlie definitive host. The adult worlrls infèct the small intestine of a canid

where eggs ale laid and pass out with the host f'aeces. Aftel hatch, the larval stage locates

and penetrates an aquatic snail. The sporocyst stage develops in the snail over a period of

about 1-year, when they escape fi'om the snail, swim to the surface of the water, and seek

out another intennecliate host, such as a tadpole. When they contact the tadpole and

penetrate, they form a rllesocercaria, the infective stage fol the next liost. This stage

lemains inf-ective during the peliod in wliich the tadpole metamorphosis to the frog (Bush

et al.2001).

The transmission frorn tadpole to canicl is quite unlikely, but if eaten by a third

intemediate host such as a muskl'at the mesocercaria burrow into the host tissue ancl

remain as infective ulesocel'caria. The musklat, when eaten by the definitive host

(canids) releases the mesocercaria, whicll penetrate the gut wall entering the coelum ancl

move to the diaphragrn and lungs wliere they transf-om into a diplostornulum

metacercaria. The metacercalia migrate up tl-re trachea, are swallowed, and mature in the

small intestine, after about I -month. The matule worllls are vely pathogenic often killing

the host (Bush et al. 2001). (Figulel4.l )

41



'{þ sn.r,*",

Figure 14.1 . Aluriq Lifecycle
t'ÍTp:Ilparasitology.informatik.uni-wuerzburg.cle/login/bÁleI4248.png.php

The distribution of wolf scat containing Alaria is consistent with the dish'ibution

of scat collection. There is no real concentlation or focal point for this parasite in the

park. The distlibution is shown in Figure 14.2.

Figule 14.2. Alariu distribution flom RMNP faecal samples collected Sept. 2001 - Marcli
2003.
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3.4.2 Capillaria (Accidental in wolf through prey)

Tl-ris parasite is founcl prirnarily in rodents, although it has been leporled in

canines and humans. The adult fèmale produces eggs, but few of these eggs are passecl in

the host's fàeces. Eggs are passecl on when a predator (wolf in this case) eats the infected

host. The eggs are then released fi'om the rodent's tissLle and passed in the predator's

faeces. Once l'eturned to the soil, the eggs are ingested by the next host (rodent) and

hatch in the small intestine. The larvae enter the blood stream ancl are transported to the

liver. Once in the liver the juveniles grow into sexually mature aclults (Bush et al. 2001)

(Figure 15.1.)

Figure 15.1 . Capilluria Lif'ecycle
htþ ://parasitology. inf'onrratik. uni-wuezburg. de/login/fi'ame. php
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The distribution of rvolf scat containingCupilluriu rnay be f-ocused around the

Audy Lake region of the palk. The distribution is shown in Figure 15.2.

& rw -ß

Figure 15.2. Capillari¿r distlibution fi'om RMNP faecal samples collecTed Sept.2001
Malch 2003.
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3.4.2 Coccidia - Eimeria spp. (likely species for R.MNP scat samples)
(Accidental in wolf through prey)

A host is infected when it ingests infectecl faeces fi'om another Ìrost or preys on

infected rodents. The palasite reprocluces in the gut and it is passecl in tlie host's faeces.

Typically, when eggs are passed in the faeces, they al'e not infective until several clays (or

weeks, depending on the species) outside of the host's body. The eggs complete

development, becorning infèctive to the next host (Bush et al. 2001). The distlibution of

scat infected with Coccidia is shown in Figure 16.

fe& *#
Figure 16. Coccidia distribution from RMNP faecal samples collected Sept. 2001 -

March 2003.
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3.4.4 Cryptosporidium is an accidental infector of u,olves tlrlough water. It

lives in the small intestine and is passed in the faeces. The contamination of drinking

water *i1þ Ç1tpto.s¡toritliunt fì'om agricultural "run-off' (i.e. drainage fi'om pastures) can

cause sevel'e diarrl-rea in both animals and human. Death may occur in

immunosuppressed individuals (Deng et al. 2000; Fayer et al. 2001 ; Buckley ancl

Warnken 2003; Medica and Sukhdeo 2001).

TIre life cycle of most Crltptosporidiunt species is completed within the

gastrointestinal tlact (prirnarily the small intestine) of tlie host, with developmental stages

being associated with the luminal surface of the mucosal epithelial cells (Figure 17.l).
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Figure l7 .1. Cry;pto,sporidium Lifecycle.
http ://www. cryptosporidiuni. itlind ex.pþ?id:O I 02
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The single occun'ence u,olf scat containing Cryptosporidium is shown in Figule

t'7.2.

& rw *.F

Figure 17 .2. Crytptospot'itliunt distl'ibution fi'om RMNP fàecal samples collected Sept.
2001 - Marcli 2003.
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3.4.5 Demodex spp. (Follicle mites) (Accidental ingestion by wolf
through grooming or prey infection)

Follicle mites infect many species of mammals and are host specific. Canids are

infectecl with D. cunis (the dog f-ollicle mite), wliich can cause red mange or canine

demodectic mange. This rnite can cause severe skin problelns in infected canids,

including signihcant loss of hair and skin rashes (Bush et al. 2001) (Figure 18.1).

Demødex üanis'i{

NymBhs mslt tp
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-3L ¿Ãv.
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*^

e
, {3 .Fernaler lay
,.'j'' í.i eggs tn
' i ,t " follicles arid

slandc

l*arvae molt ts
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Ëggs hrtdr into
bix.legged Narvae in
follides and glands

Figule 18.1. Dentoclex Lifè Cycle
http ://www. cvm. okstate. edu/instruction/nur_curlparasitolo gyl 1 Den-roLi fe.htm
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The single occun'erìce wolf scat containing Demodex is shown in Figure 19.2.

& reü '.*

Figure 18.2. Dentode;r distribution from RMNP faecal samples collected Sept. 2001 -
March 2003.
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3.4.6 Giardict (Accidental infection of wolf through water)

Giurdiu spp. lives in the srnall intestine of the host. Cysts are vely hearty, and

pass in tlie faeces of an infected host. Ingesting infected food or water infects the next

hosl. Giardia adheres to the lining of the small intestine, and may cause no sytnptoms or

very to severe, chronic dianliea (in heavy infections). Giut"tliu infects animals,

particularly beavers, and wolves rnay contract giardiasis from dlinking stream water or

consuming beavers. Some authorities believe that wildlife infections result fi'om streams

contaminated with human faeces (Buckley and Warnken 2003).

GÌurdiu is found in rvolf scat throughout RMNP (Figure 19).

å j* -$

Figure 19. Giardiu distribution from RMNP faecal samples collected Sept. 2001 - March
2003.
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3,4.7 Moniez,ia spp. (Accidental in wolf through prey - up to 2 hosts)

Moniezia spp. adults are tapeworrns found in the intestines of sheep and cattle.

Eggs pass in the faeces and are soil mites. The soil mites harbour the palasite until the

definitive host, sheep, cattle or elk eats the infected mite. Canids contract the parasite

through ingestion of the ungulate host carriers (Busli et al. 2001) (Figure 20.1).

ïre ståges rf the llvÉr fluke look mach dltrler€nt frBm eå{ñ ßthrr

çarðt catr çæriã çlrt
ànd tþåcDrn€ lßfÊctÊ6,

CÉrÉrtå iyg, ôñ pi¿¡it

Figure 20.1. Moniezia life cycle
http ://wrvw. ima gecyte. com/parasites.html
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Tlre occun'ence of Mrntic-zir¿ seems to be centered in the Wrirlpool Lake Area of RMNP
(Figure 20.2)

Ë r{& ^ø

Figure 20.2. Moniezir¿ distribution floln RMNP faecal samples collected Sept. 2001 -
March 2003.
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3.4.8 Sarcocystis spp. (Indirect infection to definitive host (e.g. wolf) - 2
intermediate hosts)

There are a number of species of Surcoc.y,st¡.r', all of which need 2 hosts to can'y on

the life cycles. ln most instances, the intermediate host is a hoofed animal (elk), and

many species of canids willbe tlie definitive liost. The definitive host is infected when it

ingests tissues (meat or prey) containing sarcocysts. In the definitive host (wolf). the

parasites infect the small intestine and eventually pass in the faeces. The intennediate

hosts will inadverlently ingest the parasite, left by the wolf faeces, while grazing ancl

complete the cycle within this intenlediate host (Bush et al. 2001) (Figure 21.1).

Figure 21.1. Surco¿'yslis spp. Life Cycle
Irttp : //www. rlichigan. gov/dm /0, 1 607,7 - 15 3 - 1 03 7 0_ l 2 1 5 0 _1 2220 -27 27 2 - -

,00.html
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Surcocj¡sli.s spp. seerns to be ubiquitous throughout RMNP, as shown in Figule

21.2.

& rw -p

Figure 21.2. Surco¿'r¿s¡¡ distlibution fì'om RMNP faecal samples collected Sept. 2001 -
March 2003.
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3.4.9 Taenia spp. (Indirect infection to definitive host (e.g. wolf) - 2
intermediate hosts)

All species of Taeniu have similar life cycles. The adult tapeworm lives in the

definitive host's small intestine. Proglottids, whicli contain eggs, break ofïthe posterior

end of the tapewonr, and these proglottids are either passed intact in the host's faeces or

tliey dissolve in the host's intestine and eggs ale passed in the faeces. The interrnediate

host is infected when it ingests the eggs, and a cysticercus clevelops in the intermediate

host. Tlie definitive host is infècted when it eats an intermediate host infected with the

parasite (McNeill et al. 1984; Shimalov and Shimalov 2000) (Figure 22.1).
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Tuenict spp. also seerrs to be ubiquitous throughout RMNP, as shown in Figure

22.2.

Figure 22.2. Tuenii¿l distribution fi'orn RMNP faecal samples collected Sept. 2001
March 2003.
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3.4.10 Toxocara and Toxascaris spp. (intestinal roundworm) (Accidental
in wolf through prey)

The life cycle of Toxocara and Toxascaris, a corìlrnon roundrvonl of canids, are

vely similar. If an animal, such as a rodent, eats infective eggs of these parasites, larvae

will develop in this animal. If a canid then eats this animal, the canid is infected. The

eggs of these parasites are extremely resistant to adverse environmental conditions, and

once an area is contaminated with eggs, it is vely difficult to sanitize the area (Bush et al.

2001) (Figure 23,1).
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Figure 23.1 Roundwol'rll Life Cycle
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The ferv occurrences of roundwonr are siruated in the Ministic Lake area of

RMNP (Figule 23.2).

& rw -p

Figure 23.2. ktxocar¿¡ distribution fi'om RMNP faecal samples collected Sept. 2001 -

March 2003.

58



fw -F

Figure 23.3. Toxuscaris distribution fromRMNP faecal samples collected Sept.200l
March 2003.
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3.4.11 Trichuris spp. (Whipworms) (direct lifecycle in wolf)

Approximately 60 species of whipworms infect mammals. The adult, canine

wlripworm, T. wrlpis.lives in the host's large intestine. Eggs are passed in the host's

faeces, and are eaten by the appropriate host to hatch in the small intestine. Most

infections of whipworrrs cause no problems but because the worms live a long time ancl

can reinfect constantly, heavy worrrr bul'clens can develop. Symptorns of whipworm

infection can include dialrhea, dysentery, and anaemia (Pozio et al. 2001; Bush et al.

2001) (Figule 24.1).

Figure 24.1 General Trichuris spp. Life Cycle
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The Trichurr.r spp. is found in wolf scat sporaclically thloughout RMNP (Figure

24.2).

& rw .,#

Figure 24.2. Tricht¡¡'¡.s distribution from RMNP faecal sarnples collected Sept. 2001 -

March 2003.
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3.4.12 Canine parvovirus (CPV) (direct lifecycle in wolf)
CPV is a lelatively nerv clisease, fìrst appearing in the mid- I 970s and now

ubiquitous throughout the world. The clisease is highly contagious and spreads rapidly in

canids. Infection is tl-u'ough the oralinasal route when contarninated faeces al'e contacted.

The virus reproduces in lymph nodes and the upper respiratory system. One to 5 days

after infection the virus enters the bloodstream where it travels to the small intestine and

attacks the intestinal epithelial cells resulting in diarrhea. The srnall intestine may be

darlaged so much that normal gut fauna (bacteria) rlay gain access to the bloodstrean-r

resulting in secondary bacterial infection. Fecal shedding of tlie virus begins 3 or 4 days

aftel the animal is exposed (before the onset of clinical signs). One week after recovery

viral shedding ends. The virus rernains infectious in the envirorunent for over 6 months.
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Figure 25 shows the clistlibution of wolf scat tested fol CPV in RMNP, all were

negative.

#rfr J
Figure 25. Distribution of 106 fàecal samples collected (Sept. 2001 - March 2003) and
tested for CPV. All were negative fol CPV.
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3.5 Discussion

The investigation of some 320 scat samples, collected from Septernber 2001 -

March 2003, in RMNP, detected l2 intestinal parasite species. Other published results of

intestinal parasite species richness are in the range of 5 in a Quebec study fo 24 in

Byelorussia (McNeill et al. 1984, Shimalov and Shimalov 2000, Segovia et al. 2003).

Altlrough the overallprevalence of parasites in wolf scat from RMNP is aL95o/o (n:320),

a Poland study showed a prevalence rate of $.5% (n:52) (Kloch et al. 2005). The

prevalence rate in RMNP is more comparable to wolf autopsy data fi'om pafts of Europe

at100o/o (Gubertí et al. 1993) and 96% (Segovia et al. 2001). Theref-ore, this study has

probably given a realistic examination of overall plevalence rates of parasite load in

RMNP wolves.

The maxirnum parasite species diversity was 5 in 2 scat (Figure 1 1). This is

comparable to repofts fi'om other studies in North America and Europe (Choquette et al.

1973, Kloch 2005). Exact identities of species wele not detennined, but as in other

studies, Tueniitls were I of the mole abundant parasites found a|33.8% prevalence

(Figure 12 and 13). In Kloch et al. (2005) Taeniids had a prevalence of almost 40% 1n

Polancl. The presence of certain species oî Tueniicls is believed to increase with host age

and may suppress host imrnune response (Behnke et al. 1999, Guberli et al. 1993).

Another prevalent parasite in RMNP wolf scat is the ,Sr¡r¿'r.¡ q)sÍs. lf rvas found to

be present in 37 .5% of tlie wolf scat examined (Figure l2 and I 3). This is a single celled

organisrn found throughout the rvorld and is rnost cefiainly present in the prey species of

RMNP wolves (P. Rousseau, Park Warden, pers. comm. 2005). The rate of infection is

probably not surprising and future l'esearch may plove this the nomt.



Gictrcliu spp. is ftrund af a 22%o prevalence rate in RMNP wolf scat (Figule 12 and

13). Because these palasites are corl1lllonly found in young animals, this niay suggest a

large proportion of young wolves in the park. The role of wildlife in the spread of this

parasite rnay have management implications fol'backcountly users of RMNP. Further

study will detemrine if this distribution is an anomaly or if this parasite is incleed a thl'eat

to human users of the park.

The 9 other parasite species detected iri this study were at less than 10%

prevalence (Figure 12 and l3). Specieslike A|ario, Trichuris, and Cocciclict are

considered satellite species by Segovia et al. (2003). As a gloup, they are abundant, but

indiviclually they are liniited in numbers. Their presence may be an indication of a

healthy intestinal community for wolves in RMNP and therefore an indication of a

liealtliy functioning regional ecosystem (Hudson eT aI.2006, Keesing et al. 2006). The

data tabulated for these and the other parasites can act as a baseline for comparison when

further reseal'ch can be completecl. Slight spatial and temporal trends, when present, can

be attributecl to collection regime aftefacts.

Canine paruovirus is a disease of concern for any small, isolated population of

wildlife (Mech and Goyal 1993). Although recent cases have not been reported in the

RMNP wolves, it is known that CPV antibody are present in blood serurll taken fi'om

lecently collared animals (Vik Stronen, IINB Research Student, pers. cotllm. 2006). This

disease is not necessarily a concenl for older animals as they are shown to become

immune once exposed. Pups are much more susceptible upon infection and are more

prone to death (Jolmson et al. 1994).
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3.6 Conclusions

Wolves have a lich ancl diverse pal'asite species cornmunity. These results leave

no doubt about the need to include parasites and diseases in any comprehensive study of

wolf ecology. Because the fi'equency of locating fì'esli scats is usually high in rnost o1'the

wolf areas, parasite conpositions in scats can be useful in monitoring wolf health,

parlicularly in areas where wolf sightings are rare. Besides a number of questions

legarding individual healtl-r, pack demographics, prey choice, tenitorial behaviour,

Inovement patterns, and leproductive success in relation to parasite loads can be worlh

investigating (Hudsori et al. 2006).

Parasites have complex interactions with their liosts and the envirorulent.

Vadous fàctols including spatial location, season, host characteristics (behaviour,

genetics, natural and acquired imrnunity), as well as the life cycles of tlie valious

palasites, determine the level of infection on the host. Bef'ore this study, the presence and

prevalence of gastrointestinal parasites in wolves, fbund thlough scat analysis, has not

been documented in RMNP. These data will be used as baseline infonnation fol'

comparative analysis fol ful'ther investigations.
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Chapter 4.0

Summary, Conclusions and Recommendations

4.1 Summary and Conclusions

The focus of this thesis were to quantitatively assess the dependence of wolves on

tlie faunalcomponents of tlie RMNP ecosystem by way of measuring relative

consumption of prey species and to gather baseline infonlation on the ulacro- and micl'o-

parasites present in the wolves thlough scat analysis.

A basic conlponent of wolves continued existence in an area is the clistribution

and abundance of prey (Carbyn 1980). ln Chapter 2, I showed that wolves use a wide

variety of prey. suggestive of a wolfls generalist nature. In RMNP, wolves are

inextricably linked to tlie elk population. Indeed, elk, in biomass, comprise a fulì 2/3 of a

wolfls diet and are clearly, ilnportant for sustaining this wolf population. This reliance on

elk is a mainstay of human conflict with this large camivore (Boitani 2003, Callaghan

2002,Kyle and Strobeck 2002). As management actions change the number of elk in this

t'egion, wolves may become susceptible or deemed responsible fol'reduced recreational

activities.

in Chapter 3, my research provided important baseline data and insight into the

vulnerability of the RMNP rvolf population to potential disease within the envirorunent.

The data provides backglound for possible concerns about diseases entering a population

that may be genetically fragmented (Mech and Boitani 2003, Wilson et al 2000,

Woodruffe and Ginsberg 1998)

The investigative techniques used in this work may also contribute to the

development research methods that reduce needs for invasive lesearch. These techniques
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may lead to conclusions about rvhat aflèct manageulent actions ale having on animal

populations and may determine overall health of any given population.

4.2 Recommendations

Management of the wolf population in RMNP sliould f'ocus on factors both

intemal and external to the RMNP boundaries. Managernent of prey species is a key

factor wildlife managels can control. Management action may include habitat

enhancement, restoration, and ungulate monitoring and hunting season success. Other

factols are also important to the whole concept of species protection.

For RMNP, external factors play critical roles in wolf conservation. Involvement

of stakeholdels in wilcllife considerations should extend beyond politicalboundaries of

the Park. Teamwork is vitalto the management of any large-scale species. Riding

Mountain National Park would benefit fi'om participating in open dialogue with valious

stakeholders about the wolf research occurring in RMNP and asking for their input.

Interested parlies may include Manitoba Department of Natural Resources, Duck

Mountain Provincial Palk, trappers, landownels, Filst Nations groups, various

envirorunental groups, suuounding school groups, the Riding Mountain Biospliele

Resele, universities, and other researchers. Working with these individuals and gloups

would create bettel understanding of RMNP wolf population trends, habitat requirements,

and usage, and benefits of a persistent wolf population.

4.3 Specific Recommendations

4.3.1 Reassess Wolf Diet Through Scat Analysis.

The data detailed fol this thesis was collected in 2002 and 2003. This is before elk

management regimes had any marked effect on the RMNP elk populations. The RMNP
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elk population is currently at lower levels compaled to previous years. The imporlance

of elk, as the prirnary prey species, should be recalculated. A shift fi'om higher relative

elk populations to liigher relative lnoose populations.

4.3.2 Reassess Wolf Parasites Through Scat Analysis.

The baseline data collected for this thesis was collected in 2002 arid 2003. A

sampling regime of every 5- 1 0 years is recommended to capture drastic changes in

parasite prevalence in the local wolf population. After a determination is made

conceming wolf diet in association with prey population variability, it would be of

interest to verify if the parasite diversity and abundance has changed, as well.

4.3.3 Monitor Wolf Population Trends.

As with rnost wildlife species, it is impossible to detemine a complete count for a

specific populatíon (Newrnark 1995). Consequently, it is lecommencled that the arurual

snow-tlacking monitoring program be continued. The fi'amework fol'the annual

monitoring is alreacly established. Tliis method, with slight modifications taking into

account the decrease in park personnel and reduced coverage is recomllended for future

monitoring.

Continuous monitoring of the wolf population within RMNP will lielp detenline

whether populations in RMNP are increasing ol decleasing in lelation to elk population

changes. With arurualmonitoring data trends, nlanagers can detennine if further

investigation is needed into disease, human presence, ol'other stresses that may affect

wolves.
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4.3.4 Monitor wolf habitat usage of the areas between RMNP and other
wildlife refugia, (e.g. Duck Mountain Provincial Park and the
Interlake region.)

Recent habitat initiatives by the Nature Conservancy of Canacla and the Parkland

Habitat Project may irnprove rnovenlent opportunities fbr wolves. A recent study by

Aidnell (U of M research student, pers. conlnl .,2007) detennined the extent that wolves

use the travel con'idors that exist outside RMNP's boulldaries. She found no evidence of

any such rnovement. Maintaining and perhaps restoring travel conidors between RMNP

and Duck Mountain Provincial Park, as well as between RMNP and the lnterlake region

is very impofiant in the preselation of many species, not just wolves. Because disease

susceptibility increases with genetic depletion, maintaining genetic interchange through

habitat colridors may be essential fol a healthy and viable population in the end.

Conversely, increased movement between these areas may increase the likeliliood

of disease transmission to other areas and rnay dilute the genetic uniqueness of RMNP

wolves.

4.3.5 Ensure that there is stakeholder involvement when monitorino
wolf population trends.

Riding Mountain National Park rnanagers, alone, cannot achieve ecological

integrity of the RMNP region. Present partnerships can be improved, and new ones

should be established to take into account tlie ecoregion have which comprises RMNP.

For instance, provincial park officials from Duck Mountain Provincial Park, Manitoba

Natural Resources, landowners, and Louisiana Pacific Folestry Company ale examples of

the groups needed to help maintain and potentially reconstruct the travel habitat tliat links

RMNP to other wildlife soulces. Involvìng the public ol other intel'est groups in
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monitoring the wolf population is another way of obtaining suppofi and interest in Park

rnanagement. Other groups such as First Nations, outfitters, Manitoba schools and

conservation groups need to understand the importance of managing for large carnivores.

RMNP managers already undelstand the impofiance of teamwork and stakeholder

ínvolvement by the recent approaches taken with the Managenent Plan for RMNP,

building on these successes is important.

4.3.6 Watch for new and emerging wildlife diseases.

Monitor local vetelinalian clinics for new and emerging dorlestic animal diseases

that may affect tlie local wolf population. Heartwomr, Lyrne disease, West Nile virus,

Blaston,ycosis and Leishmaniasis are sorne that may be included in the surveillance

legime.

4.3.7 Determine the genetic uniqueness of RMNP wolves.

Are the wolves of RMNP unique? Are RMNP wolves in danger of the genetic

inbleeding? Is increased movernent to and from other areas going to be a dilemma to

contend with in the RMNP area? These are all questions to be answer with genetic

studies being conducted at present.

4.3.8 Movement study location intensity.

Monitoring wolf rnovement to and fiom RMNP would be greatly improved with

the use of Algos enabled GPS collars. Large movement and greater location intensity

would be very valuable in the detemrination of wolf dispersal from RMNP.
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Appendices

Appendix 1. Locations of all wolf
(Cattis lupus) scat fi'om Riding
Mountain National Park of Canada
(UTM NAD 83, Zone 14). Faecal
samples were collected fi'om
September 2001 to April 2003.
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Appendix 2

Sheather's Flotation Solution (Specific Gravity

39.66m1 Formaldehyde

30009 white sugar

2436m1-distilled rvater

4000m1 Sheather's Flotation Solution

t.26)
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Appendix 3.
les were

Raw data of parasites in wolf (Canis lupus) scat from Ricling Mountain National Park of Canada. Faecal
collected fi'orn September 2001 to March 2003.

8l



'.t
:a

i

:a
2

1:
E

a 3 c o

a c

:ìi
e

a c

c N

)

c c N

,:Ð

o d

a c

c N

1

c N

a

c N

'::
:i

.:a
l

::a
i 4 4 2 4.

.:1 il¡
r :f! ,tc ttt :.;

c

j c ç

c

c

c

a

¿

c

a

c

À

c

o

x

c c

c

n

c

c

c

Ð

c

c

c

a c

c

c

c

c

a c

c

c

a 3 c

c

c

a 3

c

c

tÉ .:a
E

:l:
:.1

7 3 c

c

o

l

c

c

7 3 c c

c

c

c

a 3 c

c

c

1

c

Ø

c

c

7

c

c

c

1 c

o

7

c

c f c

c

a

11
¿

c l c

c

o

a

o

c

l C

c

¿

ttû

a 3 c

c

c

f c

x

c

c c N

a

'.â o Þ

o

I

N

1 =

c f c

c

c

)

:,.
t'

i:Û
ê Í

c

c

a 3

o

c

c c

c

) 3

c

c

c

x

c

r.
¡

i,:
c

't

I c

{ o

c

7

c

c

f o

c

c

c

f o c

c

c

c

c

c

c

N

c

c

te
, t õ rE ,3

c

c

c

c

c

c

c

c

c

c

c

c

c c

c

c

c

c

c

c

c

c

c

a

tE :.:
8

::,
:o

c

c

c

c

c

c

c

c

c

!

c

c

.:3 ao

I

C

N c

c

c

c

o

c

c

c

c

o

N c

c

c

c

c

o

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c c

c

c

c

c
c

c

c

co IJ

c

c

c

c

N N c

c

c

o

c

c

c

c

c

c

c c

c

c

c

c

C

c c

c
c

c

c
c

c
c

c

c

c

c
c

c
c



.Þurlp¡.9.t ':juapìi::i i.!prgp.aE

RMOTO

RMO71

_Þ,eq.tfqle

08-Feb-02

uö-tseo-uz

RMO74

U

uö-Èeo-uz

U

Uþ-tseO-Ur

0

U

uc-tseo-ul

U

r,,11!s)tg,o,.P

U5-tseO-Uz

0

0

uo-reo-uz

U

RMO79

U

u

U

0

.ìã9¡Wl

0

U

RMO81

U

uti-t-eb-02

U

RMO82

U

,,pÞ.yl¡dl-u-ü.!:ì.1

ub-Feb-u2

0

U

RMO83

U

06-Feb-0i

U

U

U

u

U

U

RMO85

U

0

i..P,,i,,l$rqT'.4,,,ü!ì

05-Feb-0i

U

U

U

U

U

u

u ti -¡-.e b -02

0

6

U

uti-t-eb-0:

U

U

15-Feb-02

0

0

0

u

0

r c-Feo-ut

:i¡!9¡orcnF

U

RMO9 /

v

0

17

0

0

0

r c-reo-uz

RMO99

U

U

I5-Feb.

0

U

ðÞ

RMlOO

0

U

U

21

U

RM,1O,1

02

u

lïffiff,

l4-Feb-02

U

0

U

0

RMl02

U

U

U

4

'14-Feb-O2

U

0

IUJ

3375

lnonuns

14-Feb-0i

0

0

0

U

HM 
'UC

U

14-Feb-02

U

U

U

u

14-Feb-02

0

0

0

U

0

U

U

U

'14-Feb-0i

0

U

U

Þ..fJp!ögp!¡quqr

u

U

0

0

þbr

0

U

U

U

U

0

U

0

U

0

U

U

U

0

U

0

U

U

U

0

u

u

0

U

0

IJ

0

U

U

0

U

U

0

U

U

U

0

0

U

LJ

0

0

U

U

0

U

U

0

0

U

U

0

U

U

0

108

U

U

0

0

U

U

0

0

U

U

þ/JU

U

0

0

0

0

U

0

U

0

U

U

0

U

0

U

tþcu

0

0

0

0

0

U

u

U

u

0

0

0

0

44000

U

U

0

U

u

U

0

U

U

U

0

U

U

0

U

0

0

U

U

0

U

0

U

U

0

U

U

U

0

0

U

0

U

U

2300

U

0

0

U

U

0

675

0

U

0

0

U

U

375

0

0

0

U

0

U

0

0

0

0

U

ö-t

U

U

0

0

0

0

0

U

U

0

0

0

U

11

IJ

0

0

0

0

U

þUUU

0

0

0

U

1 7000

0

0

0

U

U

0

U

U

0

0

U

0

U

0

U

0

0

0

U

0

U

0

0

0

U

0

U

0

0

0

0

0

0

0

U



a 3 ¿

a ¿

7 3 ¿

I

x

1

o

7,

I

n

I

c

T o

c

Ã

I

c

7

c

T c

c

7

c

7,

c

T c

c

c

,

c

Ì c

c

c

,

c

T c

c

c

c

) ñ c

f o

c

n

c

c

f o

c

c

1

c

o

c

c

7

c

c

f

c

7 N

c

¡

c

c

c

7 3 N

c

c

¡

c

o

7 3 N

c

¡

c

c

7 3 N

c

Ì

c

7 3 N

c

c

C

c

7 c

c

c

T

o

c

7

c

c

T

c

c

o

a a

c

o

î

o

c

a õ

c

r

c

C

a õ

c

î

c

a 3 ô

c

Ì

c

Ã

c

c

c

1

c

c

c

) :

c

N I o c

7

c

c

c

c

c

c

) = ¡

c

c

õ ì G c

c

o

7

c

c

¡

c

C

c

c

) = o

c

ñ ì c c

o

c

c

o

T

c

c

c

c

c

c

c

l c

c

c

c

c

c

o

N c c

a

c

c

c

c

c

c

N

c

c

c c
c

c

c

c

!

c

c

c

c

N

c

c

c

c c

c

c

c

c c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

N

o

c

¡

æ À

c

c

C

c

c

o

c

c

c

a

c

c

c

c

c

c
c c



Ã
j 3 ;

N f c

a

c 3 c

x 3

c o 3 c

x

c G c

) :

c 3 s c

c

Ð =

c o c

c

A

c

c q

c

n

C

o

7

c

T

c

c

1

C

o

1

c

c c

x

c

c c

c

7 a

c

c

c c

c

Ã

c

c

Ð

c c

c

a 3

c

c

o

c

c

7 3

c

a 3

c

n

c

c

c

¡

c

N

c

c

n

c

c

c

n

c

c

c

c

) 3 ;

c

) =

c

c

c

n !

c

>

c

c

) :

c

c

c

c

c

a

a !

c

n !

c

c

c ) I c

c

o

Ã !

c

c

c

o

n !

c

c

N

c

c

c

¡

c

c

c

N

i3
<

c

c

c

7 =

c

c

c

o

c

c

c

c

rl

c

c

c

c

c

c

c

c

c

c

c

c

C

o

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

o

c

c

c

c

c

c

c

c

c

c

c

À

c
c

c

c

c

c

c

c

c

o

c

c

c

c

c

:

c

c

N

c

c

c

c

c

c

c
o

o
o

c

c

c

c

c

c

c

æ

o
c

c

c

N c

c

c
c

N a c c
c

c
c

c

c



u !

) :
n =

) õ

N

7
n

N

c

a

!

c

a

!

c

a

c

i N

c

a

c

i

7

c

! -

7

c

N N i c

c

7

c

i

c

o

c

7 3

c

c

i o

c

c

o

7 3

c

i

c

a 3

N c

a 3 ¿

c

l

x

À

c ç

a a

c

c

7,

o

c

¿ c

7 c

N i c

n

N i c

7

N ; c

î

c

> N

a 3 c

c

c

o

7

c

7 c

c ; N

c

c

c

c

u {

o

c

c

7 N c

c

c

c

c

c

7 c

c

o

c

c

c

1 s

c

c

> c N

c

c

c

c

c

n

c

c

c

i

c

c

c

c

c

n

c

c

c

i

c

c

c

n

c

c

c

C

n

c

c

c

c

C

c

c

c

c

c

c

c

o

c

c

c

õ c

o

c

c

c

c

o

c

!

c

c

c

o

c

c

c

c

c

o

c

c

c

c

c

c

c

c

c

c

o

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

o

c

c

c

c

c

C

c

c

c

c

c

o

c

c

c

c

c

c

c

N c

c

c

c

c

G

c

c

c

c

c

a

c

c

c

a

c

N

c

c

c

c

æ c\

c

c

c

c

c

c

c

o

o

C

c

c

c

o

o

c

c

c

c

c

c

c

c

c

c

c
c

c
a



7 3 N t

a N ô

a N ã

a

A

i

a

N

A
a N

a

N ñ

a

c

c

7
f, N

c N c

a N

c U c N

a 3

c

a

a

N ) c

n

N )

c

x

c

c

u

N > N

c

a

c

N g c c

a

a
a

c U o

c

c

c

a

c C

c

7 3 N

c

c c

c

c

a

c o c

c

c

1 N

c U N

c

c

7 3

c N

c

¡

c

c N

c

c

a 3 ñ

Ø

c

7 3

c

c c

c

c

c

7 3

Ø Þ

c

C

f, 3

Ø

c

c

c

c

c

a 3

Ø

c

c

A

N N

c

c

c

c

7 3

N U

C

c

c

c

a

c

N c

c

a 3

c

! N

c ¿

c

c

c ¿ c

o

c

c

o

c

c

o

c

c

c

c

c

c

c

c

c

C

c

c

c

c

a

c

c

c

c

c

c

c

c

o

c

c

c

c

c

c

c

c

c

c

c

c

c

o

c

c

c

c

c

c

c

c

c

c

c

c

o

c

o

c

c

c

c

c

c

o

c

c

c

c

c

c

c

c

c

c

c

o

c

c
c

c

c

co -l

c

c

c

c

c

o

c

c

c

c

c

c

c

c

c

c
c

c

c

c
c

c
c

c
c



n
n

7 3

! ò

7

o

7

c c N

7

o o

7 N

c ! c N

a

o z

I N

c 2 c

7 3 c

c 2 o c

u

c I o c

a

c

N 2 o c

7

z c

x 3

z c

c

Ð

c

z

c

7

¿ c

n !

c

c

{ z

c

c

a 3

c

o

õ I c c

A

c

z

c

c

d !

c

z

c

T

z o

c

Ã !

c

c

z

c

c

n

z

c

c

n !

c

! o L

o

n !

! o

c

n

c

! z

c

c

n !

c

! z

c

c

x

c

2 o

c

A !

z

c

c

c

c

7 3 a

c

c

2 c c

C

c

a

c

o

z

c

c

a 3

c

c

o

o

c

a o

c

c

u c c

c

c

a 3 N

c

o

c

a 3

c c

c

c

c

c

c c

c

a

o

c

c

c

c c

o

G

c

c

c

c
N c

c

c

c

c

c

c

c

c

6

c

c

c

o

c

c

c

c

c

c

N c C

c

c

c

c

c

c

c

o

c

c

!

c
o

o

N
c c

c

c

c

c

!

a
c

æ æ

c

a

c c

O

c

N C

c

c
c

c
c

c

c

c



x
7 3

7

Ì

a 3 \

f

) 3 N

T c

7

I c

Ã N

1

7

o c

7 ¿

c

7 6

c

^

c

7 o

¿ f c

I

c

7

c

N l c

c

C

A

c

Ì

C

n

c

I o

c

a

c

Ì

c

c

n

I

c

a o c

ì G

c

T

{ f

c

1

l G

o

u

æ

c

c

7

c

; c

o

7 c

ñ Ì o o c

c

c

a c

c

; l c

c

a c

c

ñ f c

c

a c

c

c

ñ a c

c

C

c

c

7 3

c

c

1

c

c

c

a

c

ñ o

c

c

a 3

û f

c

c

) N c

c

a c

c

c

c

7 N

c

a

c

, 3 N

c

; c o

c

c

c

c

7 N

c

) I c N

c

c

c

N

7 3 N

o

c c

c

c

o

c c N

c

c

c

c

c

c

c

c

c

c c

c

c

c

c

c

c

c

c

c

c

N c c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c c

c

a

c

c

c

c

c

c

C

c

c

c

c

!

a

o

c

c

c

c

c

t

c

c

ô

c

c

c

c

c

o

c

c

c

o

c

c

c

o

c

c

c

c

c

o

c

c

c

c

c

c

c
c

c

c

c

c

c

c

c

N

c

N c

c

c

ñ

i c c

c

c

c
c

c

c

c

c

c

c

c

c

c

c

c



n
7 c

v

T

7

c

n

¡

a

c

Ð

n

7

c

ñ !

I c

7 3

c

c

c

c

7

¡ o

c

a

c

lì

q f T

c

c

T

c
!9

q

f

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

!

c

a

c

c

c
c

c

¿

c

c

c
c

: ¿ c

c

N

c

N

c

N

c

c

c

c

c

N

c

c

c

c

c

c

c

c
N

c

c

c

C

c

c

c

c

c

c

',o


