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ABSTRACT

The life cycle and reproductive performance of Dermacertor albip:ctus  ackard,
1869) Banks 1907, was etudled under field and controllied conditions in the laborato v
Moose (A/ces a/ces L) were used as the defnitive host. Several patterns in dg/elopr-*»sniai
trends on moose and some aspects of the timing of the reproductive period were .
predictable and appeared related to environmental variabies,

Engorged female ticks d-opped from moose from late February to early May The
peak of engorged female drop-off occurred in late March and the weight of engorged
females decreased during the drop-off period. Dispersal of dropped engorged females
was minimal and strvival was dependent on the absence of snow.

Cooler but less variable temperatures and higher relative humidity in an aspen
habitat resulted in lower numbers of engorged females that laid viable eggs, a longer
Incubation pericd, and a lower percent hatch than found in either » bog or grassland

habitat. The onzet of oviposition was synchronous in all habitats studied and began in

early June It is suggested that the onset of oviposition under field conditions was

dependent on thve occurrence of a particular photophase in spring. Hatching did not occur
until late August and early September under field conditions.

The transmission period of D. a/bipictus extended from early September to Jate
November. Larvae ascended vegetation in September, reached peak numbers in early
October, and declined in humbers until early December.

Movements of D. a/bipictus on moose and subsequent grooming patterns of
moose were dependent on instar. Nymphs and adults moved extensively and large
aggregations of both stages occurred on the hump and rump of experimentally infested
moose. Initial grooming activity by moose was unre'ated to tick density or location, but
appeared to be directed at a generalized irritation and occurred in areas of easy
accessibility. ’

All Iaboratory experiments on reproductnve performance of engorged females
included multiple rephcates along a tlme series. Cold stressing engorged females at
various temperatures for one to 42 days resulted in increased productivity and
reproductlve efficiency and lower larval mortality. Engorged females under fluctuating

temperature and relative humidity c:ondmons had a higher mortallty rate and lower



reproductive performance than engorged females in either constant, coid stress. or field
condition treatment groups. A declining preovipositfon period over time, found in all
replicates of all experiments, is thought to be due to the photoperiod‘the engorged
females were exposed o prior to collection.

A tran§mission model ;hc.»wing rel: ive flow rates of D. albipictus between
ungulate hosts and hab:tat types i Elk Island Nat .nal Park, Alberta was constructed.
Moose accounted for the majoriiv of the flow of engorged < nales in spring and received
the majority of larvae N avtumn. The asben torest habitat provided nnarly all the flow of
larvae to hosts i~ autumn A predic{ive e&vation was derived to estimate infestation levels

of moose based on infestation levers the previous spring, date of snowmelt, and summer

“

conditions.
The epizootiology and managem-ent implications of infestations of D. albipictus on

-

moose are discussed.

&
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I. INTRODUCTION ,

Ticks of the genus Dermacentor are common in North America. Some members
of fhe genus can cause serious health problems in man, livestock, and wildlife as vectors

disease and as pests (Gregson, 1956:; Arthur, 1\9_60; Burgdorfer, 1370; Balashov,
1972). ‘ S B |

Gregson (1956 believes the wi.ter tick, Dermacentor albipictus (Packard, 1869).
Banks 1967, is one of the most widely distributed ticks in North America. It is the
northernmost member of the; genus in North America (Wilkinson, 1967), being found to
60° latitude. It ranges ovér most of southern Canada and the northern United States, and
follows the Roéky Mountains south to the Gulf of Mexico in hilly éré@((Co_oley, 1938;
Howell, 1839, Brown and Kohls, 1950). If D. albipictus and D. nigro/ineatus Packard are
synonymous, as proposed by Cooley (1938, Bishopp and Trembley (1945) and Ernst and
Gladney (1975), the range of this tick potentially covers the whole of North America.

Habitat preferences of this tick are not well defined. Bishopp and Wood (1913)
imply a distribution limited to mountainous regions or timbered uplands ir . estern North
<America, but distributién records at that timé were limited.. Reports of this tick in eastern

'VNorth America and in the sgﬁthwestern United States seem to suggest that the tick can’
exi;t in wooded lowlands, as-pen parkland, deciduous forests, and éhrubby meadows
(Hunter and Hooker, 1807; ng\e‘gson', 1956). Wilkinson (1967) attempted to show an
association between the known di.;stributi'on of'D. a/bipictus in Canada and bioclimatic
zones by isopleths of mean annual number of degree days.l His conclusions were
hampered by ;'i lack of distribution data, but suggest a relationship between the two
variables.

The evolutionary history and early di.stribution of this tick are not known. The
Nearctic Dermacentor species including O. a/b/p/cfus apparently evolved in North America
(Wilkinéon, 1967). Anderson and Lankester (1874) feel that D. albipictus probably
originated on deer ar;d'spread to moose.

The winter tick was originally described from a moose (4/ces a/ces L.}, buthas a
wide hostrange. Large cervids including moos'e, wapiti (Cervus e/aphus L.), white-tailed
deér (Odocoileus virginianus Zimmermann), mule deer (0.hemionus hemionus

(Rafinesque)), black-tailed deer (0. h. co/umbianus (Richardson)), and domesti¢ horses and



o

\

cattle seem to be the preferred hosts (see reviews of reported hosts in Gregson, 1956;
and Arthur, 1960). Other accidental or incidental hosts include beaver (Castor canadensis
Kuht v orn sheep (Ov/s canadensis Shaw), mountain goéts (Oreamnos americana
(deBian. ile)), bison (Bison bison L), pronghorn (Anti/ocapra americana {Ord)), black bear
(Ursus americana Pallus), caribou (Rangifer tarandus L.), coyote (Canis /atrans Say), wolf
(C. lupus L.}, and the white-footed mouse (Perormyscus maniculatus (Wagner)) (see
reviews of reported hosts in Bishopp and Wood, 1913: Gregson, 1956; and Samuel and
Barker, 1979).

D. albipictus is the only member of the genus in North America that exhibits a
one-host life cycle (Fig. 1). After initial infe<' tion by the larvae, all successive instars
develop on the same host individual. Infestation occurs in autumn and the engorged
females are usually no longer present on the host by late May.

The life cycle has been studied many times in the laboratory. usually with cattle as
the host animal (Bishopp and Wood, 1913; Howell, 1939; Drummond et al. 1969a.
Glines (1983) completed the life cycle using captive moose, but did not fully document the
instar changes that occur over time. Addison et al. (1979) and Glines {1983) studied the
seasonal occurrence of D. a/bipictus on wild moose in Ontario and Alberta, respectively.

The timing of appearance and duration of existence of each instar in thé_life cycle
appear to vary considerably depending on geographical location kBishopp and Wood,
1913; Howell, 1939; Cowan, 1946; Patrick and Hair, 1975 Addison et al. 1979; Samuel
and Barker, 18783; Glines, 1983). The infestation period of the host from larvae to
engorged female is considerably shorter in the southern part of the range of t!jis tick
(Bishopp and Wood, 1913; Howell, 1839, Drummond, 1967; Patrick and Hair, 197‘5) than
in the north (Cowan, 1946; Addison et al. 19'79; Samuel and Barker, 1879; Glines, 1983).

For ticks in general, most researchers agree that the optimum range of conditions
for tick survival and reproduction is from 20-30°C with ‘at least 75-80% relative humidity
(see review in Diehl et al. 1982). Temperatures less than 15°C or greater than 35°C and

relative humidities less than 75% seem to restrict or prevent oviposition and egg hatching.

* as well as reduce survival of all instars tested. Most researchers arriving at these

conclusions have conducted experiments using constant temperatures and relative

humidities. Use of these conditions allows comparisons of reproductive potential of ticks



Figure 1. The life cycle of Dermacentor albipictu~ i Alberta.
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from different parts of the distributional range of a species as well as comparisons
between species. Such experiments are also fairly easy to set up and run. However,
constant, standardized conditions are rarely encountered under field conditions and this
might negate extrapolations of laboratory data to field situatir.:m“s.

Field studies on the reproductive ecology of ticks are uncommon. Temperature
and relative humidity appear to be the major influences on reproductive potential and
success under field conditions (Hixson, 1940; Hitchcock, 1955; Snowball, 1957
Wilkinson and Wilson, 1959; Harley, 1966), but photoperiod may also be important for
synchronizing the timing of the reproductive period with favorable wﬁiihe;fonditions
(Belozerov, 1982). Most of the published work deals with the cattle fever tick {Boophilus
microp/us) in Australia (Hitchcock, 1955; Snowball, 1957 Wilkinson and Wilson, 1959;
Harley, 1966), and the southern United States (Kistner, 1969). Reproduction of
Dermacentor variabilis and Amblyomma americanum was studied under field conditions
in Nova Scotia and Géorgia {Campbell and Harris, 1979 arlu‘quixson, 1940, respectively).

Observations on the reproduction of D.'a/b/p/ctz);iénder field conditions are
limited to one major study by Patrick and Hair (1975} in Oklahorha and two observational
studies on egg hatching and larval activity in California and British Columbia by Howell
(1939) and Wilkinson (1967), respectively. Né field work on the reproductive potential of
this tick has been done in the northern part of the tick's range where moose are the
preferred host. .

Winter ticks are regarded aé one of the most important parasites and pests of
moose {Cowan, 195 1; Anderson and Lankester, 1974). Irregular periods of mortality in
" moose attributed to this tick have been reported since the early 1900’s in North America
(Can?eron and Fulton, 1926-27; Fenstermacher and Jellison, 1933: Hatter, 1950; Cowan,
1951; Ritcey and Edwards, 1958; Webb, 1959: Lyﬁch, 1873; Berg, 1975; Samuel and
Barker, 1979; Addison, unpub.). Some of these reports of mortality have occurred when
moose densities were high and/ or winter weather conditions were severe. Mortality and
morbidity of wapiti and mule deer due to infestations of 0. albipictus have also been
reported (Bruce, 1927; Cowan, 1951: Love, 1955; Honess ;'and Winter, 19586}

From 1977 to 1982, many dead and/ or debilitated moose were found annually in

Elk Island National Park and other areas of central Alberta (Samgel and Barker, 1879:



Samuel! and others, pers. observ). Mortality was severe in local areas especially in the
winter of 1981-82 (Rippin, pers. comm., and unpub.).

Severe premature loss of winter hair attributed to high numbers of ticks has been
documented on moose in Elk Island Park and near Rochester, Alberta (Samuel and Barker,
1979 Glines, 1983). The extent of hair loss on moose in the park is lower than at
Rochester, but mortality rates are higher (Samuel and others, pers. observ.: Alberta Fish
and Wildlife, unpub). Severe hair loss, anemia, pneumonia, and déath have been'produced
by experimentally infesting moose with D. albipictus (Glines, 1983). All are thought to be
inQoIved in the recent losses of wild moose in central Alberta (Rippin, unpub.; Samuel and
others, pers. observ.). -

This study was initiated in an attempt to better understand the epizootiology of tick |
infestatiohs on moose in central Alberta. A two part study, involving a field and a
laboratory compbnent was developed to provide information on the reproductive
performance and transmission of D. a/bipictus under field conditions and relate this
information to the recent die-off of moose in Alberta. The major objectives were to
determme 1) the distribution and dispersal patterns of engorged females at moose
carcass sntes in Elk Island National Park, 2) the distribution and dispersal patterns of larvae
in autumn in Elk Island National Park, 3) the reproductive potential and timing of the
reproductive cycle of engorged females under field conditions and fluctuating conditions
in the laboratory, 4) the development, location, and movements of ticks on captive moose
over time, and 5) the relationship betweén tick density, tick location, and grooming activity

on captive moose.



. MATERIALS AND METHODS

A, Definition of terms

Larval surviva| = the percentage %) of larvae that survived untjl the cbunting date.

Percent hatch = the percentage (%) of €ggs that habtche'd.

Preoviposition period = time period between ihitiation of an experimental replicate and the
first egg laid. .

Reproducltive Efﬁ'ciency Index (RE)) = the total Production per gram EF (Drummond-and
Whetstone, 1970), which eliminates thg bias of EF weight in reproductive
COMparisons.

Successful EF = an EF that aig €9gs that hatcheq

Successfyl {viable) ©g9gs = eggs that hatched.

Treatment group = one of 17 différeni énvironmental Protocols that g were incubateq
in for reproductive Studies.
Unsuccessfyl EF = an EF that laid eggs that did not hatch.

Unsucces_sful (inviable) €39s = eggs that dig not hatch,



B. Description of study area

The major stddy area for the field portion of_this project was Elk Island National
Park (EINP) Iocatéd approximately 40 km east of Edmonton in central Alberta. EINP was
established in 1906 through the cooperative effor't':is'bf five local citizens and the Federal
government f‘or the protection of a remnant wapiti populétion. In 1930 the area acquired
national park status (Parks Canada, 1976).

Currently the -park encompasses about 195 km? and is divided into two units. A.
136 km? unit located north of Highway 16, is open to the public year around and a 49 km?
unit, located south of Highway 16, is used primarily as a restricted access er‘\closure for
wood bisén (Bison bison abthabascae Rhoéds)'. The entire park is surrounded f'ay a2m
game fence. '

I EINP lies in the belt of humid continental climate. The mean annual temperature is
1.7°C with daily temperatures ranging from -40°C to 33°C. The average frost-free period
is 100 days and the average ;nnual snowfallis 130 cm. Average annual precipitation is 46
cm {Aiberta Environment, 1 979).

Landforms within the park are classified as dead-ice moraine remamlng from the
Pleistocene. Scattered bogs, ponds, and lakes are interspersed between small hills and'
ridges to create a landscape unique to central Alberta (Parks Canada, 1976). _

Soils in the park are groupéd into 2 broad categories: grey wooded aﬁd organic.
Most of the parent material is glacial till or lacustrine deposits. Fertility is moderate to
poor (Crown, 1977). .

The dominant vegetation of the park is comprlsed of aspen (Popu/us tremuloides
Michx. and P. balsamiferal.) forests interspersed with grasslands and black spruce (Picea
mariana (Mill.)) lowlands. Because of the recent absence of fires and logging, the primary
vegetation type is old-growth aspen with a dense u_hderstory of beaked hazelnut {Cory/us
cornuta Mérsh.), aspen, and wild rose (Rosa spp.) (Polster and Watson, 1979).

There are five species of ungulates in the park: moose, wapiti, bison (8. b. bison L.

and B. b. athabascae), white-tailed deér, and mule deer.



C. Weather data collection A
Temperature and relative humidity were recorded continously in three habitat types

(bog. aspen forest, and grassland) in EINP from July to December, 1981 and from April to

December, 1982 using hygrothermograbhs in Stevenson screens set at ground level.

Data on minimum and maximum temperature relative humidity, daily precipitation and

accumulated snow depth were obtained as completely as possible from the weather

station at the EINP Warden Station for January, 1980 to July, 1983.

» D. Vegetation sambling for habitat classification

Two methods were used to quantitatively describe the habitat types at all moose
‘carcass sites. \\Both methods utilized four randomly chosen points in the vicinity of each
carcass site. . _

The 'canopy stratum was sampled using the poiht-duarter method (Cottam and
- Curtis, 1956). All trees larger than 10 cm (4 in) diameter breast high (DBH) were
censused. Relative density, relative dominance, relative frequency, and importance value
were calculated for each tree species around each carcass site following the methods of
Cottam and Curtis (1956). Sample sizes of carcasses in most habitats were Jow and a
subjective assesement of relative density and importance values was used to group
carcasses into habitat types.

Shrub and herb strata were quantified using a' 1 sq m quadrat plaeed on the four
points of the point-quarter method. Relative density, relative frequency, and importance
values were calculated for each species.

| Tree, shrub, and herb species were identified, to species Where possible, using
the keys of Moss (1955). Cormack (1977), and Newcombe (1977). All habita’r sampling

was conducted in June when most of the plants were in full leaf and/ or flower.

E. Dispersal of erigorged females from moo>se carcasses

Carcasses of moose that were found dead or shot in late winter were tick-infested |
and assumed to be potential “hotspots” for engorged females (EF) in summer and for
larvae the following autumn. Seven carcasses in five habitat types were located and

marked in April and May, 1981, and one was found and marked in Octok *r, 1981. Seven
, ) _ 4
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moose were shot or found and marked in five habitat types from February to April, 1982.
The duff around all carcasses was sampied in May, June and August, 1981 to determine
the range and extent of EF dispersal. Oniy four of the seven carcasses in 1982 were
sampled twice (May and June), the others were either scavenged or submerged in water
prior to the ‘sampling period. |

Sampling was done in 30 cm wide transects orientated in the four cardinal
directions from each carcass. Soil duff to a depth of 5 cm and vegetation to a height of 1
m were collected from ten plots along each transect (Fig. 2). Plot size varied with
distance from the carcass-the first six were 900 sq cm; the next three were 2700 sq cm;
the tenth was 4500 sq cm. Samples were labeled, transported to the University of
Alberta and stored at 10°C. Each sample was washed through a series of four screens
(smallest mesh size approximat'ely 1 mmj to separate ticks from duff material. All ticks

recovered were identified to stage, sexed, and counted.

F. Movements and activity of larval ticks i
Carcasses sampled for EF in spring, 1981 and 1982, were subsequently sampled
in fall-1981 and 1982, to determine the transmission period of larvae. Sampling was
conducted from 7 September to 24 December, 1981 and from 16 August to 20
December, 1882. In additi.onﬁ all carcass sites were sampled two times the following
spring to see if any larvae had survivled the winter. s
Sampling was conducted two \'Nays. Larvae on the tips of the vegetation were
sampled using two 0.5 sqm white flannel flags on a wboden pole. One flag was used for
“the first 0.5 m away from the caréass, the other was used for the seqond 0.5 m away
from the carcass. Larvae on the ground were sampled using six 30 sq cm white flannel
squares laid end to end in four directions from the carcass. Each square was put on the
ground for approximately 30 sec. Sampling in 1982 was done usilng only the two flags.
All larvae collected were counted in groups of five and aspirated into a small glasé vial
using a vacuum apparatus in the laboratory.
Twenty m sections of six game trails were flagged in aL;tumn and early winter,

1881 and 1982, to determine the numbers and density of larvae in these areas.
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Figure 2. Soil duff sampling pattern around moose carcasses in Elk

Island National Park, Alberta, 1981 - 1982. All

measurements are in cm.
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The efficiency of the flagging technique was assessed by seeding three sites in
EINP with 5000 laboratory-reared larvae. The larvae were released on 1 1:October, 1982
and each site was flagged 10 times from 18 October to 20 December, 1982.

Larval D. a/bipictus reared in the laboratory were‘counted and released onto a 4
series of vegetation plots on the roof of the Biological Sciences Center at the University
of Alberta in autumn 1981 and 1982 to observe behavior and activity patterns. Each plot
was appro><|mately 1sgmin area. Larvae were released onto three vegetated plots with
progresswely taller vegetation {grass, l 10 cm; aspen shrub, 2-50 cm; aspen shrub,
5-100 cm), and a plot of bare soil with an upright wooden pole 2 m in height to pbserve
climbing and clumping behavior, maximum height of ascension, and reactions to light. All
plots were observed every 4-6 hours for the first week after release of larvae 'an'q 1-3
times daily thereafter until the experiment was terminated 30~81 days post-release.

Two replicates of four arrangements of four plant speéies commonly found in
EINP: quaking aspen, paper birch (Betu/a papyr/fera Marsh), wild rose and black spruce
were used to test vegetatlon preferences of larvae in 1981 {Fig. 3). Three thousand
larvae were released into the center of each of the vegetation arrangements on 13" |

October, 1981. Larvae on each vegetation sample were counted on 24 November

<

EAS

1981. )

Two replicates of three arrangements of three plant species (beaked hazelnut,
quaking aspen, and grass), and a laboratory applicator sticlt were used in 1982 (Fig. 3).
Two thousand larvae were released into the center of each vegetatlon arrangement on 24
October 1982. Larvae on each vegetation sample were counted on 25 November
1982. ' o

The height of larval clumps around carcass sites sampled for larvae in ElNP was
measured using a meter stick in October, 1981 and 1982. Nine to 38 clumps were
arbitrarily selected and measured atv_each carcass site.. Species of vegetation and ‘
approxima.. size of eacn clump were recorded. Vegetation of the same species without
ticks was measured as a control value. All measurement€ were taken within 6 m of a

-y

carcass site.
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Figure

3. Arrangement of vegetation in plots for vegetatior cho.i-e

experiments with larval Dermacentor albipictus. The

release site for larvae was 2 cm from the vegetatior sam-les.
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G. Experimental infestations of captive moose

Experimental infestations of moose took place at the University of Alberta
Biomedical Animal Center located near Ellerslie, approximately 6 km south of Edmonton.
The General Purpose Barn on the farm is designed to house larqw cervids for experimental
research.

Young moose calves were gaptured or obtained as orpans arc “and-reared at the
Center (see Appen'aiSM). Four and five calves were weaned in 1981 and 1932,

\—~\
respectively. All animals were housed outdoors in individual pens with concrete floors.

They were fed an alfalfa base, pelleted ration supplemented with hay. Food coﬁ;umption
was measured daily‘. All animals were weighed weekly throughout the experiment.

To determine the appearance and duration of instars of D. albipictus in response
to exposure period, eight moose calves were infested using two techniques. Three
calves (MO 46.50.55) were infested with 30,000 larvae on 15 October, 1981
(mass-infested). The larvae were placed on the moose in six lots of 5000 (Fig. 4). Two
‘moose (MO 60,7 1) were infested in the same manner on 15 October, 18982. Three calves
(MO 59,68,69) were infested with 1000 larvae per day for 30 days from 15 September
to 15 October, 1982 (trickle-infested). Larvae were placed on alternate shoulders each
day (Fig. 4).

One moose (MO» 48) was kept as an uninfested controlin 1981 and 1982.‘ Two
yearling moose from 1981 (MO 50,55) were reinfested with 30,000 lérvae on 15
October, 1982 by mass-infestation.

Larvae for these infestations were from EF collected from moose exper:mentally
infested the previous year. These EF were placed in mcubators at 25°C and 85% relative
humidity. Larvae were ¢ounted using a small vacuum apparatus.

All animals were examined weekly throughout the infestation to determine
movements, development, and density of ticks. Each moose was visually divided into
eight areas (Fig. 5.). Begining at the spine and ending at the midline, line transects
appfoximately 10 cm apart were searche’d anteriq;io posterior by parting the hair.

Transects in each of the eight areas were searched on the left side of the animal and all

N

ticl_{-s.encountered were identified to/stage sexed, an’ Sunted. Diagrams of tick:

,locatlon tick density, and areas of grooming were made for each moose sach week.



Figure 4.

3

Infestation sites for moose experimentally infested with

Dermacentor albipictus. Mass-infestation = 30,000 larvae

per moose on either 15 October 1981 or 1982. Trickle-
infestation = 1,000 larvae per day per moose for 30 days

beginning 15 September 1981.
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Figure 5. Body divisions of experimental moose for counting and aging

ticks and determinations of tick density.
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EF were collected from the pens of each moose four times per week from
id-February to late May in 1382 and 1983. All EF were dried. weighed, and placed in

widual cloth-capped glass vials for use in reproductive experiments.

“sroduction of engorgéd female ticks'

v 2 collected as stated above and stored at 10°C in the léboratory for up to
oo orunul ough ! been collected to initiate an experimental replicate (usually
abc UL EF). An experimental replicate or drop period usually consisted of putting EF
int> 11 tr2a~ =nt gro os in 1982 and twq treatment groups in 1983 (Table 1). EF from .
each moose were plac. '’ randomly ir;'t)o thé treatment groups in both years. The number;
of EF used in each treafment group varied with time -due to the numbers of EF availablé.
EF were kept in the dark in all laboratory experiments in 1982 and under a 12:12

photophase in 1983. Ti.cks were monitored two to four times per week for observation

. of oviposition and hatching. Unhatched eggs and larvae were counted from 15

September to 18 December 1982, but not counted in 1983.

Reproduction of engorged females under constant conditions

As a control for these reproductive éxperiments, two to 15 EF, collected as
above, were‘placed into a 25°Q incubator with 85-90% relative humidity each drop period
in 1'98.2. In 1983, six to 18 EF, collected as above, from each experimental moose were
placed in an environmental chamber at constant 19°C with 90% relative-humidity and a
12:12 diel photophase each drop period. The EF in this treatment group were monitored
until’1 July, 1883 and only data on EF survival and Ieﬁgtb of the preoviposition period
were collected. These EF were covered with a cotton cloth to decrease the intensity of

the incident light.

Reproduction of engorged females under field conditions
Eleven screenwire cages were placed in each of three habitat types bog. aspen
forest, and grassland) in EINP in autumn 1981. These cages were 30 cm in diameter and

40 cm high and were modeléd after Semtner et al. (1973).



Table 1. Conditions used for reproductive experiments with engorged
female Dermacentor albipictus, 1982 and 1983.

Environment Conditions

constant 25°C for duration, dark '
Control —————————{ . o '
constant 19°C for duration, 12:12 photophase
Field —————— Ambient temperature and light conditions at Elk
Island National Park

r -22% f8r 2 to 42 days, then held at constant
25°C for duration, dark

T

0°C for 1 to 34 days, then held at constant 25°C
for duration, dark '
Cold Stress i

10°¢C fog 1 to 37 days, then held at constant
25°C for duration, dark

~ ambient temperature at Elk Island National Park
for 7 to 42 days, then held at constant 25°C
for duration, dark

fSOC 16 hours, 25°C 8 hours for. duration, dark

T 1

OOC 16 hours, 25°C 8 hdurs for duration, dark

ZSOC 16 hours, -5°C 8 hours for duration, dark

T

Fluctuating *

' Conqltlons 25°¢C 16 hours, 0°C 8 hours for duration, dark

T

ZSOC 16 hours, :0°7 8 hours for duration, dark

*
Relative humidity fluctuated in anti-phase with temperature, from -
40 to 95%.
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Three to six EF, in individual vials, from each moose were placed into each of two
cages per habitat type every two weeks from early March to mid-May, 1982 and 1983.
Two EF from each moose were released free into the same cages each drop period in
1982. No attempt was made to modify the conditions to which the EF were exposed in
the cages. If there was snow in the cage, the EF were put on the snow; if not, they were
placed in the leaf litter. Ticks were monitored two times per week throughout the
 summer of 1982 -but only until .1 July, 1983. to 6bserve the'timing of the reproductive
period. Larvae and unhatched eggs were counted from 15 November té 18 December,

1982, but not counted in 1983. "

Reproduction of engorged females after cold stress

EF are commonly eXposed to varying lengthsk’of sub-optimal conditions for
reproduction under field conditions. EF from the three experimental moose in 1982 were
exposed to one of four cold stress treatments to determine the effects of this stress }
period on reproductive timing and potentiat.

Six to 12 EF collected from each moose as above were placed in a chamber at
-22°C each drop period. These EF were retrieved at regular intervals from 2 to 42 days
and placed in a constant 25°C, 85-'90%.relative humidity incubator to allow oviposition and -
egg hatching to occur.

Six to 13 EF from e;ch moose, collected as above, were placed in a chamber at
10°C each drop period. These EF. were retrieved at regular intervals from 1 to 37 days
and placed in the 25°C incubator for éompletion of reproduction.

Five to 14 EF, also collected as above, were placed in a chamber at 0°C each drop
period. These EF. were retrieved at regular intervals from 1 to 34 days and placed into the
25°C incubator for comp;Ietion of réproduction. |

Five EF from each moose were placed in a 'common’ cage in each habitat type in
EINP each drop period. These EF were retrieved at regular inter\}alhs frpm 7 to 42 days

and placed in'the 25°C incubator for observation of reproduction.
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Reproduction of engorged fehwales under fluctuating temperature and relative
humidity

EF in the field are normally not subjected to the constant conditions of
Lempe}'ature and relative humidity used by most laboratory researchers. To determine t‘he
effects of continual fluctuations of temperature and relative humidity on reproductive
timing and potential, EF collected from the three captive moose in 1982 were placed in
environmental chambers that fluctuated temperature and relative humidity on a
predetermined schedule Three temperature and relatl\)e humidity levels, all commoniy
found during the period of EF drop-off in Alberta, were utlhzed Two to four replicates
of each treatment were made.

Eight to 26 EF from each moose, collected as above, were placed in a chamber

that fluctuated from -5°C for 16 hours to 25°C for 8 hours. The relative humidity

' fluctuated in anti-phase with the temperature, usually from about 40 to 95%.

. Two to 25 EF from each moose, collected as above, were placed in a chamber that
fluctuated from 0°C for 16 hours to 25°C for 8 hours. The relative humidity fluctuated
within the same general limits of the previous treatment.

Three to 2 1°EF from each moose, collected as above, were placed in a chamber

that fluctuated from -5°C for 8 hours to 25°C for 16 hours with a corresponding reversal

in periods of high and low relative humidity.

Four to 23 EF from each moose, collected as above, were placed in a chamber -
that fluctuated from 0°C for 8 hours to 25C for 16 hours with reversed periods of high
and low relative humidity. ‘

Eleven to 35 EF from each moose for two drop periods, collected as above, were
placed in a chamber that fiuctuated from 10°C for 8 hours to 25°C f_prl 16 hours. The
relative humidity in this chamber was within thev'same general range as that in the other

fluctuating temperature chambers.

Reproduction of engorged females from other host species
EF from free-ranging moose, white-tailed deer, and wapiti, and from tame wapiti
were obtained and incubated at 25°C, 85-90% relative humidity for comparative

reproductive studies with EF from experimental moose under the éame conditions.
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l. Data analysis

All data were analysized using the Michigan Interactive Data Analysis System
(MIDAS) (Fox and Gbire, 1876). Arcsin transformations of data in percent form (EF
survival, percent hatch, and larval surv'ival).were done prior to statistical analysis, but are
shown in tables as percent values equivalent to the transformed values. Comparisons of
means were done using ANOVA. Specific differences between means were identified
using an F-test for linear combinations and a Neuman-Kuehls test. 'Comparisons of

regression lines were done using covariance analyses.



~ - Il RESULTS
A. Weather data_

Because one of the major objectives of this stddy was to describe the
reproductive potential of EF Dermacentor albipictus under field conditions, weather
cor;ditions recorded during .these reproductive trials are presented here. Differencesin
weather between habitat types will be discussed in later sections as part of the '
expxlanatron fer differences observed in the reproductive output of EF in the three
habitats studied.

Annhual trends in temperature,-precipitatioh, and snow accumulation at the EINP
Warden Station from 1980- 1983 ar'e shown in Appendix 2. Snowfall and rainfall were
generally4 sufficient to maintain adeqcﬁat_e soil moisture over th.e course of this study.

_ Temperature patterns in the three habitat types in EINP in 1981 and 1982
(Appendix 3) were generally similar to those at the EINP Warden Station (Appendix 2},
however, some differences in t’emperature were observed between habitat types.
Although the hygrothermograph in the grassland mal%unctioned at irregular intervals in
winter, 1881-82 and most of summer, 1982, temperature trends were similar in the bog
and grassland (Appendix 3), both of which had open canopies and were exposed to high
levels of solar insolation. Although mean max1mum and mean minimum temperatures were
not sngmflcantly different in the three habitats in 1982 maximum and temperatures in the
aspen forest, which had a dense canopy, were lower for 16 of 34 weeks (x2 2df=14.1,
p<0.05), and higher for 25 of 34 weeks (x?, 2 df 36.2, p<0.05), than in either the bog or
grassland (Fig- 6). Mean maxvmum temperatures in the bog were higher than‘ in the aspen
(t, 11 df=2.08, p<0.05), and mean mlmmum temperatures were lower than in both the
aspen and grassland (t, 11 df= 3.95 and 1.72, both p<0 05) during the critical period for
EF reproductlon (June-September). From June to September, mean maximum
temperatures in the aspen were lower in all but one week, and mean minimum -
temperatures higher in all but three weeks, than in the bog or grasslahd b, 2 df=20.0,
p<0.05, x?, 2 df=26.0, p<0.05 for mean maximum and mean minimum temperatures,
respectively) (Fig. 6). Summations of hours over 15°C and 20°C also sdggest habitat

differences in temperature, with the bog having the highest total number of degree hours

- 26



Figure 6.

A‘:J

Mean weekly maximum and minimum temperatures fdr three‘habitat
types in Elk Island National 'Park, Alb_efta, 1982. O - bog,

® - aspen, [ - grassland.
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over both 15 and 20°C (Table 2) during the critical period for EF reproduction.

Daily fluctuations in temperature were dampened in the aspen resulting in more
stable conditions than in either the bog or grassland (Fig. 7). The greatest fluctuations in
temperature ang the highest relative humidity were found in the bog, probably due to its
physical characteristics as a frost pocket with a high water table,

There was an annual trend in relative humidity ranges in the three habitats from low
values in winter to high values ;n surﬁmer (Appendix 3). Despite wide daily fluctuations,
relative humidity usually averaged between 70-80% during the spring gnd summer. The
maximum daily relative humidity was usually reached at night with the daily minimum during
the hottest period of the day. There was no consistent pattern in the daily variation in
relative humid?ty in the three habitats (Fig. 8).

B. Vegetation sarmpling for habitat classificatioh ‘

Carcasses were grouped into six habitat types (Appendix 4) using the point quarter
and quadrat sz' pling methods. The relative density, relative dominance, relative
frequency, i nportance values for each tree species sampled at each carcass site and

the relative density, relative frequency, and importance values for each shrub and herb

- species sampled at-each carcass site ~re tabulated in Appendices 4 and 5, respectively.

Importance values may be over-estimated due to small samples sizes in most habitat types.

Three habitat types (bog, aspen, and grassland) were utilized extensively for field
work in this study. These habitat types represented the 'extremes’ (bog and grassland) /
and the 'average’ (aspen) conditions found in EINP. écattered spruce and paper Birch

were the only trees present in the bog, although very few were larger than 10 cm DBH.

The shrub/herb layer was dominated by laborador tea (Ledum groen/and/cum Oeder),

cranberry (Vaccm/um spp.). and sphagnum moss (Sphagnum spp.}). The duff Iayer was
very sparse and consisted of pockets of old leaves between hummocks of sphagnum.

The aspen forest habitat was characterized by a dense canopy and relaﬁvely low
densities of trees. The shrub layer was dense, consisting of rose, beaked hazelnut and
quaking aspen. The herb layer was dominated by small shrubs, forbs, and grass. The duff

layer was thick, usually 5 to 8 cm.

e——
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Table 2. Temperature summations (degree hours) sver ISOC and ZOOC in
three habitat types in Elk Island National Park, Alberta,
1981 and 1982, -

1981 1982 .
Month T§°E§9§6°E 1532Pe;o”c f;gésliggE 15”cBO§o°C 15ﬁzpe;o”c f§82812836_
APT o= mm el el o . 0 0 26 2 16 1
May  --=  —m- === = -~ 169 56 186 70 138 80
Jun  =-memm ——o o o 297 176 260 103 259 119
wi® 122 35 139, 8 72 17 281 166 222 51 203 97
Aug 382 286 371 174 195 62 191 67 111 7 ‘;34 43
Sep 144 80 135 55 106 51 149 53 116 3 g7 19
Oct 23 0 6 0 s 0 25 6 19 3 14 1
Nov 2 o 3 0 o0 0 0 0o 0 o o 0

TOTAL 673 401 674 237 478 230 1132 524 940 239 851 360

Total S :
1 Jun- ——- -— == ——— === -—= 769 409 593 161 596 181

1 Sep

“A complete hygrothermograph record was not available for this site.

bHygrothermographs operable ‘after 20 July, 1981.

- »



Figure 7. Variation between mean weekly maximum and minimum temperature

-

in three habitat types in Elk Island National Park, Alberta,

1981 and 1982. O - bog, @ - aspen, O - grassland.

A



Temperature (°C) (max-min) -

20

) —_ —
(@) (@] W @) W

l]lT[YllI]llTl[TllIllfj

U

10

32

[ 1981

N

I

(v bt e b b e b b b

1982

11'11’11lllJlJJJJJJlJlJiJLll1111141111]

Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.



Figure 8. Variation between mean weekly maximum and minimum relative
humidity in three habitat types in Elk Island National Park,

Alberta, 1981 and 1982. O -~ bog, @~ aspen, [J - grassland.
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No trees were present in the grassland habitat, but the shrub/herb layer did contain
a few rose and aspen. Duff was sparse, usually less than 2 cm, and limited to areas

around clumps of grass. Areas of bare soil were common.

C. Dispersal of engorged females from moose carcasses

EF were found in the 'duff layer at nine of the 11 carcass sites sampled, however,
dispersal of EF from carcasses was minimal. Of the 265 EF were recovered in
1881-1982, 56% andv87% were recovered within 30 and 60 cm of the earcass,

respectively. Only six EF (2%) were found farther than 180 cm from the carcass.

D. Movements and activity of larval ticks

A total of 2394 larvae was recovered 1 by flagging the three sites seeded with
5000 larvae giving an effucuency for the flagging technique of 16% (14%, 21%, and 14% in
the bog, aspen and grassland, respectlvely) Flagging for larvae around carcasses and
along trails was asssumed to be reasonably similar in efficiency. Because only a small
prop"ortion of the larvae around the cercass sites were removed by the flagging technique,
it was assumed that the'results reported'here”reflect actual changes in larval numbers
under‘fie!d conditions‘rather then removal due to the sampling technique.

. Flagging resuits indicated that larvae were available for transmission to hosts by
early September. fn. 1881, larvae were recovered from vegetation on 14 September at
three carcass sites. No clumps of larvae were seen at these carcass sites the previous
week indicating that larvae ascended vegetation between 7 and 14 September, 1981,
Sampling in 1982 was started on 27 August but larvae were not recovered until &
September. Larvae of the free EF in the cages in EINP began to ascend vegetation- and the
sides of the cages 10-14 days after hatchlng and began to form clumps by late August and
early September. '

| Larval D..albipictus were rec.overed from vegefaf;ion by flagging at all seven
Carcass sites in 1981 and at one of five carcass sitee in 1982 (Fig. 9). Tﬁey .appear_ed on
the tips of the vegetation fn early September; numbers rose rapidly, and peaked in early-
October. By mid-November, larQaI numbers began to decline rapidly and ;wer‘e at or near

zero by late December. Some larvae remained viable on the vegetation until mid-Feburary.



Figure 9.

Changes in mean numbers of Dermacentor albipictus larvae

collected by flagging around moose carcasses at Elk Island
National Park, Alberta, 1981 (QO) and 1982 (@). Seven
carcasses and one carcass were flagged in 1981 and 1982,

respectively.
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Sampling for larvae on the ground was imprecise due to contamination of the
square with larvae from surrounding vegetation while positioning it on the ground. In spite
of this prbblem, the numbers of larvae rose, peaked, and declined in a similar fashion to
numbers collected by flagging (Fig. 10}.

Numbers of larvae flagged along game trails were lower than at cércasses (Fig.

11), but the general decreasing trend_‘in' larval numbers was similar to that at the carcass

sites. Only 38 larvae were recovered in the 17 weeks of sampling along game trails in,
.

N,
\

1882, compared to a total of 2005 flagged in 1981,

Larvae consistently ascended to the nﬁaximum height of available vegetation and
artificial supports both on the roof of the Biological Sc?ences Center and in EINP, although
no preferred height was observed. Aimost all larvae aggregated into clumps on the tips.
of vegetation (Fig. 12). Clump height varied from 4 cm to 4 m off the ground and was
almost always at or near the tips of the vegetation. ”

Observations of marked clump‘sn of larvae on the roof and in EINP suggested that
larvae did nét exhibit a diurnal, vertical rﬁigration. Clump position reméined unchanged in
59 of 65 (92%) observation periods, suggesting that once larvae had ascended, they
remained clumped on the tips of the vegetation until they were either picked up by a host,
b|0\;VH off by the wind, or they died.

Few specific conclusions céuld be drawn on preferencés of vegetation species by
larvae in EINP because sample sizes of vegetation with and without larval clumps were

small in all but the aspen habitat. in the aspen habitat, grass, rose, beaked hazelnut, balsam

.7 popular, and quaking aspen were the most frequently occurring species over one min

height (Appendix 5).  The mean height of larval clumps was very close to the mean height
of the availaple vegetation (Table 3). Higher numbers of clumps were found‘on'grass,
possibly réflecting its importance vaiue in the shrub/herb layer (Appendix 5). The largest
‘clumps were found on aspen in spite of its relatively low importance value, possibly
indicating an attractié:n to or preferénce for this species of vegetation (Table 3). Results
6.1‘ vegetation-choice experiments with larvae on the roof of the Biological Sciences
Center were also inconclusive, suggesting no clear vegetation preference or selection by

larval winter ticks (Table 4).



Figure 10. 'Changes in mean numbers of Dermacentor albipictus larvae
collected by the flannel square technique around seven moose

carcasses at Elk Island National Park, Alberta, 1981.



40

dVAHY1 40 H39WNN

: 0O
| | o\\. LME
o\\. QD
0\ r2
/ >
/° ,w.m.
(o]
o\ - Q0
\0\ g
o) MT
| J -
P O
/o -~ S
. )
~. S0
—_— - N7
T : 5 c



Figure '11.

VAN

Changes in mean numbers of Dermacentor albipictus larvae

collected by flagging élong six game trails at.Elk Island
National Park, Alberta, 1981 (O) and 1982 (@): The same

trail sites were used in both years.
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Figure 12. A clump of Dermacentor albipictus larvae in Elk Island

;? National Park, Alberta. (Photo by M. Pybus).
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Table 4. Vegetation preferences of larval Dermacentor albipictus in
experimental plots on the roof of the Biological Sciences
Center, University of Alberta, 1981 and 1982.

) 1981° 1982"
Vegetation # larvae (%) # larvae (%)

Aspen 3683 (26.1) 173 ( 8.2)
(Populus spp.)

Birch 214 ( 1.5) — —
(Betula papyrifera)

Rose , | 900 ( 6.4) — —
(Rosa spp.)

Spruce 49 ( 0.4) - _—
(Picea mariana)

Applicator stick - - : 51 ( 2.4)

Beaked hazelnut -— -— 468 (22.3)
(Corylus cornuta)

Grass — _— 316 “(15.0)

_(Graminae)

Side of tub 9289 (65.7) - 1094 (52.1)

Total Recovery 14135 .(58.9) 2102 (17.5)

a24,000 larvae released onto 8 plots.

b12,000 larvae released onto 6 plots.
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Activity of larvae in the field varied greatly with air temperature. At temperatures
above 10°C, all larvae were active and questing. Between 5 and 10°C, larvae were
activated by jarring the twig, creating a shadow, or exhaling near them. At temperatures
from O to 5°C, larvae could be activated by repeated exhalation, Which usually took less
than 15 sec. between O and -8°C, larvae had to be warmed by exposure to human skin
temperature for two to three min before activation occurred. At temperatures below
-8°C, the larvae became activated only after exposure to human skin temperature for 15
to 60 min. |

For the first 7-10 days after release, larvae in the vegetation plots on the roof
avoided high light intensities. Most larval clumps (30-100%) were on the shaded side of
upright stems and artificial supports, or on the underside of horizontal leaves ahd
branches. The clumps moved continously to stay in shadow, especially on upright stems
and supports. As the temperature declined in autumn, larval activity declined, resulting in
stabilization of both clump ‘size and position. Larvae in the field were observed to behave

in a similar manner.

E. Experimental infestations of captive moose

The experimentally infested calves apparently handled the infestation with 30,000
D. albipictus well as four of the five mass-infested moose (MO 46,50,55 and 7 1) and all
trickle-infested calves (MO 59, 68, and 69) survived. MO 60 died early in the experiment
on 18 November, 1982 due to severe emaciation of unknown etiology. MO 68
developed‘a mild case of pneumonia in late April, 1982, but was treated and appeiared to
recover.’

Only one of the two reinfested yearling moose (MO 50 and 55) survived the
second infestation. The survivor (MO 50) became anorexic in November and lost 95 kg by
June, but is currently (July, 1983) domg better. The other reinfested yearling dled on 28
November, 1882 of a chronic, abcessing pneumonia and emac1at|on Corynebacterium
pyogenes which m;ght have been acquired during the initial tick infestation, was isolated
from the lungs. |

The unmfested calf (MO 48) survived the first experlment He was used as an

uninfested control in 1982, but died on 15 November of severe emaciation of unknown
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etiology.

All calves were in good health at the onset of the infestation and gained weight
throughout most of the experiment. Weight changes per week declined from January to .
May for both mass- and trickle-infested animals as well as the control (Fig. 13a). Food
consumption for all calves generally incre"ased over the course of the experiment (Fig.
13b). probably as a result of the continual weight gain of all calves. The control calf
generally consumed more feed per week but gains per week and gains per kg feed
consumed were approximately the same as the infested calves {Fig. 13c).

Summaries of the weekly counts of ticks during the infestations of the eight
moose calves and two yearlings are shown in Appendix 7. Because no apparent
differences were detected in timing of instar molt and duration of each instar between
mass-infested calves in 1981 and 1982, results were combined. In general, development
of D. albipictus from larvae to nymphs on trickle-infested mogse was chronologically -
earlier than on mass-infested moose. .Development from engorged nymphs to engorged
females was similar on both groups of moose due to the Iong period of nymphal mact;v:ty
(Fig. 14). Within 10-14 days post infestation, all larvae had fed and moited to nymphs.
Nymphs dominated the tick population of all moose from October to early January. Adult
males appeared in small numbers on almost all calves by late November, but the large
increase in numbers of males did not start until January. Males preceded females by
20-30 days and persisted much longer, comprising 100% of the ticks counted in the iast
two to three weeks of the infestation. Adult females appeared in Iate‘January and'p_eaked
in numbers in late March and early April on both groups of calves. Engorged females
appeared in late February on both mass and trickle-inf'ested cal\;es and tended to peak in
numbers in mid-April. A peak in female numbers was usually followed 7 to 10 days later

by a peak in numbers of EF, implying an engorgement period of about 10 days. The length

- of the EF drop-off period was approximately 9-10 weeks for calves in both infestation

groups.
The timing of appearance and duration of Iar\/ae, engorged larvae,_ nymphs, and

engorged nymphs on the reinfested yearlings was similar to those of the primary

infestations. Adult males and females did not appear on the surviving yearling until 4-6

weeks after the initial appearance of adults on the calves of eitherprimary infestation



Figure 13.  Mean weight changes and food consumption of moose calves

experimentally infested with Deﬁnacentor albipictus, 1981-

82 and 1982—83. O - control (n=1), O - mass-infested

(n=4), @ ~ trickle-infested (n=3).
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Figure 14. Comparison of instar changes of Dermacentor albipictus

oﬁ mass- and trickle-infested moose calves, 1981 anﬁw?982.
O= larvae, @ = engorged larvae, [J= nymphs,
M= engorged' nymphs, ¢ = males, A= females, A =engorged

females.
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technique. The appearance and duration of EF on this yearling was similar to both groups |
of calves. _

The control moose (MO 48) acquired 19 ticks in 1981. All were removed as soon
as they were discovered. He did not acquire any ticks in 1982, although he died very
early in the experiment. |

Only a small percentage of the 30,000 larval D. albipictus put onto each
expérimental moose in either infestation technique were recovered as EF (x=1 5%). A
total of 1673 EF (x=419 EF per moose) was picked up from the bedding of the four
mass-infested calves. A total of 1447 EF (R=482. EF pe[ moose) was picked up from the
bedding of the three trickle-infested calves. Only 223 EF were picked up from the
reinfested yearling, possibly attributing to the efficiency of his early grooming behavior.

EF did not drop at a constant ra;e from experimental moose. The major peak of
EF drop-off was in late March regardless of year or infestation technique (30 March,

1982 and 28 March, 1983) (Fig. 15). For the mass-infested calves, an average of 53% of
the total number of EF collected was dropped by the end of the major peak in late March,
77% by 15 April, and 99.5% by 1 May while for the trickle-infested calves, an average of
62% of the total number of EF coliected was dropped by the end of the major peak in late
March, 80% by 15 April, and 99.7% by 1 May. The reinfested yearling dropped only 13%
of the total number of EF collected by the end of the major peak in late March, 45% by 15
April and 93% by 1 May (Fig. 16).

No difference was found in the average weight gf EF between mass- and
trickle-infested calves (x=517 and 535 mg. respectlvely) The welght of EF from all
calves decreased over time (Fig. 17), and no dlfference was observed in the rate at which
EF weight decreased between mass- and trickle-infested caives (covariance, F=0.00186,

p=0.968). In contrast, EF from the reinfested yearling increased in weight over time (Fig.

estatlon sute%efore attaching and feedlng Nymphs moved extensively over most of

. th%body but tended to aggregate at the top of the hump and rump. Adults also

-



Figure 15. Mean numbers of engorged female Dermacentor albipictus collected

from experimentally infested moose calves, 1982 and 1983.

(O) mass-infested, n=14; (@) trickle-infested, n = 3.
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Figure 16.

)

Changes' in numbers and méght of Lngox‘?ed_ female%

"~ Dermacentor alblplctus Q,Dllected from the re~ in@e;stcd

3

yearllng mndse, 1983. O nuhber of engorged females

v ‘,‘

collected O ='engorged female weight.

[
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"gigure 17. ‘Mean weight changes of engorged female Dermacentor albipictus

collected from experimentally infested moose calves, 1982 and

1983. (0Q) mass—lnfested, n=4%; (@) trick‘le—infe‘sted, n = 3.

-
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Figure 18. Representative summaries of _density, movements of Dermacentor
‘ albigictus,. and grooming response by experimentally infested
moose calves. Tickdeﬁsity: D no ticks, alow (1-5/cm),
@ moderate (5—10/cm),- high ( 10/cm).
Grooming: Dﬁormal hair, a"chewed or licked hair, @ rubbed
hair more than half normal lenght, . rubbed hair less than half

normal lenght . bare.
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congregated at these locations, but spread downward from the top of the hump onto the
shoulder. |

Movements of ticks in relation to or in response to grooming ‘were not clear. The
aggregations of nymphs and adults were in relatively inaccessible areas to grooming,
however, it was impossible to determine whether or not the movement was: caused by
grooming, due to site selection by ticks, or to other factors such as secretion of assembiy
pheromones by the different instars (Sonenshine et al. 1982). o

' Due to the initial infestation method and site, the location of ticks over time
differed between mass- and trickie-infested.¢alves (Fig. 18). Ticks on trickle-infested
calves did not reach the rump area until about November (2 months post-exposure) and did
not reach the densities in this area as seen on mass-‘?nfested calves.

There was no apparent relationship between tick density and areas groomed by
moose. The first area of hair loss, with the exception of the thigh on mass-infested
moose, was the side ‘(Fig. 18), although tick density was very low in this area when
grooming started. . Grooming on the shoulder and hump regions began/ coincided with the
appearance of engorged nymphs, males, and females in January. No instar could be*
clearly demonstrated to initiate grooming, but the mcreased irritation due to the greater
mobility and feeding of nymphs and adults seemed to increase the rate of groommg and
subsequent hair loss.

F. Reproduction of engorged female ticks f )

In 1982, EF from MO 46 and MO-50 (both mass-infested) were consistently !jghter' _
than those from MO 55 (also mass-infested) (F=72.45 and 55.84, each p<.0001). The
mean weight of EF from individual moose for each experimenfal replicete wae not
significantly difrerent, therefore, data on EF from all threel experimental moose were .
combined.

In 1983, mean EF weight was not dif ferent between MO 59 and 68 (both

trickle-infested) (F=1 .04, p=.309), but EF from MO 69 and 71 (trickie- and mass-infested,

respectively) were Iignter than EF from MO 59 and 68 (F=11.04 and 6.90, p=.0008 and

0087, respectively). . The mean weight of EF from each moose for each experimental

. replicate was not significantly different and data from EF from the four calves were

~
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combined for the reproductive studies under field and laboratory condifions. Data on EF
from the reinfested yearling (MO 50.) were kept separate from data on EF from the four
calves for laboratory reproductive studies. |

All reproductive experirnents included replicates along a time series. A detailed
comparlson of reproduct:ve parameters within treatment groups is prowded in Appendix
8 to show changes that occurred in response to the differences in timing of EF drop-off.
Comparisons between treatment groups are provided to show changes in reproductive
parameters attritanted to experimental conditions. Although EF survival was affected by
many factors, all EF died after completing oviposition.

A small percentage (5-6%) of the EF used in these reproductive experiments did
not oviposit properly. These EF appeared to be_gin oviposition co"ncurrently with EF in the
same treatment gro;p, but did not Iay\eggs. Most ex_truded‘a sticky, pale yellow fiuid '
from the genital aperture and appearéd to undergo a similar weight loss pattern to EF that
laid eggs. Some of these EF were fixed in gluteraldehyde for examination with a
Transmission Electron Micro;cope. Results are still incomplete, but it is possible that

these EF ‘were geneti'():ally or physiologically abnormal and could not lay eggs.

Reproduction of engorged females under laboratory conditions

Detailed summaries of the results of the reproductive experiments with EF under
varic;us laboratory conditions (see Table -1) are shown in Abpendix 8. General comments
an trends and patterns observed in these experifneng are presented here.

Sur:“/al of EF was generally fairly high and remained relatively constant over
" successive drop periods for constant and cold stress treathents, but not undér fluétuating
conditions (Appendix 8). The length of the preoviposition period declined with successive.
drop periods in all treatments with more than'two repliéatés for both successful and
-unsuccessful EF (Fig. 19 and Appendix 8). Most other reproductnve parameters measured
. such as mcubatlon period, number of eggs Iald percent hatch, larval survival, and
reproductive efﬁcuency lndex remamed tairly constant between drop periods for both
successful and unsuccessful EF although unsuccessful EF generally had a lower -

reproductive output than successful EF. Total productlon was usually the only parameter

that was sugn:flcantiy related to EF weight, although REI and EF weight were significantly

e
0y

Sy




Figire 19. + Changes in the preovibosition period‘of\en&grged female

[ as

Dermacentor albipcitus under various laboratory conditions,

1982 and 1983. . : ‘
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related in a few treatment groups (Appendix 8). Percent hatch varied greatly with
experimental conditions, but larval survival decreased dramatically after approximately
120 days at 25°C from approximately 85% to 15-25% in all cold stress and constant

temperature treatments. No larvae survived the fluctuating conditions.

Reproduction of engorged females under field conditions

Determination of the chronology of reproduction and reproductive potential of EF
D. albipictus-under field conditions was one of the major objectives of this study in
general the events in the reproductlve cycle of EF were mfluenced by environmental
variables and, therefore, were somewhat predictable. Productivity varied betwsen habitat
types. suggesting a favored or at least a more favorable habitat was available in the
open-canopied sites. »

Survival of EF (see definition p. 7) increased from earluVlarch to early May in both
1982 and 1983 (Tables 5 and 6), but the rate of survival from early March to late April

was not different between 1981 and 1983 (covanance F=5, 944 p> O 05). Survival of

EF in all three habitats in both 1982 (Table 5) and 1983 (Table 6) was greatly mfluenced by,

snow melt which occurred around 24 April, 1982 and 10 April, 1983. Survival of EF put
in cages prior to snow melt was low, averaging 10% and 11% for 1982 and 1983, _
respectively, but survival after snow melt (to 30 April) averaged 6 1% and 60% for 1982
and 1983, respectively. _ -

With‘ the exception of the aspen habitat in 1982, the mean proportion of EF that
survived to oviposit in the three habitats was similar between 1982 (29%, 15%, and 25%
for the bog, aspen, and grassland, respectfvely), and 1983 (29%, 29%, and 33% for the
bog, aspen, and grassland, respectively) for comparable dates, anrj averaged 27%.

Hovever, overall survival of successful EF in the bog and grassland was almost three times

' that of EF in the ; aspen in 1982 from the onset of oviposition (42%, 35%, and 45%for the

bog aspen, and grassland, respectively) (Table 5) to the t:me of hatchmg (34%, 37%. and
13%, respectively) (Table 7), implying a marked mortality rate in the aspen habitat after

initiation of oviposition. Survwal of EF was significantly lower in the aspen than in the bog

or grassland ba, 2 df= 13.2, p<0.05).
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Table 5. Changes in the preoviposition period'and survival of engorged
female (FI') Dermacentor albipictus under fiel’ ~oncitions in
three habitat types in Elk Island National Park. Alberta, 1982.
Date No.
Location Expt. of .EF Survival Preoviposition Perigd
- Began EF No. @ y (days + 1 SD)"
BOG 3/14 4 1 25.0 87.0
3/27 18 2 11.1 72.0 /
4 4/10 18 1 5.6 160.0
s 18 13 72.2 b4.7 + 4.4
5/8 10 9 .90.0 28.8 + 6.8
5/22 6 3 50.0 14.5 + 0.7
ALL 74 28 42.3 40.6 + 16.8
ASPEN 3/14 9 - 0 0.0 ’ —
3/27 18 1 5.6 76.0
4/10 18 2 11.1 - 59.0
o 4/2’1?5;'?'.7}" N8 8  4h4.4 44.7 + 15.3
VA RIS ARy 9  90.0 26,0+ 7.4
L. ~—  5/2%" 5 3 __60.0 19.0
AL - 78 23 35.2° 39.2 + 18.6
GRASSLAND 3/14 5 0 0.0 -—-
3/27° 18 1 5.6 - |
4/10 18 . 4 22.2 60.0 + 3.1 3
4/24 18 12 66.7 38.3 + 10.2 "
5/8 10 10 100.0 . 29.1+ 8.0
5/22 5 5 100.0 17.8 + 0.5
ALL 73 32 44.8 36.2 + 15.3
#Number of engorged females that éurvived and laid eggs as of 20 June.

bCalcu_lated for successful engorged females only:

Snow melt occurred around 24 April.

€
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Table 6. Changes in the preoviposition period and survival of engorged
female‘(EF) Dermacentor albipictus under field conditions in
three habitat types in Elk Island National Park, Alberta, 1983.
Date No.
Location Expt. of EF Survival Preoviposition Per%od
Began EF No. 2 v (days +.1 SD)
BOG 3/6 12 0 0.0 - ‘\,
3/19 46 17.4 7.4 + 5.5 "
a2 48 12.5 63.8 + 5.9
© 416 48 25 52.1 49.5 + 3.5
4/30 33 21 63.6 - 36.6 + 5.4
ALL 187 60  29.1 48.5+ 14.0
ASPEN 3/6 11 1 9.1 97.0 .
3/19 50 3 6.0 73.3 + 6.4
412 48 7 14.6 57.6 + 3.6
4716 50 34  68.0 49.8 + 5.5 o
4/30 .33 15  45.5 36.9 + 4.9
ALL 192 60 28.6 ©50.0 + 12.5
GRASSLAND  3/6 12 0 0.0 — .
3/19 48 3 6.3 77.0 + 3.5
4/2 48 14 29.3 65.4 + 8.7
4716 4 24 51.0 45.2 + 4.5
4/30 26 200 76.9 3458 + 4.6 -
ALL 181 61  32.7 48.0 + 14.3

aNumber‘of engorged females that survived and laid eggs

bCalculated’forrsuccessful engorged females only.

Snowmelt occurred around 10 April.

as of 20 June.
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Table 7. Reproductive parameters of engorged female (EF) Dermacentor
albipictus under field conditions in three habitat types in Elk
Island National Park Alberta, 1982.

Habitaf Type

Piramveter _ - Bog Aspen Grassland

No. of EF : 74 78 73 .

, E\IN;%" (%) EF that survived 25(34) 10(13) 27(37)
Preoviposition period (days) 41 i 17 39+19 36 + 15
Incubation period (days) . 81+ 12 106 + 21 79+ 10
Total production (eggs/EF) 3227 + 1590 301)3 + 1319 = 3152 1‘136'1
% éggs hatched (957% CI)b 51(39, 62) 23(9, 41)C‘ 59(44, 72)

% larval survival (957 ¢D® " 1age, 26)  6qL, 18)¢ 3621, S51)
Reproductive efficiency index . »
(eggs/g EF) . 6029 + 1733 5579 + 2119 5897 + 2179

SNumber of engbrged females that survived and laid eggs.
bStatistical tests run on arcsin transformations of these values.

Using an F-test for linear combinations of means, . tl‘neqe";;\{.’alues are
significantly different (p< 0.05). @v“‘
*
mean + 1 SD. ‘ .
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AIthOugh the preouposntlon period was not sngnxflcantly differentin the three -’

habltaf' types in 1982 (Table 7), it decreased with successive drop perlods within each
habltat type (r=-0.9199, -0.9214, -0.8604, each p<. 0002 for bog aspen and grassland,_ 45»,4
respectlvely) (Table 5) and in 1983 lr—-O 9426 -0.90 14, 0 9055 each p< OOOl for the g

bog, aspen, and grassland, respectlvely) (Table 6). In spite, of the changlng preowposmon, , :‘g,."
‘period, the chronologlcal mean for the onset of egg lay,lng for EF in all habitats and alldrop
. periods was 7 June 1982 and 5 June, 198? {Fig. 20).

ca N Y
i . In most other reproductlve parameters momtored in 1982 the aspen habltat

_A

t S appeared detrimental to successful reproduction (Table 7). The mcubatlo ‘P}lod dld nhot Lo
change-over time, but was over 20 days longer inthe aspen foréstl@n thég;bog or Lo

grassland Rercent egg hatch and larval survival from hatahnng to 15 Novembel: 1982 ln :\"'

s ' the aspen forest was half that in the bog or grassjand R v“' o R
PR y . 3 PR ‘-,’,' R
S No reproductive parameters except preOleosxtlonPerlod were correlated w:th BT
oy 5 . '. oo
the date the EF were placed in the fleld Total productlon was sngnlf;cantly correlated w;th
N o
e

EF weight in the bog and grassland (r=0. 772 and 0. 468 P<. 0061 and .0138, 'Q _ "'. - J‘cja' '

s

respectively) but not in the aspen (r=0.458, p=. 1827) No other reproducttve parameters Lt B

4

were related to EF weight. - . ' PR

Twenty six EF, over half of Wthh were in the aspen forest habltat la|d eggs that

1

- failed.to hatch {Appendix 8) although no cause wasdetermlned e SR

s
e . Al

-
i x

‘Comparisons of reproduction between various experimental conditions with

T
L4 . . .
B -

constant 25°C

.l
Because most reproductlve studles of tlcks are done under constant temperature '

5 7 - - and reIatlve humldlty condltlons data from all treatments used in thls study were.

% .+ " compared to data from the constant 25°C control tvreatment\to determme if the varlatlonsk

87

outllned above were due to the non-standard and/ or: suboptlmal condltlons All

¥

comparusnons were based on mean values for, the repr@dbctlve parameters of EF in each

of the treatment groups. Important varxatlons and general trends are ldentlfled where

o g ! oy

| appmpnate . - fi’? 5 ;, S RARAT S s

b ) R Sl

U 3 The mean We'gﬁ EF that la|d successful eggs was varlable but was uswdy 0 B
ea

, ., around 550 mgin all tr ent groups The mean we:ght of. the EF at constant 25°C w
| ‘ : oo

-
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20. Chronolcglcal ‘onset of ov1posit10n of sngorged female

-

: Dermacentor alprictus in three habltat types” in Elk

Island Natlonal Park ,Aiberta, 1982 and 1983
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470 mg, the only value less than 500 mg, possubly reflecting the more optlmum condltlons

for survival and reproductlon In this treatment group “The mmlmum welght needed for
successful réproduct»on was about 200 mg and did not vary greatly between treatment

groups.

Field conditions versus constant 25°C

Survival and reproduction of EF under field conditions was poorer than under

constant 25°C (Table 8). EF survival was lower, preovipostion and incubation periods

longer, and reproductive output and etficiency lower.

Cold stress versus c.onstant-25°C o

‘ Cold stresssing EF had a stimulatory effect on productivity and reproductive
efficiency. The length of’the reproductive cyole was generally similar between all cold
stress treatmenfs and the control. Eﬁ"surwval preovuposmon per»od and Iarval survival
decreased with severlty of the colid stress (Table 8).

Fluctuatnnq conditions versus constant 25°C

~Survival and reprpduotive output of EF under fluctuating cehditions was ma‘%(edly
poorer than under constant 25°C (Table 8). EF survival was lower, preovrposutlon and
mcubat:on periods longer and reproduc\tlve output and efficiency Iower '

R Cr
" Comparisons between field, cold stress and ﬂuctuatlnq conditions * o . ;'_'

Comparnsons between reproductlve parameters of EF under ﬂeld cold stress ‘and

1 e

fluctuatlng condltlons are complncated and yleld few d:stlnctlve patterns Small sample

>

snzes of EF'in some treatgwent groups only add to the problem The major pattern

Bii

“-observed was that cold stressed EF generally had a hngher survival and produttlvnty than EF

in other treatment groups (T able 8). - i v

Ve

G g
Reproductlon of engorged females from other hosts under constant 25°C
There were few dlfferences ln reproductlve parameters of EF from free- ranglng

-3
wapltr Whlte tarled deer and moose (Table 9). Mean weights of EF were d:fferent (xxSD

181+160 g, '405+187 mg. and 509238 mg for wapiti, white-tailed deer, and
moose, respectﬁ@y ‘but EF. f;rom wapiti were ¥lightest due to removal from the host prior

N g -‘l\ ?“
ot Sﬁrwval of EF from moose was lower” (40%) than survuval of

EF from wapm andwhnte ta?ed deer (94% and 89% respeci}yply) As reported
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‘previously, total production was correlated with EF weight (r=0.984, 0.968, and 0.899,

each p<.0001, for EF from wapiti, deer, and moose, raspectively). The.REl was

correlated with EF weight for wapiti and moose (r=0.509, 0:621, p=.0048, .0026,

‘réspectively), but not for EF from deer.

. No significant dlfferences were observed In any reproductive parameters between

free- ranglng and experlmental moose under constant 25°C (Table 9) EF from

YN
‘ free rar'lglng moose produced about 800 more eggs per EF than EF from experimental
. RN . ’ .
mo8se.” Larval survnval was higher for EF from the experimental mnose due to
differe_nces in the iength of time between hatching and counting {approximately 60 and
170 days for experimental and free-ranging moose,'éspectively).
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IV. DISCUSSION

The winter tick, Dermacentor a/bip¥etus, is near its northern distributional limit in
Alberta. Although 'northern limit' implies unfavorable conditions for both development

~ and high population densities, winter ticks are well established in central Alberta and,
_therefore, must be well adapted to climatic conditioos in the pr%vince.

Because the frost-free period is very short, winter ticks must be very efficient in
utilizing available habitat areas and favorable environmental conditions to.survive,
successfully produce larvae off the host, and comple're the life cycle. Results of this
study suggest that the entire life cycle  attuned to the most constant {i.e., photoperind
and temperature) cues available to ensure completion of both parasitic and non-parasitic
phases.

The genera'l structure of this discussion will follow the life cycle patter‘n'outlirmed in’
Flg ‘1. Important aspects in the ecology of the non-parasitic instars of winter ticks -

' mclude movements of EF, reproductlve potential of EF under f:eld cohdmons and

‘r° .
activities of larvae in autumn Each of these wnll be dlscussed in relatlon to

. moose that,provude.information on the basic biology and transmission of winter'

‘and ‘thkS in central Alberta

. A.,Disber"sal of engorged females from moose carcasses
N =) a/b/p/ctus probably have limited options when they drop from moose in late A

w:nter and early sprmg Two requirements exnst for ensuring completion of the life cycle:
o5 ¢ e

the EF mus& fmd a su:table snte forzovaposmon and incubation of her eggs, and; she must
ES

dropqn an area that a moose wull frequent the following autumh to enable the Iarvae to find_
a host. In thxs study,, fmdmg a suxtable site: for ovnposmon did not appear a problem

' because most of the EF«(87%);ecovered were found wnthm 60 cmcf the the artnfncual”

Y L : |
i ndrop snte (i.e.,,moose carcasses) I I @

'5q_- su:',u: . v . ] . L i, - . B . L

]




T

The presence of the carcass itself probably negated prolonged searcning for a
suitable oviposition site by EF because it provided the sheltered, shaded environment
sought t%y EF (Balashov, 1972; Diehl et al. 1982). The huge numbers of larvae recovered
from vegetation by flagging at carcass sites in autumn tend to confirm this idea. These
findings may not reﬂect what happens when EF drop from live moose and it is possible
that dispersal ranges of EF are normally greater than recorded in this study. However,
present fmdmgs techniques aside, are similar to those of the few published studles on

| -dlspersal of EF of other tick species (Hunter and Hooker, 1907; Patrick and Hair, 1979).

The fact that EF D. a/bipictus did not dlsperse great distaances is :mportant

because the drop site essentially becomes the ovuposmon site. The dtstrnbu’&imn of EF is

therefore assumed to be directly dependent on’ moose act|V|ty in late wmter Because EF -

ﬁprobably have little control over the habitat type |nto which they drop, environmental
factors like temperature appear to be more important in determin-ing the foci for.
infestations of moose by ticks by atfecting the reproouctive potential of EF.
) |
B. Reproduction of engorged females under fietd conditions
The components of the ?’eproductlve performance of D. a/b/p/ctus that appear
' mportar{ibﬂthe epxzootlology of tick infestations on moose and that were examined in -
this study are: survival of EF, timing of oviposition and@égg hatch, numbers of eggs laid,
& percent egg hatch, an"d larval survival. All w’guld seem to havebeen functio‘ning at or near
X, Mmaximum levels and efficiency in EINP during this study to account for average numbers
of ticks per moose of over 80,000 (Samuel, unpub ). -
Under fleld condntlons temperature and relative humidity are considered the most
important factors mfluenm:@ tick reproduction (Hixson, 1840; Hitchcock, 1955:
Snowball, 1857 Wilkinson and Wilson, .1959: Harley, 1966; Patrick and Hair, 1979). In
contrast, the results of this study suggest tnat photoperiod may be more important.than
temperature for- cuemg reproductaon although temperature probably determlnes the

productlwty Ievel of EF under ﬂeld conditions {see below).

'Survn\ralo_fenqorqed females - . ‘ o >

Survival of EF under field conditions can be related to two factors: date of . -

snowmelt in spring,'and summer weather conditions. The low survival rate of EF prior tg ﬁ .

oo -
’ .

G apd g e o
L :

q'f'f::- =
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snowmelt In spring may be because the sudden change from body temperature of a
moose to ambient temperature at the snow surface is lethal for EF. If the EF can survive
this sudden temperature change, it probably cannot survive the long period spent at or
near the super cooling point of D. albipictus, (-17.5°C, Schmid, pers. comm.}, on the
snow surface. The peak of EF drop-off from experimental moose occurred from late

March to mid-May (Flg 15} when minimum temperatures ranged from about - 5°C to 20°C

(Appendix 2 and 3). EF that drop off lmmedlately before or after snow meit survive much

better (Tables 5 and 6), perhaps because they are able to fcclimatize themselves to the diel
fluctuations in temperature that exist, or because minimurh temperatures do not fall below
the threshold for survival. |

The higher mortality of EF after the onset of owposmon in the aspen habitat in
1982 (Table 7) was apparently caused by the dense canopy cover subsequent shading,
and, therefore, lower temperatures (see Fig. 7). Itis not clear whether this mortality is to

be considered abnormal or was dué to environmental conditions that either inhibited

_oviposition and/ or prolonged the preoviposition period to the point of energy deficit and °

death of the EF. ) »

Patrick and Hair (1975) reported what" appears to the opposite: higher surwval of
EF D. albipictus in a forested habitat than in a meadow habltat The bottom-land ‘
oak hickory forest in their study had very little undergrowth (Semtner etal 197 1a)
implying a fairly dense canopy with intense shade. Temperatures were lower, but more
stabie and relative humidity was,higher in the forest than the meadow habitat (Semtner et

al. +1 9.7 1a). The bog and grassiand of the present study had temperature and humldlty

ranges (see Appendix 3) similar to the bottom-land forest of Semtner et 3 %\ diRa). The
higher EF surv‘l_val@es in these habitat types suggests that the meadow h % Posted by
Patrick and Hair (1\375) was too hot and dry and the canopied aspen habitat present

study too cold (see Fig. 7) for optimum survnval of EF D a/b/p/ctus Therefore, spec:flc
"habitat types that are favorable for surivival of wunter_ t:q@are probably regxonal and
broad generallzatlons on habitat specific mortalityrates are not possible except in local
areas. ) ‘

¢
The factors that mfiuence EF survival are nmportant in pred:ctmg outbreaks of ticks

. and maype useful'in the administration of control eforts The date of snow melt may be a

/' 4

™
. .
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useful indicator of potential EF survival rates under field conditions in central Alberta.

Because EF survival appeared habitat related, these data should be useful in identifying

possible foci for tick.infestations of moose. Control efforts may be more successful if

directed toﬁards areas of high EF’ survnval although local moose populations and
movements must be taken into account (see later sections).

Preoviposition period
Several authors (Snowball, 1957; Wilkinson and Wilson, 1959; Patrick and Hair,

-

1975) have proposed that the preovnposntnon period of EF ticks is temperature dependent.
All have concluded that Iower sonl and/ or air temperatures result in lengthened
preoviposition periods. Such waé&a})parently not the case at EINP in 1982 and 1983
because although the winter of 1981-82 was severe with cold temperatures and deep

snow well into April and the winter in"1982-83 was mild (see Appendix 2 and 3), the mean

onset of" ovuposntlon was similar (7 June; 1982 and 5 June, 1983) (Fig. 20). This sugge

the use of a more constant cuemg mechamsm than temperature

There is probably a minimum temperature needed to facilitate réproduction, and

the probability of reaching this temperature increases as sprlng advances. However,

given the variability found in spring temperatures and the short frost- ~free period in central

_Alberta a more constant and/ or precnse cue than temperature is needed to mutaate

o ~ovnposnt|on at a time that ;6' };kely to optimize successful reproductlon That cue may be

,’hotoperiod, with the swbny of oviposition resulting from some type of facultatlve
diapause of the EF that is terminated by a particular photoperiod. Therefore, the closer
the date of EF drop-off js to the critical photoperiod, the shorter the preovnposmon
period becomes. _

Photoperiod affects the initiation and cessation of many insect and vertebrate

activities including hibernation, breeding, and molting (Uravov, 1931; Lees, 195'5; Beck,

1963; Wigglesworth, 1972). Its relation to the initiation of oviposition in ticks under field ;

conditions has not been stidied, although some work on the relati&f photoperiod to the, .

rate of oviposition has been done under laboratory con'ditions (see review of Belozerov i
1982). Belozerov (1982) discussed dlapause in tlcks and mcludes the delay of ovnposmon
by EFasa type of morphogenetlc diapause. However little mformatlon is gnven as to

whether he is referrmg to a ‘seasonal dlapause Ieadmg to synchrony of egg laymg as seen
g



. and fall appearance of lmmature stages that-are incapable of over- wnntermg ‘The onset of
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in this stu‘dy, or to a simple delay in oviposition due to unsuitable conditions at thé time EF.
drop from the host. Balashov (1972) concluded that photoperiod is responsible for the
induction of ovipositional diapause in some species of /xodes, Haemaphysalis, and
Dermacentor but gives no mformatlon on the stimuli that terminate dlapause and initiate
ovnposntlon Razumova (1966) and Balashov (1972) proposed a summer diapause in EF D.

pictus (a three-host tick) asa rehable blologlcal adaptation for prevention of late summer v

this dlapause is thought to be the photoperlod ‘experienced by unfed females (Balashov,

et

19725\ A sumrlar phenomenon with a winter dlapause has been reported for EF Argas

,,arboreus: (Khalili, 1974)

‘ forested site and a bog in Minnesota showed both sites to have congruent warming

#; ' Several other possnble cues for the lmtxatlon of oviposition exist, lncludmg soil

temperature and degree days and/ or degree hours over a specified threshold

temperature Soi’l temperatures were not measured in this study, but recordings from a.

, patterns in soil ardair temperatures in spring, although the degree of warming varied ~

,annually {Rossman, unpub) If a similar relationship between soil and air temperatures

occurred in the three hablta’ts in EINP as well as the annual varuatlon soil temperature

would not llkely prov:de a swtable constant cue for the:initiation of ovuposntaon

&

Degree hour summations also do not appear related to % initiation of ovuposmon

‘ Summatlons of hours per day wuth temperatures over 15°C for EF put into the cages at

EINP in early Aprnl were almost two t:mes-greater than those for EF put out in late May

* (Table 10). Itis possible that a certain humber of degree'hours wnthln a short time span

apparently have no stimulatory effect on the onset of ovuposmon (Table 10).

provides a suitable cue for oviposition, but there was no apparent S|m|lar|ty in degree
summations for any time between 1982 and 1983 that might result in synchronous
oviposition. If & minimum of about 100 degree hou's over 15°C is required to initiate

ovnposntuon it is not clear why summataon totéls of greater than 200 degree hours

a

Due to annual varlatlons in sprmg,temperatures and subsequent varlatlon ln




s

Relationship between degree hours over 15 C and 7

82

- a Average date of either preoviposition or incubation for allﬂ?'~
survived and laid viable -eggs in each drop period.:

'equipment not operable before .1 April.,

1

.—r_,.

b,
Degree hour summations not calculated because Weathen\record,

Table 10.
the preoviposition and incubation periods of eng- e
(EF) Dermacentor albipictus in three habitat typ :
Island National Park, Alberta, 1982.
‘Date Expt. Bog 1 Aspen Grassland
Started e
3 a .Degree Degree Degree
E@ate Hours Date Hours Date Hours
PREOVIPOSITION ’ R
e b : ./———'/
March 14 - 9 Jun  -—- —_— _— — ——
March 27 8 Jun  -—- 11 Jun --- -~ .
April 10 9 Jun 272 8 Jun 260 9 Jun . 229
April 24 8 Jun » y ' 189
M;:ly 8 6 Jun 194
May 22 6 Jun 1do
Mean v 8 Jup 178
INCUBATION
March 14 /f 6 Sep ——
March 27 = - 12 Oct 839 . 11 -Oct - -—
April 10 20 Aug 720 - 27 Sep 3 Sep 604
April 24 - 26 Aug 754 * 7 Sep 670 . 16 Aug 588
May 8 22 Aug 740 27 Sep. 753 27 Aug - 584
May 22 30 Aug 767 3 Sep 622 26 Aug 584
Mean 29 Aug 770 22 Sep 701 25 Aug 590 -

i)
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of this relationship to tick outbreaks.

Incubation period

Even.though the preovipostion period appeareu‘ to be initiated by photoperlod, the
incubation period in the present study was dependent on temperature under field
conditions. Differences in incubation perdod between habitats was apparently due to the
presence or absence of a canopy strata which‘ would influence ground temperatures. . The

dense shade caused by the canopy layer in the aspen habitat resulted in cooler

: temperatures throughout the summer (Flg 7) and in turn, a longer incubation period than in

~the bog or grassland (Table 7). Other studies have also shown the lncubatlon period for -

]
several tlck species to be somewhat teq:p}erature dependent under fleld conditions
1

(Hixson, 1940; Snowball, 1957 Patrlck\%nd Halr 19731

Degree hour summations are probably the most accurate means of expressung the ?

length of the incubation peruod under fleld condltlons Approx1mately lOO 150 more -

degree hours over 15°C were requlred for hatching in the bog and aspen, than in the -

\qrassland T able lOl The large degree hour summatloh in the/bog was pro\bably due t6 the

wide fluctuatlons in minimum and Mmaximum temperatures in st.lmmer (Fig. 7). Wthh caused

repeated interruption of egg development (T able 7). DegreeThour summatuons in the aspen -
habitat were sumllar to the bog because of lower minimum temperatures in the aspen (Fig.

7 and 8l “The lower summation in the grassland was attrlbuted to higher temperatures that

14
occurred for shorter perlods of time than in the bog or aspen (Table 2). Addltlonal study

and reflnement of these degree hour summations lS needed to clarify the relatlonshlp /" ™

between these two variables and to determlne if degree hour summatlons m/ay be of value

in predlctmg reproductlve success and hatchmg dates under fleld condmons o Ry l&?
Developrhent of eggs durung the incubation perlod was probably delayed by the

fluctuatmg temperature COndltlons in the field. In order to successfully reproduce the . |

mlnrmum threshold temperature of development for D. a/b/p/ctus must either be lower ‘/ e

than the '!p threshold proposed by Glmes (1983) or egg laymg and devejopment crccurs_ ..

in short bursts durlng peaks in maxumum temperature Summarnes of monthly weather ‘ }" »

data for central Alberta from 1970-1983 T able 1) lnd’ cate that mean monthly [

. l ’ ,
tempe&atures below 15°C are common dUrlng the summer (June Augustl In the praggnt o

study EF were' sub Jected to. gradually ln@geasmg 'temperatures for early- March to late -

-

K, . - N . i . . ‘
: e . -l . e o
. B o S . i

— 2,
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June, 1982 and 1982 (Appendix 2 and 3). The maximum temperatore did not reach 15°C
until mid-April, 1982 o = v May, 1983 (Appendi« 3). Only EF in the grassland
experienced mean romperatures above 14¢C and then only for the month of July (Table
12). Nonetheless, EF laid eggs and these eggs hatched in spite of these low temperatures
implying that a very low threshold terﬁperature for development i5s needed to account for
the reproductive success of winter ticks under field conditions in central Alberta. If the
annual temperature trends shown in Appendix 2 are typical, the proposal of short bursts in
egg production and development over a long period is probably the better of the two
explanations for the long incubatjon period in the field. In addition, the long period
'required from drop-off to egg hatching under field conditions (120-150 days) and the
short snon-free period (100-120 days) in central Alberta indicate that D. albipictus in
central Alberta is close to the northern limits of its range, confirming Wilkinson's (1967)
limit of 60° latitude. -

Most attempts to extrapolate laboratory-derived reproductive data of ticks to field
conditions are probably unjustified because constant temperature and/or relative humidity
conditions do not occur in field situation. In this regard, recent literature providing
gggeral information on D. a/bipictus in North America (Ander,\son, 1962; Drummond,
196—777xnderson and Lankester, 1974; and others) contains st\atements about a summer
hatch and delayed larval activa‘;‘ion uo'%il autumn. As far as can be determined, these
statements are the results of erroneous extrapolations from laboratory studnes of Hooker
(1909), Bishopp and Wood (1813), Howell (1939), and other early workers.

Using field data from this study, a well defined sequence of events from EF
drop- off to larval activation can be shown. Assummg 1 Aprnl as the peak of EF drop off
{Fig. 15) and ﬂE’Q_Z\O 150 days are requured from ovuposmon to egg hatching (Table 7),

larvae should be availgble for transmission to moose in early September. Larvae were not

collected by fiagging until about er (Fig. 8), indicating that an autumn
{Aug-Sept) hatch and a short larval inactivity period occurs, at least in Albérta. Therefore,
if one is seeking to predict population trends of ticks, reproductive data should be based
on field observétions, not extrapolations from laboratory studies under constant

conditions.



Monthly temperature summaries in three habitat types in Elk

Table.12.

Island National Park, Alberta, 1981 and 1982.

1982

1981

Aspen Grassland

Bog

Grassland

Aspen

Bog

Month

7.4°¢
_3_

8.0°%

8.5°¢
-2,

Max -

Min

Apr

5

5

3.2

1.

Mean

— T
0 N O

17.0
3.7
10.4

1
.9
8

22.
1
11.

Max
Min
Mean

May

Max

Jun

Min

14.
18.
10.
14,
15.

12,
21.

Mean

20.8

3
6
6
6
5

19.9%

10.8
14.

Max - 21.6°C

Min

Jul

9.7

7.
14.
18.

9.9

15.
25.

15.2
16.

5
3

7 9

Mean

23.4°%C

9 22.4

Max
Min

6.8

11.

7.
11
14.

5.4

11.
17

0
3
0

10.6

.8

7
16.8

Aug

8

15.
18.

16.5

Mean

14.¢

7

)

17.2

Max 19.0

Min

Sep

1.

0
9

5.

2.

1.

9 .

5.
11

2.
11

8.7
9.3

9.

11

1

9
4

9.

.1

Mean

Max

11

7.

3

9.
-0.8

9.3

Oct

-5.6

0.3

-3.2

1
7
3.4

-6.5

Min

6.2
-4,
-10.6
-7.

2.5
5.5
-4.5

1
8
2

0.4

3.

Mean

=6.1
-14.8
-10.4
-10.1

0

-1.
-10.5

3.

Max
Min

Nov

3

6
8

~5.
-5.

0.8

.6

-1
~4.

Mean

-5.3

3

1 7 1.

Max

Dec
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’

Patrick and Hair (1975) obtained reproductive data for D. albi pictus under field
conditions in Oklahoma, whith is in a prairie biome and is climatically distinct from Alberta.
If 12°C and 4 cm precipitation are arbitrarily .assumed to be the lower threshold of
development, the entire reproductive period, with the exception of Iarv,al’?ctivation
occurs during the months that fall above the proposed minimum (June, July, and August) in
both Oklahoma (Fig. 21), and Alberta (Fig. 22). Although these minimum criteria are highly
subjective, they do provide a common pattérn for development of winter ticks in two
climatically distinct areas and may be useful to deterr ne the actual range of D. albipictus
an.d identify areas suitable for reproduction where winter ticks are currently Hot found

such as Alaska.

C. Reproduction of engorged females under laboratory conditions

Cohstant conditions

Because most arthropod reproductive studies are done under constant laborator,,
conditions, the data and discussion in this section provide some comparative information
for EF D. albipictus under corstant, cold stress, and fluctuating conditions. As far as can
be determined. the current study is the only reproductive study that utilized multiple
replicates al‘ong a time series w[thm the treatment grcups. The following discussion also
provides some ir;formation on aspects of the transmission of winter ticks to moose.

A review of the reproductive performance of D. albipictus under constant
laboratory conditions confirms that EF in this study were basically similar to EF incubated
at similar temperatures from other regions of its range in North America (Table 13). Sorﬁe
or all of the variation in Table 13 could be explained by fferences in r’nethodology
including the weighing of eggs instead of total egg counts, use of different host animals,
different photophase during incubation, fime of year EF were coliected, and differences in

EF size.

Engorged female weight

Weights of EF in this study were similar to EF in other studies on D. albipictus
{Table 13), althbugh EF from moose are usually heavier than those from bovine hosts.
Differences in weight could also be attributed to date of collection, and regional

differences in tick size, although the effect of differences in weight on reproductive



Figure 21. Climograph for Cookson Hills State Wildlife Area,
Oklahoma, 1975. (Data provided by A. Kocan, Oklahoma

State University, Stillwater, OK)
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Figure 22. Climograph for Elk Island National Park, Alberta, 1981-83 (O)

'and Edmonton International Airport, 1940 - 1981 (@). .
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Tatle 13, Reproductive para—eters of engorped fecale (EF) Dermacentor sitipictus under ladorsten cond{ticns: ®» review.
Mproductive
Total Ef!iciency
. LF Ve ight Preoviposition Inrubation Production Index (REL)

Host Conditions a (g ¢ 5" (days + sD) (doys + SD) (fegpe 'EF ¢ SD) (Pogpe 'gEF) Source

-- 10°C 3 -~ 3-~48 ¢ -- - -- wilkinson, 1947
BOIRH

== 15°¢C bl -- -3 131 .- - Wilkinson, 1967
BOLRH

-- 15°¢ ’ - -- - -- - Howell, 1939
60-10-30¥

-- 18-20°C 2 - - 67.0 -~ -= ll-;«apr 4 Wod, 19113
moist sand ‘/-\

» 19°C 0 0.509 h 0.149 21.3 3 A9 \8.5 + .9 4754 4 1018 807 Glines, 1983
asiry ° -
12:12°

™ 19°C 136 0.536 + 0.167 2).5 + 47 T a-- -~ -- Present study
BSTPK . 7
12:12

-- piogs 3 ‘6.8 57-62 -- -- Wilkinaon, 1967
BCARK .

-~ 200 3 - 1.y ¢ - -- Howell, 1939
60-1GCLRH

-- 20-31°C 1 ~-- -- 58 - -~ Bishopp & Wood, 191)
waist sand ’

-- -220¢C 3 - - 52.3 - - Biakopp & Wood, 1913
mcist sand

d 2°¢C 252 6.47 + 0.12 11.1 47.9 + 2.9 W1k? + 2108 8823 Addtson & 196 )
bIC 4 - -
dark

- 2-23¢ o -- -- $0.8 - -- Bt ahorp b Wocd, 1912
moist ssnd

-- 23-24'C 2 - - 49.5 - - B ahorp b Wood, 1913
wcist sard

-- 24-25°C & - -- 42.0 -- - Rishopr b Weod, 19))
molet sand

M 2%°¢C 19 0.61C * 0.136 8.7 + 2.1 £1.3 + 1.6 l-ll9j_ 1143 6801 Glines, 1983
[ 1245
12:42

- 5°C 3 - -2 3&-39 - - Wilkinean, 19¢7
ACIRH

- 2%°C 9 - - 35.8 - - Howeli, 19219
67 -1 002RH

L] 25°C 91 0.477 - L2136 8.3 + 3.6 f36.8 + 4.8 7y + 2146 7940 Presert study
853kh - -
dari

.- pE RN 2 -- - 38.% - - N shopp & Wood, 1903
mois: sand

Ll 26" C 51 0.39 + 0.17 10.2 1.3 + 1.0 2707 +.1323 6541 Adcgson & Saftt, 19PR1
30-501PE - - : .
datk

R 6.7t
BS3R+- 23 - - 28.2 » 0.5 3835 - Howell, 1939

B 26.7°C 20 C.1%¢ 6.1 - Erast & Gladney, 1975

92



Table 1). (Continued). )

Totasl

host Conditicne a EF Meight Preoviposition Incubation Production RLI Source

-- 26-21°C 3 -- - 39.3 “ - - Ashopp & wood, 191)

moist sand
» e 23 0.420 11.8 5.7 3864 9200 Drummond et al. 19494
70-902RE : )
dark
. ' ' .
3 bR - 0D 10,8 26.0 37 8749 Wrigkt, 1971
BULRH .
12:12
B o - - - 3.8 - -- Wright, 19¢9a
BOARH
varjous
- e . -- -- 33 -- -- M shopp b Waod, 1912

®oi1st sand

- 3rc M 0.626 % C,112 .64 1.3 263 + 1.9 3626 + 1133 5792 GClines, 19R)

BILRE
dark®

-- atc 3 -- 2-) 27-29 - - . Wwilkinson, i9¢7
BOLRM

9 - -~ 29.1 - -- Howell, 1939

-- 3.2 ] - 17.6 » 0.4} - 1873+ Y97 - Bi{shopp & Wood, 191)
soist

-- 3s*c 3 - 2-3 27-39 -- - Wilkinscn, 19¢7
8OLKH ! -

-- 35°¢ 9 - 2=} 27-29 -- -- vilkirson, 19¢7
[N 44

- 3s*c 9 -- -- 2 - -~ Howell, 193¢

* b - Bovire, H - Horse, M - Moae

v
TR - Relative Humidtty

<
Frotophase
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potential expressed as REl is unknown (Table 13). N

The results of this study show clearly that a decrease in weight of EF occurs cver
time (Fig. 17). Woeights of EF used in these reproductive studies were similar for all |
successive drop periods due to random selection of EF. If selectioﬁ of EF had not been
random or all EF used in one treatment, the decrease in >weight. would probably have been
reflected.in lowe‘r reproductive parameters with successive drop periods. This
decreased productivity by Ilghter EF that are dropped in late winter may have important
implications in the dynamlcs of tlck transmission under field conditions and for )
comparative studu_es on reproductive potential of EF under laboratory conditions.

Preoviposition period

The preoviposition period is dependent; to some degree, on temperature under
constant conditions (Table 13); being shorter at higher temperatures. Because incubation
conditions of EF in this study were the same for each experimental replicate within a
treetment group, it was assumed that all reproductive parameters would be constant.
Given this, the declining preovipoeition period for EF of successive drop periods in all
treatments (Fig. 19) in this study' was completely unexpected and has not beer) reported .

-previously. The change in preoviposition period was not related to EF weight or
incubation conditions. -

One possible explanation for this obseryatnon is that, because the EF were
collected from moose housed outdoors they were exposed to a certain photophase for a
short period prior to collectlon Thus. a photoperlod induced, biological rhythm is

J

proposed for regulation of the onset of Q\/Jpos‘tlon " The initial startlng point of this
// i

xpetiented by the EF at the time of drop off. In

rhythm is speculated as the photopha e\s
- A '\

the absence of further phofoperlodlf: gu initial cuemg mechannsm seems to exert a

greater mfluence than temperatuf on the on et of oviposition; although temperature may
L \‘;- \\«—
regulate the preov:po\imonal maturéilon process of the reproductive tract of EF." The

\
closer the photoperm&sexperlenced by the EF is to the critical photophase that stlmulates

\ /
the initiation of ovnposmon the faster the clock mechanism moves (Table 14). The
interactions between photoperiod and temperature as a possible cueing mechanism cannot
be overlooked, but the interactive mechanism is unknown. There is a need for similar

studies to be conducted on both winter ticks and other tick species to determine is this
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Table 14. Relationship between daylength at date of collection and the
preoviposition pegiod of engorged female Dermacentor albipictus
under constant 25 C, 1982.

Date out n Day Lengtha ‘ Preoviposition period (Days\i 1 SD) ‘
March 17 3 11 br 56 min 9.0 + 3.5 -

March 27 20 12 hr 39 min . 11.0 + 3.0

April 11 15 13 hr 42 min 8.3+ 1.7 ’
April 24 23 . 14 hr 36 min | 7.7+ 2.9

May 8 13 ¢ 15 hr 29 min © 6.4+ 2.9

\May .22 10 16 hr 15 min - 4.0 + 1.7

ﬁne 5 16 hr 48 min

Time from sunup/to sundown.



declining preoviposition period is characteristic of ticks in general or is restricted to

. Species in northern latitudes.

Incubation period _
The incubation p“erio_d of D. albipictus is inversely related to temperature under
constant conditions (Table 13). A similar relationship has been shown for many other tick

species (Czapska, 1967; Sweatman, 1967; Bennett, 1974 Campbell and G!ines, 1879;

\Campbell and Harri;, 1979; Koch and Dunn, 1980; and others). Temperature appears to

affect the metabolic rate of the developing larvae and increases the velotity of
development with increasing temperatures until an upper critical limit is reached. Because
temperature was constant between replicates within a treatment group, no change

occurred in the incubation period of EF in successive drop periods within treatment

* groups studied suggesting that incubation is a temperture dependent parameter.

Other parameters

In all experimental treatments in the laboratory, the total number of eggs produced
was significanyly posmvley correlated with EF weight. This relationship has been -
established in numerous other studies on tick reproduction (Snow and Arthur, 1966;
Sweatman 1967; Sonenshine and Tigner, 1969 Drummond et al. 1969a, 1969b; 197 1;
Koch and Dunn, 1980; Davey etal. 1980a and 1980b; Koch, 1982; and others).

The REI calculated in Table 13 may be an underestlmatlon of the reproductlve
efficiency found in some studies because it was calculated using average EF weight and
average number of eggs per EF from literature sources. However, it serves as a useful
comparision between reproductive studies under a wide range of experimental cohditions.

There may be a difference in REI between EF from different parts of the range of winter

' ticks, however, more work at dif ferent temperatures in the southern part of the range of

D. albipictus is needed to clarify this relationship.

Cold stress conditions ’

l

’ Variots temperature regimens were utilized in an attempt to explam some of the
dafferences between the results of the experiments at constant temperatures and field
conditions in the present study. Although these experiments were not designed to
simulate field conditions;, the temperature regimens were chosen to approximate a

temperature or temperature range that EF would be exposed to under field conditions in

@
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central Alberta. As far as can be determilned little work of this nature has been done on
other spec;es of ticks and it is suggested that further study is needed to determine |f
these findings are important to the reproductive success of ticks.
Altheugh most reproductive parameters were reasonably similar for most -

experimental replicates within each treatment group, the oreoviposition period declined .
' o

with successive replicates in all treatments as was shown for the constant temperature

and field condition treatment groups (Fig. 18 and Tables 5 and 6). The declining

preovnpos»tlon period was assumed to be due to the photoperiod to which the EF was
exposed prlor to collection as explalned earller The effect of photoperiod on the
preovuposmon period of EF stressed at field condmons in EINP cannot be overlooked as a
partial explanation for the shorter preovzposmon period observed.

| Unlike the preov?position period, the length of the incubation period did not change
when EF D. a/b/p/’ctus werecold stressed indicating either that ovarian development and
maturatlon can occur at sub- optlmal témperatures for oviposition or that development and
maturatlon of eggs at constant 25°C is not affected by prior cold stress tlo the EF. lf the
lower limit of development and reproduction is around 15°C, the metabolic rate of EF at
temperatures of 10°C or less is probably too low to allow growth and development of
body or_gans so the latter explanation is more likely. |
/ The most startling finding in this part of the study was that cold stress of' EF
followed by incubation at cohstant 25°C increased the reproductive potential by‘somehow‘
increasing the,effjciency of egg production and allowing more eggs and more eggs per
gram EF to be produ,ce'd. The mechanism that allows the increased efficiency is unknown,
but is thought to be due. to some physiological change that alters or reroutes energy
allocation of various body orooesses, or a lowered energy of malntenance due to the cold

stress. The cold'stress also increased the survival potential of larvae, although the -

mechanism by which this occurs is also unknown. " Little information is available on

increasing reoroductive output or efficiency of arthropods in response to cold stress.

Fluctuating conditions

£

Survival and reproduction of EF D. a/bi pictus under fluctuating conditions was less
than that found at constant 25°C, implying, that these temperature reéimens were

sub-optimal. Reproductive parameters of EF under fluctuating coenditions were most

-
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similar to those under field conditions and may have been limited by the experimental
conditions and equipment malfunctions that resulted in very low relative humidity at times
~- \,\in three of the five fluctuating treatment groups.

' The production of eggs by EF subjected to fluctuating conditions was not
sdrbrising based on the successful reproduction under similar fluctuating conditions in
EINP. Although only a small percent of the eggs laid actually hatched, the fact that the
eggs could develop when repeatedly subjected to freezing temperatures, wes surbrisi\ng.
The eggs must contain a cryoprotectant that is either produced by the reproductive tract
of the EF or by the developing Iarvae: )

The long periods of preoviposition and incubation under fluctuating conditions in
the laboratory support the 'short burst view of.egg production and development seen
under field conditions. This could explain the doubling in time required for reproduction in
the long cold, short warm treatments over the reverse treatments (Table 8). The small -

" sample size of successful EF did not allow a more detailed comparison ' “tween treatment
groups.

0. The fact that total production.and REI were similar for EF under fluctuating
conditions and at coestant 25°C suggests that the fluctuating temperature regimens in this
- étudy were not detrimental to the maturation and dévelopment of the EF reproductive
tract. The continual interruption of egg laying did not seem to affect the efficiency of
reproduction. Similar results were obtained wuth EF A nitens incubated at 12 hours 27°C,
- 12 hours 16°C and a 12:12 photophase (Wright, 1969a). :

Fluctuating temperature can either retard, accelerate, or have no effect on
development of insect eggs (see review of Bursell, 1974). The differences can usually be
attribyted to differences in the point in‘the thermal developmental range about which the
fluctuation in temperature occurs. The thermal developmental range of iwinter ticke
appears to be from about 19°C to 30°C (Table 13). In the present study repeated
exposure to suboptxmal temperatures appeared to cause a retardation of development

Due to the complex interactions that occur when comparing the reproductive
timing and potential of EF under different treatment regimens, one is forced to conclude
that EF D. a/bipictus have wide tolerance limits of temperature and relative humidity for

successful reproduction. These experiments also point out that reproductive
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experiments carried out under constant conditions may lead ta erroneous conclusions
wh .. nplied to field situations. Further refinement of the periodicity of the temperature
flu~te uonis necessary before laboratory simulation of reproduction under field

conditions can be used in attempts to apply these findings to field situations.

D. Movements and activity of larval ticks

In the present study, eggs of D. a/bi pictus hatched from mid-August to late
September and larvae began ascending the vegetation about two weeks later (pers.
observ.). Most literature sources refer to ~ summer hatch and a delay in host seeking by
winter tick larvae until early autumn. This delay between hatching and ascension of
vegetation by larvae has been referred to as a resting period (Bishopp and Wood: 1913}
dormancy (Cameron and Fulton, 1926-27), an inactive state (Howeﬂ,, 1839), quiescence
(Drummond, 1967), and diapause (Wright, 1968b).

The definitions of these terms in the literature are unclear. Diapause usually refers
to a period of suspende'd or arrested development that is caused by a lack of or low
production of hormones necessary for growth and is not immediately referrabie to
prevailing environmental conditions (Wigglesworth, 1970, 1972: Belozerov, 1982;
Chapman, 1982). Diapause is commonly divided into three types depending on the |
induction and termination mechanism (Wigglesworth, 1970: Chapman, 1882; Saunders,
1982). Obligatory diapause (porapause) is genetically determined to occur at a particular
stage in the life cycle and is independent of environmental conditions. Facultative
didgpause (eudiapause) is a facultative cessation of development induced by one stimulus,
such as photoperiod, and terminated by another, such as chilling. Oligopause is a
facultative arrest of development induced and terminated by the same stimulus, usually
photoperiod.

Diapause is thought to be an adaptive phenomonen to synchronize development
with periods of favorable conditions (Belozerov, 1982: Chapman, 1982), and to allow
synchronizatio'n of’ ihe life histories of the sexes (Hemming, per comm). In ticks, it is
commonly expressed as either a behavioral ldiapause as in the delay of host seeking
behavior and/.or engorgefnent or a morphogenetic diapause as in a delay in

morphogenesis and/ or reproduction (Belozerov, 1982).
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Other terms that have even more ambiguous definitions are often used
interchangeably with diapause. Dormancy usually refers to activity with a low metabolic
state. Estivationrefers to dormancy during summer or a dry period while hibernation
refers to dormancy during the winter. Ouiescence is a state of inactivity,;dormancy, or
delayed development that is referable to immediate environmental conditions. [tis often
included as a form of diapause or dorma?wcy, but has not been shown to be due to the lack
of a growth hormone (Wigglesworth, 1972; Chapman, 1982 Saunders, 1982). Due to

/fﬁe_:;nbuguous definitions of these terms and the incomplete knowledge of the nature of
arthropod inactivity, these terms should be used only with great caution.

The period of inactivity of larval winter ticks from hatching Yo ascension of

" vegetation in autumn should probably be referred to as quiescence as it has not been
shown to be due to the lack of a growth hormone, and appears related to local weather
factors. The possibility of a genetically determined .ia, o .2 must not be excluded. The
quescent period of larvae under field conditions aries 2 2at / with geographical location:
four to seven months in California (Howell, 1939}, four to five months in Oklahoma
(Patrick and Hair, 1975), three to six months in Texas (Bishopp and Wood, 1913), two to
three months in Brifish Columbia (Wilkinson, 1967), and about two weeks in Alberta
(present study). )

The activation of winter tick larvae after the quiescent period has been attributed
to the advent of frost in autumn (Cowan, 1946}, a complex interaction between
photoperiod and above freezing soil temperatures (Wiikinson-, 1867), and photoperiod
alone (Wright, 1969b and 1971). Wright (1969c¢) was able to terminate ‘diapause” in
larval D. a/bi pictus by immersing them in an analog of molting hormone or
alpha-ecdysone. However, a specific incident or change in temperature or relative
humidity common to both years in this study that might initiate larval activity was not
apparent, although a day to day comparison of weather and larval activity was not
possible. A response to photoperiod seems to be the most plausible explanation for the
constancy in the ini.tiation of larval activity (early September) in both yearrs of this study.
Wright (1969b and 197 1) induced diapause of larval winter ticks by long photophases and

cessation of diapause by short photophases similar to what they would be exposed to

under field conditions in autumn. =
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Photoperiod may partially explain the similarities between the onset of larval
activity (September to early October) in Alberta (present study) and British Columbia
(Wilkinson, 1.967) which are in close geographic proximity. Depending on the
photoperiod during mid-November in Oklahoma, this hypothesis may also explain the
dif ferences in the ascension dates of larvae found by Patrick and Hair (1975) and the
present study. If photoperiod is an important cue for larval activation, the differences in
onset of larval activity may be due to differences in the 'message’ received by the larvae
(Holmes, per comm). The 'message’ could require immediate activation in the north
{Alberta) and set of‘f a timing mechanism to induce activation at a later date in the south
(Oklahoma). Further work is needed regarding the cause of the initiation of larval activity
under field.conditions, as well on the mechanism by which photoperiod might cue larval
activation.

Almost all larvae were in clumpé at the tips of the vegetation and, thus, were
available for transmission to moose continously from September to November except for
periods of cold tehwperatures. "Due to the overbrowsed condition of the vegetation in
EINP, most larval clumps were about one to one and a half m above the ground. This is.
probably an optimum height for host acquisition, being approximately chest high on a
moose or wapiti. Wilkinson et al. (1982) found larval D. albipictus in EINP, but did not
quantify distribution or height preference.

The reason larval ticks clumped on vegetation is unknown. It is aimost certainly an
active and/ or se]ective process because random choice of vegetation, especially of
individual brancheé 'on a single plant, would result in wide dispersal of larvae. The
clumping behavior displayed by larvae may be due to an aggregation substance, possibly a
phéromone (Sonenshine et al. 1982). | |

The clumping behavior méy have several adaptive advéntages inéluding pfotection
from desiccation and enhancement of host acquisition. The over dispersed or clumped -
dlstrlbutlon of larvae may ensure that as a host passed by, more larvae would be able to
attach. While the probability of a moose encountering a clump of la(vae may be low, once *
a clump is touched, a large number of larvae could attach at one time.A}\lf ‘ticky' mrose use
similar areas regularly throughout the year, especially in late winter and\agtum

probability of encountering larval clumps in these areas in autumn would ﬁe inc.
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Therefore, having larval clumps at optimum heights in optimal locations for transmissipn
should enhance host acquisition.

Other studies with ticks and other ectoparasites have shown that paras}tes
concentrate either - or off the host presumably to facilitate host transfer or host
acquisition. Parish (1849} found large concentrations of Otobius megnini around cattle
salt troughs in Texas, but the concentrations may have been due to the large amount of
time spent by cattle at the troughs rather than to directed movements by ticks. Gregson
(1951) reported concentrations of D. andersoni along the edges of game trails in spring.
Large concentrations of clumps of B. microplus larvae occur in bedding sntes of cattle
{(Wilkinson, 1953 and 1961). Fleas (Spilopsy!lus cunicul i) congregate on fhe head of
pregnant rabbits and transfer to the young when the female cleans them after birth
(Rothschild, 1965). Samuel and Trainer (197 1) reported a higher concentration of lice in

the _groiﬁ area of white-tailed deer during autumn, presumably to facilitate transfer during
breeding. '

The observation that larval D. a/bipictus do not exhibit a diurnal, vertical migration
presents an apparent paradox between success of transmission and desiccation, which is
difficult to explain. Aithough many tick species exhibit clumping behavior to facilitate host
acquisition (Parish, 1949; Gregson, 195 1; Lees and Milne, 1951; Wilkinson, 1953, 196 1),
some reports indicate a diurnal migration of ticks to replenish body water lost while
exposed to dry air at the tips of the vegetation (Lees and Milne, 195 1; Camin and Drenner,
1978; Yosida, 1973; Knulle and Rudolph, 1982). '

Almost all ticks have some water conserving adaptations, but the extent of
development and utilization of these adaptations is dependent on climatic factors in the
h‘%’itat in which the tick existg (see review of Knulle and Rudolph, 1982). Most tick’
species can survive desiccation for various lengths ‘of time, although intensive research
into water balance mechanisms is relatively recent. It is known that unfed ticks have three
major means of regaining body water: migration to the soil duff; uptake of water Vapor
from the atmosphere; and imbibation of water from dew or rain droplets. It seems that
the lack of a diurnal, vertical migration by larval winter ticks may be due to a highly
developed water conservation mechanisms, and although speculative, a well developed

ability to extract water from the atmosphere when relative humidity levels peak during the
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night. Further work is needed to determine the mechanism by which this occurs and to aid
in the solution of this question.

Unlike some studies of ticks (McColluch and Lewis, 1968: Lewis, 1970; Rechav,
1879), horizontal dispersal of larvae in the present study appeared'minimal. Most larvae
seemed to ascend vegetation in the immediate vicinity of the hatching site and the
distribution of larvae was assumed to be directly dependent on the distribution of EF.
Similar findings have been reported by Lees and Milne (195 1) for /. ricinus and Bishopp
and Hixson (1936) for 4. macu/atum.

There have been few studies of the relationship between ambient temperature and
larval tick activity under field.conditions. Most poikilothermic animals tend to slow their
metabolic rate when temperatures decrease, thus either slowing or stopping movement
(Schmidt-Nielsen, 1970). If this principle is applicable to larval winter ticks, the gradual
decline in larval numbers flagged in autumn around moose carcasses {Fig. 9) may' be
explained by the general decline in daily tempe~ratures that occurred during the same time
period. The abrupt decline in mid-November from temperatures averaging over O-°C to
temperatures averaging below 0°C (Appendix 2) appears to have a cause/effect
relationship to the marked decline in larval numbers flagged around carcasses in both
1981 and 1982 (Fig. 9).

The minor increases and decreases in the nhumbers of larvae flagged around
carcasses in both years (Fig. 9) appears related to'ambient temperature on the day of
‘sampling. On days of low numbers of larvae flagged, temperatures were either declining
or near the low point of a cold period, while high numbers of larvae flagged usually
occufred when temperatures were increasing or near the high point of a warm period
(Appendix 2.and Fig. 9).

The lack of a definite peak in larval numbers at carcasses in early October, 1982
(Fig. 9) may have also been due to weather conditions. A freezing rain fell on 29 and 30
September and 4 and 5 October, 1982. Minimum temperatures during and immediately
after these days dropped to below O°C:and froze many of the larvae to the vegetation
they had.ascended. These larvae were unavailable to the flagging technique and the peak

in numbers could easily have been missed.



104

D. albipictus probably has only one generatiqn legg to EF) per year throughout its
range. Two important observations in this study support this conclusion: no viable larvae
were found on any carcass sites by f;fagging in spring, and, experimental and free-ranging
moose were free of ticks from early June to late August (Samuel, unpub; Glines, 1983:
pers. observ.). This is in agreement with other studies on D. albipictus in Oklahoma
(Patrick and Hair, 1975), British Columbia (Wilkinson, (1967), and Texas {Bishopp and
Wood, 1913; Drummond, 1867), but not in California (Howell, 1939).

Howell (1939) found three distinct peaks of larval activity on horses in California
which he associated with two generations of ticks per year. He believed thé second peak
was aresult of exper.'imental animals being given access to previously undisturbed
pastures and picking up quiescent larvae from the first generation in September. He
concluded that the third peak (January) was due to acquisition of larvae that hétched from
eggs laid by EF dropped from the initial infestation in September. Unfortunately, the
experimental work to support this hypothesis was done under unspecified conditions and
does not appear sufficiént to justify the conclusion of two generations per year without
supporting data from seasonal larval collections in the field.

Flagging techniques are commonly used to estimate tick populations (Wilkinson,
1961 ,'1967; Semtner et al. 197 1b; Campbell and Harris, 1979:; Kgoroba, 1979; Barnard,
1981). Flagging may be less effective than CoO, traps for determining populations of
non-adultinstars in areas of dense vegetation (see Wilson et al. 1972 and Semtner and
Hair, 1975 for explanation), but may be the most effective technique for estimating
numbers of ticks available to host animals in local areas‘. The numbers of larvae flagged~at
each carcass in autumn was probably related to the date each moose died. The prevailing
weather conditions at the time of death would determine the subsequent survival rate‘of
EF present. Date of death would also influence the numbers of E‘F per moose; rﬁore being
present in April and May than any other time. The impdrtange of carcass sites to the
transmission of winter ticks remains to be investigated.

Preliminary r‘esults suggest a potential relationship between numbers of larvae
flagged in autumn along trails and tick Ibads per moose collected the following winter.
Tick infestations, as determined by hide digestion for 1981-82, averaged S|ght|y over

80.000 per moose, the highest found snnce tick monitoring in EINP began in 1978
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(Samuel, unpub). In 1981, the mean number of larvae flagged per 20 m trail for the entire
sampling period was 43. Assuming constant distribution of larval clumps along game
trails, a moose would have had to travel 37.2 km in the three months of larval activity to
acquire 80,000 ticks. This distance is easily within the Iimg"»tvs"of daily moose movements in
autumn (Edwards and Ritcey, 1956; Knowlton, 1960; Va.n Ballenberghe and Peek, 1971).

In 1982-83, tick infestations per moose averaged about 25,000 (Samuel, unpub)
and the mean number of larvae flagged per 20 m of trail in the same areas in' 1982 was
0.2. Again, assuming constant distribution of larval clumps, a moose would have had to
trével 25,000 km to acquire 25,000 ticks. This figure is greatly exaggerated due to the
very poor results obtained by trail flaggiﬁg in 1982 and is unrealistic, but the trend is
obvious. Itis not known whether the poor flagging results in 1982 were due to changes
in moose movements in response to flagging activity along the trails the previous autumn;
to extended movements by moose away from these areas during the severe winter of
1981-82; or to low survival of EF in spring, 1982.

Given that moose move an average of slightly over 1 km per day for moose in
autumn (Edwards and Ritcey, 1956; Knowlton, 1960: Van Ballenberghe and Peek, 197 1),
and the long period of larval activity in the present study, it seems reasonable to assume
that a s*hort exposure period for moose is unlikely. The continual acquisition of larvae for
- two to three months ddring larval activity is more realistic. Although peak exposure
appears to be early October. the length of the exposure period appears dependent on
temperature declines in autumn. Early frosts and snowfalls act to shorten the exposure
period by decreasing activity and increasing mortality of larvae, thus possibly reducmg
numbers of larvae to which moose would be exposed.

The peak of larval activity in early October corresponds very well with the peak of
the moose rutting season (defined as the period of activity and seeking of mates just prior
to or during the breeding season) which usually extends from mid~Septembe|; to
mid-October (Peterson, 1855; Dodds, 1958; Lént, 1874). Male moose tend to travel
farther than females during the rut (Phillips etal. 1973; Rouésel etal. 1975)andas a -
probable result, average twice as many ticks per individual as females (X=45,341 and
21,120, n=18 and 24 for males and females, respectively)Samuel, unpub). Calves

average 44,8889 ticks per individual (n=29)(Samuel, unpub). possibly due to either
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displacement from the cow during the rut and subsequent wandering and increased daily
movements, or to a weak immune response to the ticks. This association may be
coincidental, but Nelson et al. {1975) confirm that. for unresolved reason(s), males of
many host species carry a larger population of-ectoparasites than females.

P;labitat 'preference and temporal separation of the rut of the major ungulate hosts
of the winter tick may.explain why larvae seem to be attuned to moose. Wapiti tend to
prefer open, grassy areas and rut in garly \September (Murie, 1979; Wishart, 1981; pers.
observ.), before the major period of larval activity. White-tailed deer are sympatric with
moose over much of their range, but rut in late November, after the major period of larval
activity. Limited daily movements by wapiti and deer in early October through areas
heavily used by moose in Iete winter may explain the lower numbers of ticks (Samuel,
unpub.) found on these two ungulates. Larvae may also have some mechanism for

distinguishing between host species and may select moose over other Ungulates.

E. Experimental infestations of captive moose

Moose calves ekperimentally infested with 30,000 D. albipictus in this study
apparently tolerared the infestation fairly well. They did spend a good proportion of their
time grooming (Samuel, unpub; pers. observ.), and as a.result, removed much of their
winter hair coat prematurely. Specific differences in hair loss, tick movements, and tick
density between mass- and trickle-infested moose calves will be discussed elsewhere, but
general comments on the results of these infestations are applicable to the trénsmission
of D. albipictus in Alberta."

Aithough anorexic affects and weight loss due to tick infes'rations of cattle have
been reported (O'Kelly and Seifert, 1969; Seebeck et al. 197 1; Williams et al. 1978;
Corrier et al. 1979), the specific cause of the anorexia hes not been established.
Anorexia and weight loss due to ticks were not observed in moose calves in the present
study. The declinirmg wei‘ght changed per week and weight gair;s per kg of food consumed
towards the end of the experiment (Fig. 13) were attrlbuted‘To a normal growth pattern,
not to the presence of ticks. However, occassional declines in weight due to feed |
changes, pneumonia (MO 68), and other health problems (MO 48,50,55, and 60) were

observed
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Most ungulates exhibit seasonal differences in food consumption, usually showing
a marked drop in consumption during late fall and winter and increas’ed intakes in spring
and summer (Fowler et al. 1967, Ozoga and Verme, 1970; Verme, 1970; Moen, 1973
and 1978). Further study of the health status and food intake of free-ranging moose is.
needed to determine if winter ticks produce an anorexic affect greater than the normal
seasonal variation.

The exposure of calves to lérvae over a long period of time (trickle-infested)
resulted in a longer duration of larval and engorged larval instars when combared to calves
with a short exposure period (mass-infested) (Fig. 14). Synchrony of tick, development
from engorged nymphs to EF on both infestation groups resulted from the long period of
nymphal inactivity. The timing of tick development on trickle-infested moose is closer to
the timing of tick development observed on free-rénging moose (Samuel and Barker,
1979; Glines, 1983).

The pattern of development observed appears consistent in most cf the northern '
parts of the range of D. a/bipictus (Cameron and Fulton, 1926-27; Fenstermacher and
Jellison, 1833; Lamson, 194 1; Cowan, 1946; Addison et al.-1979; Samuel! and Barker,
1979; Glines, 1983). In contrast, there is apparently no period of hymphal inactivity of
winter ticks in the southern part of its range. There, D. a/bipictus can complete the
parasitic phase of its life cycle in as little as 2 1 days (Drummond et al. 1969a), 30 days
. (Ernst and Gladney, 1975), and 30-33 days (Howell, 1939) on cattle housed under
constant laboratory conditions.

Using the definitions discussed earlier (p. 99), the period of nymphal inactivity in
the northern part of the range of D. a/b/p/ctus is probably a form of behavioral dlapause
It may be genetlcally determined to occur at the nymphal stage, but appears to be
terminated by a photoperiodic cue. The diapause of nymphal winter ticks probably acts to
synchronize the development of EF with more favorable condi'tions for reproduction in
sprmg as well as synchronizing the timing of appearance of males and females. Other
nor\thern one- host {Hyalomma scupense) and winter season ticks (D. pictus) undergo a
seasonalduapause while on the host for similar reasons (Belozerov, 1982).

High tick loads have been associated with hair loss on moose in Alberta (Samuel

and Barker, 1979). All infested, captive moose in this study and those of Glines (1983)



lost at least some of their winter hair prematurely, a finding that supports the proposal of
Samuel and Barker {1879) that ticks are respotsible for trme p?nemature loss of winter ha"i;
, (
on free-ranging moose in central Alberta. \\ \\\/ pd
Despite the two different infestation techniques used |n th:s study, hair loss
patterns on calves did not differ greatly although mass-infested éalves began grooming ,
on the thigh(Fig. 18)." The trickle-infestation technique was assyimed to be a more.natural
technique and the initial grooming and hair loss along the thigh of\mass-:nfested calves was
attributed to a response to the presence of ticks in a 'abnormal’ Iecation early in the
course of the infestation. There was no apparent relationship between tick density and
areas groomed by experimental moose. Hair loss generally started on the side and was
attributed to accessibility in response to a generalized irratation. Areas of ti
concentration may represent areas of ineffectual groeming attempts by moose or
aggregatlon at preferred developmental sites rather than accelerated development. Slnce _
extensive premature loss of wmter hair has not been reported on other hosts mfested
with ticks, there is probably nothing comparable in the literature, although Riek {1956) and
Corrier et al. (1979) report hair loss on cattle after infestation with 8. microp/us.
The decline in weight of EF D. a/bipictus during the per‘“iod of EF drop-off
suggests that either engorged nymphs that molt late produce smaller aduit females or,
possibly, that moose mount some form of immunologicel response to limit either the
amount of blood ingested or the feed'ing time of females. The immunological response
| may be expressed as grooming because highe‘r frequencies and longer duration of
grooming bouts tend to occur in late winter when remales are engorging {Samuel, unpub;
pers. observ.). The grooming may interrupt feeding by or dislodge EF before
engorgement is complete resulting in lower weights of EF. Similar declines in weight of
EF 8. microp/us over time have been reported (Reik, 1962; Bennett, 1969), and have been
attributed to groeming and resistance:-in cattle. |
Because total ;aroduction is directly related to EF weight, the decline in EF weight
over time probably causes a reduction in reproductive potential. This weight change COU:id
be very important in the epizootiology of winter tick infestations on moese due to the
¢

decreasmg number of eggs laid by lighter EF dropped near the end of the infestation.

Further study of the relationship between EF weight, time of drop-off, and productivity
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are needed to clarify the importance of these factors to the transmission of D. albipictus.

The reason(s) why a low proportion of the larvae'were recovered as EF in this

- study (x=1.5%) are not known, but other workers have reported similar findings (Hunter

: \
and Hooker, - 1907; Gladney et 8. 1973). The extensive grooming (i.e.; chewing, licking,
scratching, and rubbing) done by moose in response to ticks would certainly dislodge
many ticks. Sensitivity, equated as the intensity of the grooming response, did not result

in differences in numbers of EF dropped per moose in this study. ‘Sensitive’ moose

_groomed earlier and removed more hair during the primary' infestation than less sensitive
‘moose but total numbers of EF'recovered were similar between all moose. The large

’ number of EF recovered from MO 55 in 1982 may have been due to\ an acetabular

abnormallty which inhibited some grooming behaviors. She was also receiving daily
treatments of pain killers (Phenylbutazone, Phenylbutazone, Agri-Vet Pharmaceuticals, Ltd,
Western, Ontario) for most of the winter, which may have affected her sensitivity to the .
ticks. '

All experimental moose were housed outdoors and the pens, hence, the EF, could
have been accessible to small rodents and birds, both 6f which prey upon EF as they drop
(Wilkinson, 1970; Short and Norval, 1982). However, mice were uncommon in.the barn
during this study (pers. observ.) and'nf)ne were encountered when examining the straw
bedding for EF and birds large enough to brey on EF were only rarely seen in or around the
pens. Italso seems improbable the mice could have consumed -eno‘ugh EF to account for |
the very low variability in the numbers of EF recovered between infestation techniques or
between years of this study. ‘ Although predation of EF could have occurred, it was felt '
that the almost aII EF in the pens were recovered and that precf;tlon by/'mce and birds was
insignificant in t/has study.

Other e'xplanation‘s for low recovery rates of EF ticks have been proposed.

Hunter and Hooker (1907\) and Gladney et al. (1973) concluded that the numbers of EF 5.

~miicroplus recovered from cattle was dependent on the nutritional quality ‘of the ration

with more ticks recovered from cattle on poor quality rations. Numbers of EF 5.
microplus on cattle restrained from grooming were higher than on;unrestrained cattle
(Snowball, 1956; Reik, 1962). Bennett (1969) found that the numbers of EF 8. microplus

recovered was dependent on the resistance status of the host. Susceptible animals

N - o

— —
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yielded more than 10% of the applied larvae as EF, while moderately and highly resistant
animals yielded 2~5% and less than 1%, respectively. Because moose in thls study were on
a high nutritional plane and there was low variability in numbers of EF recovered per
moose, it is speculated that a behavioral respaonse (i.e., grooming) limited the number of EF
that dropped from moose and that moose accidentally ingested many ticks during
grooming bouts. . o

The seasonality of the drop-off period of EF has not been studied ehxtensively

although drOp off rythms of EF ticks in 1 response to photoperlod (George, 197 ]) and

.other factors have been examined (Hadini and Rechav, 1969; Wharton and Utech, 1970).

Patrick and Hair (1977) proposed that the engorgement behavior of A. americanum was a
photoperiodic response. In the present study, EF D. a/bipictus dropped from captive
moose from late Feburary to m'id-May with the peak of drop-off in late March. The
synchrony of peak drop-off-between animals and years indicates that the seasonal pattern
of EF drop- off especially the peak, may be influenced by photoperlod supportmg the
ideas of Patrlck and Hair (1977)

Ecological and biological rhythms occur in the activities of instars of many species
of ticks including some aspects of host finding, feeding, morphogenesi"s, detachment, and
egg laying (Belozerov, 1982).¢Seasonal rhythms are critical to synchronize tick activity '
with favorable environmental conditions and may be caused by photoperiod. Diapause, in
its many forms, may be utilized to ensure that development occurs during the appropriate
season of the year. ‘

In addition to possibly cueing EF drop-off, photoperiod is possibly strongly
influential in the onset of many activities in the life cycle of winter ticks including
oviposition, larval activity, and nymphal feeding. One adaptive advantage of a
photoperiodic cue for these activities is the constar;i:y of the cue which could synchronize
development with the most favorable environmental condmons on a fong term basns |

Re ont studies on the seasonel activity of ticks have concluded that many factors.
rr;ay be involved in regulating tick activity {Gregson, 1951; Sonenshine et al. 1966 Eads
and Smith, 1983). These authors generally agree that the activity period of ticks'is tightly
confrolled to occur only at specific times of the year despite large variations in annual

weather conditions. | speculate that this ‘rigid programming’ is related to photoperiod.



L‘(

F. Epizootiology of winter ticks and management implications for moose

Most ofl the problem areas v_yith Dermacentor albi pictus in Alber'ta lie in the aspen
parkland ecotone between the prairie and boreal forest biomes (Samuel. unpub). This
ecotone is characterized by large expanses of bogs intermingled with areas of aspen
forest and grassland and provides excellent habitat for moose, and apparently, for winter
ticks. This ecotone extends northv;/est into British Columbia and east into Saskatchewan,
and tick problems on moose have been reported from both northeastern British Columbia

(Harper and others, per comm), and western Saskatchewan (Brewster, per comm) in

. recent years., -

There appears to be some factor'or combination of factors within the ecotone in
Alberta that either initiates tick outbreaks or predisposes moose n the area to Iarge
numbers of ticks. Interactions between high moose populations and fzvorable spring and
summer weather for tick reproduction are probably the underlying cause of the problems
seen in Alberte in recent years (see Samuel and Barker; 1979; Glines, 1982). A discussion
of the interactions of these factors, coupled with transmission models is provided in an

attempt to explain how the current tick outbreak occurred as well as some ¢ ¢ the

mangger(;ent impligations for both moose and ticks.
T / o b
The currgnt tick-related die-off of moose in EINP began in the wintar of 1976-77.
rd

Tick populatior:s per moose varied annually, but increased from 24,000 in 1977-78
(Samuel and Barker, 19789) to over 80,000 in 1981-82 {Samuel, unpub), and declined to
about 25,000 in 1982-83, suggesting the outbreak eompletee a full cycle during that
time. The decline in tick numbers in 1982-83 suggests that the outbreak of ticks may be
near its end. ‘

. Data on ungulate populations at EINP are often unreliable due to collection
teeﬁ;uques variable weather conditions during aerial surveys, and incomplete coverage of
the total park area. This problem is currently being assessed (Blyth, per comm), and only
general estimates and population trends will be used in this discussion.

Moose populations in EINP have always been high, although they have been subject

- to periodic fluctuations {Willman, per comm). Carrying capacmes for moose and wapiti

are estimated at 300-400 and 500- 600 respectively (Bl){th per. comm.). Because there

are no large carnivores in the park, periodic slaughters ang\emoval of moose and wapiti

'
SY
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are carried out by the warden staff to maintain animal numbkrs within the limits imposed by
\

the carrying capacity of the available habitat. ;

After the three slaughters from 1968-70, moose pépulations wergestimated at
400-500 in the early 1970's and reached a peak of at;u/t 700in 1977. Three slaughters
were conducted from 1977-80 to control the high moose population. Populations
dropped to approximately 100 aﬁimals following the severe winter of 1981-82 and
numbers are currently (1983) esti‘mated at 150-200.

The severe winter conditions of 1981-82 and malnutrition appear to be the major
" causes of the decline in the moose population seen in 1882-83. The influence of ticks in
this die-off cannot be excluded because snow depths {approximately 50 cm) were not
near critical depths for moose (approximately 100 cm, see review of Telfer, 19?0), and
tick numbers on moose found dead averaged 90,000 while numbers on moose shot as
part of monthly research collections averaged 43,000 (Samuel, unpub).

Wapiti experienced a similar population increase in the early 1870's, but
apparently suffered a major die-off in 1974 with numbers falling from 600 to 200-300
animals. Since 1976, wapiti numbers have increased markedly, but population levels have
remained around 500 due to an intensive trap and removal program each winter.

The rﬁqjor limiting factors on the population of winter ticks are probably date of
snow melt in spring, summer temperatures, date of first snowfall and associated cold
temperatures in au'tumn, and the numbers of avéilable hosts. _The date of snow melt
determines the numbers of EF that survive to lay eggs. while summer temperatures
determine the number of eggs that hatch, the timing of the hatch, and larval activity. The
average dates of snow melt and first snowfall are abproximately 20 April and 20 Octgber,
respectively (Table 11). Variations in these dates are probably tke most influential factors
in determining the infestation level of moose each winter.

Dates of snow melt and snowfall, combined with a high moose population, may
have been important in initiating the present tick outbreak. Dates of snow melt and first
snowfall were early and Ia_te, respectively, in both 1976 and'1977 (Table 11). Snow melt
in 1976 and 1977 was about 10-15 days early which would have enabled a larger number
of EF to survive and lay eggs. First snovkfall was about 30 days late in both years, which

would have allowed a longer exposure period in autumn and enabled more moose to
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acquire more ticks.

In at least two of the five years from 1978-1983, weather conditions in spring
and summer appeared to influence humbers of ticks per moose. Dates of snow malt and
Nfirst snowfall were fairly 'normal’ in 1978 and 1979 (Ta~e 11). but ~veather conditions in
1980 and 1981 allowed large increases in the tick populahon. Ir "380, snow mait
occurred about one yyg/ek early, while snow meltin 1981 occurred on 24 March, one
month before the 30 lyeér average of 20 April (Table 11). Because the {now cover was
gone before the peak of the EF drop-off in 1981, the numbers of EF tha\t}rvived and laid
eggs in spring and the numbers of larvae available to moose in autumn must have been very
large to account for averages of over 80,000 ticks per moose in 1981-82 (Samuel,
unpub).

In order to understand the influence of various factors in the epizootiology of D.

N

‘albipictus in EINP, transmission models were constructed using the basic concepts of

Leong (1975), Holmes et al. (1977), and Kralka (1983). Answers to the following
questions were sought: 1) Which host species contributes the greatest number of EF in
spring? 2) Which habitat type receives the greatest number of EF in spring? 3) Which host
species receives the largest proportion of the larvae in autumn? 4) Which habitat type
contributes the greatest number of larvae for transmission in autumn?

Parasite flow rates were not measured, but were derived from a statlc distribution
of host populations and reproductlve performance of D. a/b/pictus under field conditions
in EINP. Calculation of relative flow rates of ticks must consider a number of factors
therefore, calculations were organized in a 4x3 matrix of the four ungulate host species
and the three habitat types (see Appendix 9 for calculatlons) Cells for calculation of flow
rates of EF between hosts and habitats included host density, habitat usage by each host
species, the proportio'n of e'ach habitat type in EINP, the abundance of ticks on each host

species, and a constant factor for the proportion of EF that drop from each host species.

" Cells for calculations of flow rates o’f larvae between habitats and hosts included all the

above as well as EF survival rates, number of eggs produced per EF, and percent egg

hatch.

The assumptions used in the ca’éulations and the model are as follows:

1) Host populations are stable and at or near the carrying capacity for EINP and are
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estimated at 500 wapiti. 400 m<'>ose, 300 deer, and 600 bison.
2) Habitat usage by each host species is similar to Cairns (1976).
3) Succession is static and the relative proportions of each habitat tyge‘in EINP is
unchanged from Cairns (1876).
4) All hosts yield 1.5% of t‘heir tick population as EF. .
5) Reproductive parameters of EF from all host spécies are similar to moose-source EF
used in the present study.
6) All larvae that hatch become available for transmission in autumn.

Using these calculations and assumptions, moose contribute 7 1% of the EF

7 .

population in spring, while wapiti contribute 25% (Fig. 23). The contribution of EF from

deer and bison is negligible. Approximately 97% of all EF are dropped in the aspen

~ habitat. The habitat preferences of moose and wapiti (Cairns, 1976), as well as the

dominance of the aspen cover type in EINP (Cairns, 1976: per. obser.) are probably
responsible for the Iargé proportion of EF in this habitat type.

| Based on reproductive data from EF in the present study, all hosts receive
approximately the same relative proportion of the available larvae in autumn as the .
proportion of EF each contributes in spring (Fig. 23). Moose receive the largest
proportion (68%) of the larvae available in autumn. It is uncertain if ;his is due to an
attraction of larvae for moose or to the synchrony of host énd larval activity periods as
dischssed.previoszly. Eighty four percent of the available larvae are in the aspen habitat
(Fig. 23). If the assumptioﬁ of no differential reproduction of EF due to host sper:ies is
correct, moose-are the dominant host in regulating the total population or winter .ticks in
EINP. fhe aspen habitatbis the major site of transmission with more t+ - 75% of the
available larvae present in this habitat type.

:If moose populétioné are low (100 animals), .wépiti become the dominant host for
tick flow to and from the total tick populatuon in EINP (Fig. 24). The aspen habitat-would
continue to receive the majority of EF in sprmg and contribute the majority of larvae
available in autumn (Fig. 24), but the grassland would contribute a larger proportion of the

v

Further work is needed to determme the reproductlve performance of EF from

other host species under field conditions to verify these relative flow rates. Habitat usage



Figure 23.

A

Relative flow rates between ungulate hosts and habitat typés

.

in Elk Island National Park, Alberﬁa, assuming ﬁngulate

populations at carrying capacity. Solid arrows indicate

flow of engorged females in spring and open arrows indicate-

" flow_of larvae in autumn.
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Figure 24.

Relative flow rates between ungulate hosts and habitat types

in Elk Island National Pap?, Alberta, assuming low moose
populations and all otheruﬁngulate populations at cafrying
capacity. Solid arrows indicate flow of engorged females
in spring and open afrows indicate flow of larvae in

autumn.



118

DEER | MOOSE

»7R\\) 081 - 0. 35%/0 381

DERMACENTOR
ALBIPICTUS |
0.002//0.002 0.536\\3.563'
‘BISON . WAPITI
ASPEN " BOG
0. 964\\) 786 0. 005/%030
” DERMACENTOR
ALBIPICTUS

- 0.031‘ﬁo.192

GRASSLAND



119

by each host species in March-April and October-November is also needed to fine tune
and increase the accuracy of the flow rates between each host and habitat.

A predictive equation was derived for estimating the numbers of larvae available to
moose in EINP each year from 1978 to 1983. Three assumptions, in addition to those
made for the transmission models, were made for this equation:

1) Reproductive performance of EF in all habitat types was similar in all years to those
found in the present study (1982). ’
2) All animals infgsted in autumn survived and dropped EF the following spring.

3) All larvae that hatch are acquired by a host.

L=[{N}%EFNSND!)+(N)%EFNSD?)li#eggs / EF)%hatch)(P)U)

where: L = the total number of availa-bkle l.arvae in éutumn; N = the mean number of ticks
per host individual the previous winter; %EF = 0.015 (the mean percent yield of EF from
captive moose); D!, D? = the.proportion of EF that drop-qff before and after snowmelt,
respectively (Appendix 10); S!, S? = the mean survival of EF before and after snowmelt, .
respectively (0.12 and 0.60, 0.037 and 0.256, and 0.093 and 0.733 for the bog. aspen,
and grassland,respectivély); P = the proporiion of each habitat type in EINP (after Cairns,
1976)aspen forest + shrubland = 0.79, bog = 0.07, grassiand + shrub meadow = 0.14);
U = the relative usage of each habitat in EINP by each ungulate species (after Cairns,
19‘76)(aspen forest + shrubland, bog, and grassland + shrub meadow).

Equa}jogs for numbers of larvae in each habitat (L'=bog, L’=aspen, L3=grassiand,

L(t)=total) becdme:

L'=[(NX.015)(.1 2)(D‘)+(f§i)(.0 15)(.60)DU3227)1.51)(.07).06)
L2=HN)N.0 15)1.037)D")+(N).0 1 5)(.256)(D’)](30 1 3)(.23)(.79)(.85)
L3=((N)(.0 15)(.093)(D)+(N)I.0 15)(.77 3HDHN3 153)(.59)(.09). 14)

Lit)= L1+ L2 + L3
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~ By muitiplying L(t) by the number of moose in March-Apr€il (X) and dividing by the
number of moose in October-November (Y), a predicted infestation level per moose (2)
can be calculated: ) . |
Z = [LIUX)/(Y) _

Using these equations, data on moose populations in EINP (Biyth, unpub), and
average tick loads per moose from 1977 to 1983 (Samuel, un'pub‘), infestation levels
reasonably close to that found by digestions of hides from 'n'woose were obtained for
three of the five years (Table 15). In the first exception, numbers of ticks per moose
increased from 9679 in 1879-80 to 45,720 in 1980-81 (Samuel, unpub). Using the
1978-80 infestation level, estimated t‘ick loads per moose in 1980-81 were about 16%
that found by hide digestion (Table 15). The reasons for this discrepancy are unknO\;vn,
but one possible explanation is that only six hides were digested in 1979-80 V(GAIines,
1983) and the actual infestation level may have beeﬁ"underestimated. Weather condi”tions
in spring. 1980 should have resulted in a decrease in tick numbers per moose the

-following autumn. Snowmelt date in 1980 was normal, but early summer temperatures
were lower than average (Table 11). The low temperatures should have decreased the
number of degree hours over 15°C‘ and, thus, decreased the percent egg Hatch and, .
subsequently, the numbers of larvae available in autumn, 1980.

Predictions for 1983 greatly exceaded the average tick load from hide digestions
(Table 15). This predicti'on‘is probably high for a number of reaéons: time specific

' mortality.rates for moose in late winter 1981-82 are not known; many moose died before

dropping large numbers of EF (per\. observ.); and possible underestimation of tick nL;mbers
because only seven hides were digested. Further investigation on the‘ effects of annual
differences in summer temperatures and timé sbecific moose population data are needed
to verify the predictive value of these equations.

In an attempt to assimilate data from the present study i;wto a workable model, a
flow diagram emphasizing potential interactions between moose and ticks was devised.
The flow diagram (Fig. 25) is éssumed to operate on a host density dependent basis. If
moose are the prirhary host in natural cyc.l‘es of Wintér ticks, the cycle is proposed to
operate in figure-8 manner, oscillating between high moose populations with high tick

loads per moose and low moose populations with low tick loads per moose. The period
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Table 15. Comparison between infestation levels of Dermacentor albipictus
on moose as determined by hide digestion and predicted numbers
of ticks in Elk Island National Park, Alberta. :

Year No. of ¥ No. Tickg per . " Predicted No. Ticks per
Hides Moose ‘ Moose >
1977-78 28 . 23,240 e
1978-79  --~ — | | 23,268
1979-80 6 9,679 14,959
1980-81 21 45,720 “ 7,089
1981-82 10 80,664 82,476
1982-83 7 | 24,038 _ ' 74,990

a .
Data of Samuel (unpub). : /

bSée'text for details of calculations.-
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FigureIZS. A flow diagram of the interactions between moose, habitat,

4

and weather at Elk Island Nétional Park, Alberta.
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of time spent at the upper end is depeﬁdent on the length of time before a
malnutrition/tick-inducedjr‘nortality factor causes a major decline in the moose population.
A series of years with late springs and early autumns may cause a temporary decline in the
tick populatlon but unless host density decllnes no major reduction in tick numbers per
moose is foreseen.

The effect of a high'wapiti population on the suprapopulation of winter ticks is
unknown. Wapiti are more versatile feeders than moose and can browse or graze
depending on food availebility. These feeding patterns could affect movements .and
behavior of wapiti at critical times of the year for ticks. Therefore, interactions between
winter ticks and wapiti p~pulations may not undergo a similar flow pattern as in Fig. 25.

Due to the high population at EINP, wapiti are approaching total substitution for moose as -

the primary host in the population dynamics of the tick population. They will probably

continue to do so until moose populations build and acquire the majority of the tick
population again. The effect of a tick cycle dominated by wapiti on tick numbers
grooming, and subsequent hair-loss of moose is notnknown o "\\

! Because the life cycle of D. a/b/p/ctus appears strongly influenced by p{wotoperlod‘
and environmental conditions, there are- several wundows during which contro /effort j
could be made. Burning between show melt and spring green-up to kill EF prlor to
oviposition or in autumn between mid-September and early October to kill larvae may be
very effective in controlling numbers of ticks available to moose (see Appendix 11).

The other area of potential control,and managerﬁent for ticks is in the regulation of
potential host populatlons B. a/b/p/ctus seems to prefer moose over wapiti and deer as
evidenced by large differences in tick Ioads on these hosts (Samuel, unpub). Moose may
be the most |mportant host for tick population dynamlcsrm naturally occurring systems,
but on a population level, the contribution of each potential H-o\e\t‘sﬁec@ the total
number of ticks (Fig. 23 and 24) must be recognized. Therefore, the totalrpopulation of
each host species probably plays an important role in the dynamics of the tick population.
This is especidlly nmportant when considering the habltat preference of each host and the
overlapping usage of habitat types. Interspecific interactions, especially when

populations of all three major host species are high, may markedly affect the exposure

level of all ungulates in the park by exclusion or inclusion of particular species to certain

—
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areas or habitat typ‘es in the park..

| Host-stocking densities also play an important role in the acquisition rate of ticks
by hosts (Sutherst et al. 18977). With hlgher de\mes of potential hosts, the probability of
a host encountermg a clump of larvae is lncreased \The net effect is that a larger
proportion of the available larvae would be acquired by a host, increasing the overall
infestation levels. .

| Environmental conditions in summer, especially temperature probably determine

the numbers of larvae available for transmission. However. the number of larvae available
for transmission also depends on the rtumbers of EF that survive in sprlng and that in turn,
depends on the host stocking density the previous autumn and the date of snowmelt. In
this way an ever increasing spiral of host numbers and tick numbers could be achieved.
Be;a(:se most EF are dropped in the aspen habitat (Fig.23) and the aspen habitat provides
—the largest propor'uon of available habitat in EINP (Cairns, 1976), any change in the
characteristics in this habitat type (i.e., burning, logging, etc.) would have a great influence
on the tick population. v "

Wildlife managers can exert very little control over weather conditions, but the

complex relationship between weather conditions and tickspopulations should be included

in all management programs for moose in central Alberta.. A monitoring program for

~.__sdates of snow-malt, degree hour summations over 15°C from 1 June to 1 September, and

first snowfall should be instituted. If these measurements indicate a High reproductive
potential for ticks, tick reduction programs or moose reduction (hunting) programs should.
be instituted, if desired.

, All animal populations fluctuate both annually and over time. Annual increases in
populations o‘écur during the reproductive season, btJt the limits to population growth in
northern and temperate areas are usually imposed by food availability during winter (Keith
and Windberg, 1978; Gasaway et el. 1983). Over the long term, popylatidrts of ungulates
are assumed to be relatively stable, at least if they are in natural situations. The absence of

predators probably contributes more to the/over-population of ungulates than any other

factor. In order for populations of Dermqéentor albipictus to be maintained at 'natural’

§ ) P I
levels, populatioq%cg,f its primary host(s) must be controlled. Management of moose

populations by hunting would appear the most feasible approach to altering and controlling

]

9

o ——
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tick levels in central Alberta.



V. LITERATURE CITEN

ADDISON, E.M., F.J. JOHNSON, AND A. FYVIE. 1979. Dermacentor albipictus on
moose {A/ces alces} in Ontario. J. Wildl. Dis. 15:281-284.

----- . AND L.M. SMITH. 1981. Productivity of winter tick's (Defmacentor albipcitus)
collected from road-killed moose. Alces 17:136-146. ‘ A

ALBERTA ENVIRONMENT, 1979-1983. Climate of Alberta reports. Alberta Dept.
Environment.

ANDERSON, R.C. 1962. The helminth and arthropod parasites of the white-tailed deer
(Odocoileus virginianus): A general review. Trans. Royal Can. Institute 34:57-92.

----- . AND M.W. LANKESTER. 1874. Infectious and parasitic diseases and arthropod
pests of moose in North America. Nat. Can. 101:23-50.

ARTHUR, D.R. 1960. Ticks: A monograph of the Ixodidae. Part V. On the genera
Dermacentor, Anocentor, Losmoimma, Boophilus, and Margapropus. Cambridge
Univ. Press. 251 pp.

'BALASHOV, Y.S. 1972. Bloodsucking ticks (Ixodidae)- Vectors of diseases of man and
~ animals. Misc. Pub. Entomol. Soc. Am. 8:161-376. - .

BARNARD, D.R. 1981. 4Amb/yomma americanum: Comparison of population populations
of ticks freg-living on pasture and parasitic on cattle. Ann. Entomol. Soc. Am.
74:507-511. : , .

BECK, S.D. 1963. Physiology and ecology of,pho;toperiodi_sm. Bull. Entomol. Soc.
Am. 9:8-16. : o "

BELOZEROV, V.N. 1982. Diapause and biological rhythms in ticks /n OBENCHAIN, F.D.,
AND R. GALUM. (eds.) The physiology of ticks. Pergamon Press. Oxford, 509

Pp.

BENNETT, G.F. 1969. Boophilus microplus (Acarina:lxodidae)‘: Experiméntal infestations
of cattle restrained from grooming. Exp. Parasitol. 26:323-328. _

----- . 1874, Oviposition of Boophilus m/'crob/us' (Canestrini)(Acarina:Ixodidae). I'I.
Influence of temperature, humidity, and light. Acarologia 16:250-257.

BERG, W.E. 1975. Management implications of natural mortality of moose in
northwestern Minnesota. Trans. N. Am. Moose Conf. and Workshop
11:332-342. _ ' :

BISHOPP, F.C. AND H.P. WOOD. 1913. The bidlogy of some North American ticks of
the genus Dermacentor. Parasitology 6: 153- 1 87.

----- . AND H. HIXSON. 1936. Biology and economic importance of the Guif Coast tick.
J. Econ. Entomol. 29:1068-1076. 3 :

----- . AND H.L. TREMBLEY. 1945. Distribution and hosts of certain North American ticks.
J. Parasitol. 31:1-53. . : .

BROWN, J.H. AND G.M\.\ KOHLS. 1950. The ticks of Alberta with special reference to
distribution. Can. J. Res. 28:17-205. ' ) ;

BRUCE, E.A. 1927. Entomological notes of veterinary interest. Proc. Entomol. Soc.
British Columbia. 24:26-28. o

127



A ._ 128 °

BURGDORFER, W.,1870. World-wide research on human and animal diseases caused by
rickettsiae. Misc. Pub. Entomol. Soc. Am. 6:339-144. .

BURSELL, E. 1974. Environmental aspects-temperature. /7 ROCKSTEIN, M. (ed). The
physiology of Insecta. Vol. Il. Academy Press, NY. 568 pp.

CAIRNS, A.L. 1976. Distribution and food habits of moose, wapiti, deer, bisoh, and
snowshoe hares in Elk Island National Park, Alberta. M.Sc. Thesis, University fo
" Calgary. 169 pp. o ' ' ‘ '

CAMERON, A.E. AND J.S. FULTON. 1926-27. A local cutbreak of the winter or moose
tick, Dermacentor albipictus Packard (Ixodidae) in Saskatchewan. Bull. Entomol.
Res. 17:249-257. '

CAMIN, H.H. AND R.W. DRENNER. 1978. Climbing behavior and host-finding of larval
rabbit ticks (Haemaphysalis leporispalustris).” J. Parasitol. 64:905-909.

CAMPBELL, A. AND M.V. GLINES. 1979. Development, survival, and oviposition of the
rabbit tick, Heamaphysallis leporispalustris, (Packard) (Arcai:Ixodidae), at constant
temperatures. J. Parasitol. 65:777-782. :

9]

----- . AND D.L. HARRIS. 1979. Reproduction of the American dog tick, Dermacentor
: variabi/is, under laboratory and field conditions. Environ. Entomol. 8:734-739.

CHAPMAN, R.E. 1982. The insects: Structure and function. Hodder and Stoughton Pub. -
Co. London. 819 pp.- ‘ ,

COOLEY, R.A. 1938. The genera Dermacentor and Ontocentor (Ixodidae) in the United
States with studies in variation. Nat. Instit. Health Bull. #171. 90 pp. .

CORMACK, R.C.H. 1977. Wildflowers of Alberta. Hurtig Press, Edmonton. 415 pp.

CORRIER, D.E., O: VIZCAINQ, M. TERRY, A. BETANCOURT., K.L. KUTLER, C.A. -
LARSON, G. TREVINO, AND M. RISTIC. 1979. Mortality, weightloss, and anemia in
Bos tarus calves exposed to Boophilus microplus ticks in the tropics of Columbia.
Trop. ‘Animal Heaith Prod. 11:215-221. :

COTTAM, G. AND J.T. CURTIS. 1956. The use of distance measures in
Phytosociological sampling. Ecology 37:451-460.

~ COWAN, .M. 1946. Parasites, diseases, injuries, and anomalies,of the Columbian
black-tailed deer, Odocoileus hemionus hemionus {(Richardson), in British Columbia:
Can. J. Res. 24D:71-103. A -

----- - 1951. The diseases and parasites of big game mammals of western Canada. Proc.
" Ann. British Columbia Game Conf. 5:37-64.

CROWN, A.L. 1977. Soil sUrvey of Elk Island National Park. Alberta Instit. Pedol.
$=77-38. 128 pp. ' :

CZAPSKA, M. 1967. Development of eggs of the tick, /xodes ricinus L., depending on
temperature and relative humidity and the thermal preferendum and daily activity of
its larvae. Ecologia Polska. Ser. A. 15:577-606. :

- DAVEY, RB., J. GARZA, Jr., G.D. THOMPSON, AND R.O. DRUMMOND. 1980a.

Ovipositional biology of the southern cattle tick, Boophilus microplus

(Acari:Ixodidae) in the laboratory. J. Med. Entomol. 17:1 17-121.

----- . 1980b. Ovipositional biology of the cattle tick, Boophilus annulatus
(Acari:Ixodidae), in the laboratory. J. Med. Entomol. 17:287-288.

DIEHL, P.A., A. AESCHLIMAN, AND F.D. OBENCHAIN. 1982. Tick reproduction:



129

/

Oogenesis and oviposition. /n OBENCHAIN, F.D. AND R. GALUM. '(eds‘;.) The
physiology of ticks. Pergamon Press. Oxford. 509 Pp.

DODDS, D.G. 1958. Observations on ‘pre-rutting behavior in Newfoundland moose. J.
Mammal. 39:412-416. ' . ’

DRUMMOND, R.O. 1967. Seasonal activity of ticks (Acarina:Metastigrﬁata) on cattle in
southwestern Texas. Ann. Entomol. Soc. Am.60:439-447.

----- . T.M. WHETSTONE, S.E. ERNST, AND W.J. GLADNEY. 1969a. Biology and
colonization of the winter tick in the laboratory. J. Econ. Entomiol. 62:235-238.

---=-. 1968b. Labgratory study of Anocentor nitens (Neumann) (Acarina:ixodidae), the
tropical horse tick. J. Med. Entomol. 6:150-154. - '

----- . AND T.M. WHETSTONE. 1870. O;/iposition of the Gulf Coast tick. J. Econ.
Entomol. 63:1547-1551. '

----- , T.M. WHETSTONE, S.E. ERNST, AND W.J. GLADNEY. 1971. Oviposition of the
American dog tick (Acarina:Ixodidae). Ann. Entomol. Soc. Am. 64:1305-1309.

EADS, R.B. AND G.C.‘\ SMITH. 1983. Seasonal activity and Colorado Tick Fever virus
infection rates in Rocky Mountain wood ticks, Dermacentor andersoni ‘
(Acari:Ixodidae), in north-central Colorado, USA. J. Med. Entomol. 20:49-55.

EDWARDS, R.Y. ANDR.W. RITCEY. 1956. The migrations of a moose herd. J.
Mammal. 37:486-491. ‘ o

ERNST, S.E. AND W.J. GLADNEY. 1975. Dermacentor albipictus: Hybridization of the
-..two forms of the winter tick. Ann. Entomol. Soc. Am. 68:63-67. -

FENSTERMACHER, R. AND W L. JELLISON. 1933. Diys_eases affecting moose. Univ..
Minnesota Agric. Exp. Stat. Bull. #294. 20 PP. .

FOWLER, J.F., J.D. NEWSON, AND H.L. SHORT. 1967. -Seasonal variation in food
consumption and weight gain in male and female white-tailed deer. Proc. Ann.
Conf. SE Assoc. Game & Fish Comm. 21 :24-32.

FOX, D.J. AND K.E. GUIRE. 1876. Documentation for MIDAS. Statistical Res. Lab.
Univ. Michigan. 203 pp. : b : :

GASAWAY, W.C., R.0. STEPHENSON, J.L. DAVIS, R.E.K. SHEPHERD, AND O.E.
BURRIS. 1983. Interrelationships of wolves, prey, and man in interior Alaska.
Wildl. Monogr. #84. 50 pp.

GEORGE, J.E. 1971. Drop-off*rhgthms of engorged rabbit ticks, Heamaphyéa/is
/eporispalustris (Packard, 1896) (Acari:Ixodidae). J. Med. Entomol. 8:461-478.

'GLADNEY,-W.J.,.O.H. GRAHAM, J.L. TREVINO, AND S.E. ERNST. 1973. Boéph//us
annulatus: Effects of host nutrition on development of female ticks. J. Med.
Entomol. 10:123-130. -

GLINES, M.V. 1983. The winter tick, Dermacentor a/bip/ctds (Packard, -1869): Ité life
history, development at constant temperatures, and physiological effects on moose,
Alces alcesL. M.Sc. Thesis, University of Alberta. 143 pp. :

GREGSON, J.D. 1951. Notes on the spring activity of the Rocky Mountain wood tick,
Dermacentor andersoni Stiles (Acarina:Ixodidae). J. Entomol. Soc. British
Columbia 47:4-7. ,

----- . 1956. The ixodidae'qf Canada. Can, Dept. Agric. Pub. #930. 92 pp.



130

HADANI, A. AND Y. RECHAV. i969. Tick-host relationships. 1. The existence of a
circadian rhéthm of "drop-off” of engorged ticks from their hosts. Acta. Trop.
26:170-179. '

HARLE‘Y, K.L.S: 1966. Studies on the survival of the nonparasitic stages of the cattle tick
Boophilus microp/us in three dissimilar districts of northern Queensland. Austral.
J. Agric.. Res. 17:387-410.

HATTER, J. 1950. The moose of British Columbia. Ph.D. Thesis, State College of
Washington. 356 pp. : : :

HITCHCOCK, L.F. 1955. Studies on the non-parasitic stages of the cattle tick, Boophi/us
. microplus (CanestriniAcarina:Ixodidae). Austral. J. Zool. 3:295-311.

HIXSON, H. 1940. Field biology and environmental relationships of the Guif Coast tick in
southern Georgia. J’ Econ. Entomol. 33:179-189.

HOLMES, J.C., R.P. HOBBS, AND T.S. LEONG. 1977. Pdpulations in persgaective:
Community organization and regulation of parasite populations. /7 ESCH, G.W. (ed.)
Regulation of parasite populations. Academic Press, NY. 253 pp. .

HONESS, R.F. AND K.B. WINTER. 1956. Diseases of wildlife in Wyoming. Wyoming
Game & Fish Comm. Bull. #9. 297 pp. ’ A :

HOOKER, W.A. 1909. The geographical distribution of American ticks. J* Econ. .
Entomol. 2:403-428. :

" HOWELL, D.E. 1939. Dermacentor albipictus (Packard): !ts biology and relation to
‘ disease. Ph.D. Thesis, Univ. California Berkley. 88 pp. ‘

HUNTER, W.D. AND W.A. HOOKER. 1807. Information concerning the North American
fever tickl U.S. Dept. Agric. Bull. #72. 87 Pp. T

KEITH, L.A. AND L.A. WINDBERG. 1978. A demographic analysis of the snowshoe hare
. cycle. Wildl. Monogr. #58. 70 pp. .
\
KGOROBA, K.S. 1979. A study of the seasonal population dynamics of the ticks
Dermacentor variabilis (Say) and Haemaphysalis leporispalustris {Packard) in a
mar shland habitat. ‘M.Sc. Thesis, University of Manitoba. 166 pp.

KHALILI, G.M. 1874. The subgenus Perisargas (Ixodoidae:Argasidae:Argas) 19.
Preliminary studies on diapause in A.(P.) arboreus Kaiser., Hoogstraal, & Kohis. J.
°  Med. Entomol. 11:363- 66.\ :

KISTNER, T.P. 1969. A study to determine the role of white-tailed déer as reservoir
hosts of cattle fever ticks. M.Sc. Thesis, University of Georgia. 73 PP -

KNOWLTON, F;F. 1960. Food habits, movements, and populations of moose in the
Gravelly Mountains, Montana. J. Wildl. Manage. 24:162-170. " o

KNULLE, W. AND D. RUDOLPH. 1982. Humidity relationships and water balance of
ticks. /n OBENCHAIN, F.D. AND R. GALUM. (eds.) The physiology of ticks.
Pergamon Press. Oxford. 509 pp. ,

KOCH, H.G. 1982. Oviposition of the brown dog tick (Acari:Ixodidae) in the laboratory.
Ann. Entomol.. Soc. Am. 75:583-586. '

----- , AND J.C. DUNN. 1980. Oviposition, egg hatch, and larval survival of Lone Star
- ticks held at different temperatures and-humidities. SW Entomol. 5:163-174.

KRALKA, R.A. 1983. Development and transmission of Protostrongy/us boughtoni
(Nematoda:Metastrongyloidea), a lungworm of the snowshoe hare {Lepus



131

americanus). M.Sc. Thesis. University of Alberta. 210 pp.
LAMSON, A.L. 1941. Maine moose diseases. M.Sc. Thesis, University of Maine. 61 PpP.

LEES, A. 1955. The physiology of diapause in arthropods. Univ. Univ. Press,
Cambridge. 234 pp. )

----- , AND A. MILNE. 1950. The seasonal and diurnal activities of individual sheep ticks
(/xodes ricinus L.). Parasitology 41:189-208.

LENT, P.C. 1974. A review of the rutting behavior in moose. Nat. can. 101:307-323.

LEWIS, I.J. 1870. Observations on the disp,ersalvof larvae of the cattle tick, Boophilus
microplus (Canestrinil. Bull. Entomol. Res.59:595-604.

LEONG. R.T.S. 1975. Metazoan parasites of fishes of Cold Lake, Alberta: A community
analysis. Ph.D. Thesis, University of Alberta. 170 pp.

LOVE, B.I. 1955. Personal observations in the care and management of an elk (wapiti)
herd at Elk Island National Park, Alberta, Canada. Can. J. Comp. Med.
19:184-192, - ' .

-

LYNCH, G.M. 1973. Infiuence of hunting on an Alberta moose herd. Proc. N. Am.
Moose Conf. and Workshop 9:123-1 35. B

McCULLOCH, R.N. AND I.J. LEWIS. 1968. Eéological'studies of the cattle tick,
Boophilus microplus, in the North Coast district of New South Wales. Austral. J.
Agric. Res. 19:689-710. '

“MOEN, A.N. 1973. Wildlife ecology.~ W.H.  Freeman & Co. San Francisco. 458 pp.

----- . 1978. Seasonal changes in heart rates, activity, metabolism, and forage intake of
white-tailed deer. J. Wildl.. Manage. 42:715-738. :

“MOSS, E.H. 1955. Flora of Alberta. Univ. Toronto Press. Buffalo, Ontario. 546 pp.

" MURIE, 0.J. 1979. The elk of North America. T”eton Booksop, Jackson, Wyoming. 376
. PpP. ‘ '

NELSON, W.A., J.E. KEIRANS, J.F. BELL, AND C.M. CLIFFORD. 1975.
' Host-ectoparasite relationships. J. Med. Entomol. 12:143-166..

NEWCOMBE, L. 1977. Necombe's wildflower guide. Liﬁle, Brown, & Co. Boston. 490
Pp. ’ ' . :

O'KELLY, J.C. AND G.W. SEIFERT. 1969. Relationships between resistance to
Boophilus microp/us, nutritional status, and blood composition in
Shorthoranerford cattle. Austral. J. Biol. Sci. 22: 1497j1506.

OZAGA, J.L. ANDL.J. VERME. -1970. Winter feeding patterns of pénned white-tailed
deer. JWildl. Manage. 34:431-439. : ' -

" PARISH, H.E. 1949. Recent studies on the life history and habits of the ear tick. J.
Econ. Entomol. 42:416-419. : e

PARKS CANADA. 1976. Elk Island Natiohal Park information booklet. Parks Canada,
Waestern Region. 47 pp.

PATRICK, C.D. AND J.A. HAIR. 1975. » 'Ecéldgical observations on Dermacentor
a/bipictus (Packard) in gastern Oklahoma {Acarina:ixodidae). J. Med. Entomol.
12:393-394. : ,

&



132

----- . 1977. Seasonal abundance of Lone Star ticks on white-tailed deer. Environ.
Entomol. 6:262-269.

----- . 1978. Oviposition behavior and larval survival of the Lone Star tick, {Amblyomma
©americanum, (Acarina:lxodidae) in different habitats. Ann. Entomol. Soc. Am.
72:308-312. .

PETERSON, R.L. 1955. North Américan moose. Univ. Toronto Press. Toronto. 280
.y . 7

PHILLIPS, R.L., W.E. BERG, AND D.B. SINIFF. 1973. Moose movement patterns and
range use in northwestern Minnesota. J. Wildl. Manage. 37:266-278.

POLSTER, D.E. ANDL.E. WATSON 1979, Vegetation classification and evaluation, Elk
Island National Park. Techman LTD, Edmonton. 136 pp.

RAZUMOVA, |.V. 1966. Summer activity. of unfed adults and diapause of engorged
Dermacentor pictus Herm. females. Tezisy Dokl |. Akarol. Soveshch. pp
169-170. (In Russian).

RECHAV, Y. 1979. Migration and dispersal patterns of three African ticks (Acari:Ixodidae)
under field conditions. J. Med. Entomol. 16:150-163. .

RIEK, R.F. 1956. Factors affecting the susceptibility of cattle to tick infestation. Austral. .,
Vet. J. 32:204-208. . /;

----- . 1962. Stud‘ies on the reaction of animals to infestation with ticks. VI. Resistance
of cattle to infestation with the tick Boophi/us micropl/us (Canestrini). Austral. J.
Agric. Res. 13:532-551. '

RITCEY, R.W. ANDR.Y. EDWARDS. 1958. Parasites and diseases of the Wells Gray
moose herd. J. Mampmal. 39:139-145. .

ROTHSCHILD, M.-1965. Fleas. Sci. Am. 213:44-53.

ROUSELL, Y.E.,E. AUDY, ANDF. POTVIN. 1975. Preliminary study of seasonal moose
©~ movements in Laurentides Provincial Park, Ontario. Can. Field-Nat. 88:47-52.

SAMUEL, W.M.. AND D.O. TRAINER. 1971. Seasonal fluctuations of Tricholipeurus
parallelus (Osborn, 1896) (Mallophaga:Trichodectidae) on white-tailed deer,
Odocoileus virginianus (Zimmermann, 1780) from south Texas. Am. Midland Nat.
85:507-513. : o

----- s AND M.J. BARKER. 1979. The winter tick, Dermacentor albipictus-(Packard, &
1868), on moose, A/ces a/ces L., of central Alberta. Proc. N. Am. Moose Conf. -
and Vyorkshop 15:303-348. .

SAUNDERS, D.S: 1982. Insedt clocks. Pergamon Press, Oxford. 409 pp.
SCHMIDT-NEILSON, K. 1970. Animal physiology. Cambridge Univ. Press. 699 pp.

SEEBECK, R.M., P.H.” SPRINGEL, AND J.C. O'KELLY. 1971. Alterations in host
metabolism by the specific and anorectic effects of the cattle tick {(Boophilus
microp/us) |. Food intake and body weight growth.. Austral. J. Biol. Sci.
24:373-380. - :

.SEMTNER, P.J., R.W. BARKE'R, AND J.A. HAIR. 197 1a. The ecology and behavior of
the Lone Star tick (Acarina:Ixodidae) Il. Activity.and survival in different ecological
habitats. J. Med. Entomol. 8:719-725. ‘

----- .D.E. HOWELL, AND J.A. HAIR. 1971b. The ecology and behavior of the Lone Star
tick (Acarina:Ixodidae) I. The relationship between habitat type and tick abundance

-



133

and distribution in Cherokee County, Oklahoma. J. Med. Entomol. 8:329-335.

----- . J.R. SAUER, AND J.A. HAIR. 1973. The ecology and behavior of the Lone Star
tick (Acarina:Ixodidae) Ill. The effect of season on molting and post-molting
behavior of engorged nymphs and adults. J. Med. Entomol. 10:202-205.

----- . AND J.A. HAIR. 1975. Evaluation of CO2-baited traps for survey of Amb/yomma
macul/atum Koch and Dermacentor variabilis Say (Acarina:Ixodidae). J. Med.
. Entomol. 12:137-138.

SHORT, N.J. AND R.A.l. NORVAL. 1982. Tick pfedation by shrews in Zimbabwe. J.
Parasitol. 68:1052. o . ' .

SNOW, K.R. AND D.R. ARTHUR. 19686. Oviposition in Hyalomma anatolicum
anatolicum {Koch, 1844) (Iixodoidea:Ixodoidea). Parasitology 56:555-568.

SNOWBALL, G.J. 1956. The effect of self-licking by cattle on infestations of cattle
ticks, Boophilus micropfus (Canestrini). Austral. J. Agric. Res. 7:227-232..

-===-. 1957. Ecological observations on the cattle tick. Boophilus microplus (Canes;trini).
Austral. J. Agric. Res. 8:384-413. : :

* SONENSHINE, D.E., E.A. ATWOOD, AND J.T. LAMB, Jr. 1966. The ecology of ticks
transmitting Rocky Mountain Spotted Fever in a study areain Virginia. Ann.
Entomol. Soc. Am. 59:1234-1262. :

---- . AND J.A. TIGNER. 1969. Oviposition and hatching in two species of ticks in
- relation to moisture deficiet. Ann. Entomol. Soc. Am. 62:628-640.

----- . R.M. SILVERSTEIN, AND Y. RECHAV. 1982. Tick pheromone mechanisms. in
OBENCHAIN, F.D. ANDR. GALUM. (eds) The physiology of ticks. Pergamon
Press, Oxford. 509 pp.

SUTHERST, R.W., MJ DALLWITZ, K.B. UTECH, AND J.D. KERR. 1977. Aspects of
- host finding by the cattle tick, Boophilus microplus. Austral. J. Zool.
25:159-174.

SWEATMAN, G.K. 1967. Physical and biological factors affecting the longevity and

oviposition of engorged Rhipicephalus samguineus female ticks. J. Parasitol.
53:432-445. , i’

URAVOV, B.P. 1931. Insects and climate. Trans. Entomol. Soc. London 79:1-347.

TELFER, E.S. 1 970. Winter habitat selection by moose and white-tailed deer. J. Wildl.
Manage. 34:553-559.‘ .

VAN BALLENBERGHE, V. AND J.M. PEEK. 1971. Radiotelemetry studies of moose in
northeastern Minnesota. J. WildI. Manage. 35:63-71.-

VERME, L.J. 1970. Some characteristics of captive Michigan moose. J. Mammal.
51:403-405. . :

WEBB, R. 1958. Mighty rhite. Alberta Land-Forest-Wildlife 2:3-7.

WHARTON, R.H. AND K.B.W. UTECH. 1970. The relafion between engorgement and
dropping of Boophilus microplus (Canestrini) (Ixodidae) to the assessment of tick
numbers on cattle. J. Austral. Entomol. Soc. 9:171-182. :

WIGGLESWORTH, V.B. 1970. Insect hormones. Oliver & Boyd Pub. Co. .Edihburgh.
169 pp. . .



134

Pp.

WILKINSON, P.R. 1953. Observations on the sensory physiology and behavior of larvae
of the cattle tick, Boophilus microp/us (Canestrini) (ixodidae). Austral. J. Zool.
1:345-356. : ' -

----- - 1961. The use of sampling methods in studies of the distribution of larvae of
: Boophilus microp{us on pastures. Austral. J. Zool. 9:752-783.
----- - 1967. The distribution of Dermacentor ticks in Canada in relation to bioclimatic (-“.)k,j‘\"?““/
zones. Can. J. Zool. 45:517-537. ‘ T

--=--. 1970. A preliminary note on predation on free-living engor'ged, female Rocky
Mountain wood ticks. J. Med. Entomol. 7:493-4986.

-----, AND J.T. WILSON. 1959. - Survival of cattle ticks in central Queensland pastures.
Austral. J. Agric. Res. 10:129-143, '

----- .H.R. ABBOTT, AND J.N. WILLMAN. 1982. Location of larvae of the winter tick,
Dermacentor albipictus (Packard), in Elk Island National Park, Alberta. Can.
Field-Nat. 96:211-213. ' ' " :

WILLIAMS, R.E., J.A. HAIR, AND R.W. McNEW. 1978. Effects of Gulf Coast ticks on
blood composition and weights of pastured Hereford steers. J. Parasitol.
64:336-342. :

'WILSON,J.G., D.R. KINZER, J.B. SAUER, AND J.D. HAIR. 1972. Chemo-attraction in
the Lone Star tick (Acarina:Ixodidae) |. Reponse of different developmental stages
to carbon dioxide administered via traps. J. Med. Entomol. 9:245-252. .

WISHART, W.D. 1981. January conception in an elk in Alberta. J. Wildl. ‘Manage.
45:544. . _
WRIGHT, J.E., 1968a. Effect of photoperiod on patterns of oviposifion of Anocentor -
- nitens Neumann (Acarina:ixodidae). J. Med. Entomol. 6:257-262. »

- 19695. Photoperiodic induction of diapéuse in larvae of the winter tick,
Dermacentor al bipictus. Ann. Entomol. Soc. Am. 62:285-287.

----- . 1868c. Hormonal termination of larval diapause in Dermacentor albipictus.

Science 163:190-191.

----- . 187 1. Relationship of seasonal activity of Dermacentor al bi pictus
(Acarina:Ixodidae) to photoperiod: A laboratory study. Ann. Entomol. Soc. Am.
64:1456-1458. A -

YOSHIDA, T. 1879. A study of diurnal activity of larvae of the tick Haemobhysa/is
/ongicornis. in RODREGUEZ, J.C. (ed.). Recent advances in Acarology. Academic
Press, NY.



v

APPENDIX 1. Techniques for raising moose calves (Alces alces) in captivity.

(To be submitted to the Journal of Wildlife Management, 1984). ¢
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Raising neonatal ungulates by hand is one of the only ways to ensure healthy,
tractable animals for use in experimental studies in many aspects of wildlife management.
However, the process in dif ficult, time consuming, and often unrewarding due to high
mortality rates. In North America, many reports on methods for raising neonatal deer
(Odocoileus virginianus and O. hemionus) have been published (Long et al. 196 1; Silver,
1861; Trainer, 1962; Reichert, 1972: Buckland et al. 1975; Halford and AIIdreoge, 1978;
Pybus, 1983), but no preferred or universal methods have been adopted.

Techniques for raising other species of ungulates such as caribou (Jones, 1966),
red deer (Youngson, 1970}, pronghorn (Schwartz et al. 1876). and wa”p’iti {Hobbs and
Baker, 1979; Gates, 1980) have also been reported. - The small number of reports for
raising these species may be due to a lower demand for experimental research with these
species or to ti'me difficulty in raising them successfully by hand.

Although a number of reports of techniques for raising moose calves exist
(Dodds, 1959; Mérkgren, 1966: Landowski, 1969, Regelin et al. 1982; Lautenschlager
~and Crawford, 1983; Addison et al. 1985), only Addison et al. (1983) reported
successfully raising more than s:x calves. Th:s paper reports techmques developed over
five years to successfully raise and train moose for experimental studles on the hfe cycle

-~

of winterticks (Dermacentor albipictus) in Alberta.
MATERIALS AND METHODS

Raising techniques

From late May to mid-August, 1981 and late May to mid-June, 1982, 30 moose
calves were obtained from various parts of Alberta through the cooperation of Alberta
Fish and Wildlife Division officefs. Thirteen calves were captured using a helicopter
between 29 May and 5 June and 17 were subfnitted as "orphans”.

Upon entry to the facilities at the University of Alberta Bio.me‘dical Animal Center at
Ellerslie, all animals were given a thorough physical examination and checked for wounds
and other signs of trauma. A detailed history, including date and location when found
feeding schedules, and notes on behavior and activites was compiled for each ammal

Calves received after 10 June were isolated for three to five days for observation of
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infectious diseases and to check for internal heiminths by fecal examinations.

Cz;lves were housed in concrete-floored pens  side a heated barn. Each pen had
an ad;omlng outdoor, concrete runway and calves were aIIowed outside durlng favorable
weather after the first week. Calves were allowed access to a grassy paddock after
halter training had begun, usually four to five weeks after receipt.

Dirt and water were available at all times during the pre-weaning period.
Alfalfa/timothy hay and fresh ;aspen (Populus tremuloides) browse were offered after
three to four weeks.

Ali calves were bottle-fed a milk formula of one part whole, unpasturized bovine -
milk to one part evaporated milk. When available, 160 m! (4 ©0z2) of bovine colostrum was

‘added to the formula at each feeding. Al calves were fed on a predetermined schedule
(Table 1). Daily volumes/changed from 1981 to 1982, but frequency of feeding was the
same. Advanceé in the feeding schedule were bésed on animal health and weight gains. “A
powdered vitamin supplement (Pervinal, 8 in 1 Pet Products, S-t. Aubrey, NY) was 1
occassionally mixed into the formula. Mitk was warmed to body temperature before each
feeding. v

Detailed records of amount of formula consumed, defecation, urination, activities,
and general coﬂndition were recorded for each animal after each feeding. All calves were
weighed twice weekly until weaning and once per week after. |

In 1981, the transitio.n from milk to solid food was encouraged by mixing an
increasing proportion of rolled' oats into the dirt. The rolled oats were gradually replaced

| with an increasing proporfion of a pellefed aspen ration (Table 2) to'which all calves were

eventually weaned.: In 1982, a commercially available, 18% crude protein, dairy creep
ration was used instead of the rolled oats and thé aspen pellets were replaced by a custom

- prepared alfalfa-based pélleted ration (Table 2)'as the post-weaning ration. ;l'his ration

.was replaced in December, 1982 by the alfalfa-based pelleted ration (Table 2) that was fed
to experimental deer housed in the same facility. |

4 Cieanliness was consideréd very important. All bottles and nipples were rinsed
immediately after each feeding. Botties were sterilized in the steam cycle of a dishwasher
and nipples were immersed and stored in a disinfectant bath Ont_il the next feeding. All

personnel involved in raising the calves were required to wear coveralls and rubber boots
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Table 1. Feeding schedule for moose calves raised at the University of
Alberta Biomedical Research Center, 1981-1982.

Volume
Year per feeding Frequency Duration - Total Volume Per Da
' ml oz (times/day) ml ‘ oz
1981 397 14 6 1 veek 2381 o
454 16 6 1 week 12722 96
624 22 5 5 days 3119 110
680 24 5 5 days 3402 120
737 26 5 2-3 days - 3686 130
964 34 4 1 week 3856 136
1020 36 3 10 days 3062 108
907 32 3 1 week 2722 96
851 30 3 1 week 2552 90
1077 38 2 11 days 2155 76
1077 38 1 1 week = 1077 38
1982 340 12 6 2 weeks 2041 72
: 397 14 6 1 week 2381 84
510 18 5 1 week . 2552 90 -
567 20 5 1 week 2835 100
737 - 26 4 1 week 2948 . 104
- 851 30 4 1 week 3402 120
794 . 28 3 1 week 2381 84
680 24 3 1 week 2061 - 72 ]
851 30 2 1 week 1701 60
680 24 2 1 week 1360 48
851 30 1 1 week 851 30

Formula was a 1:1 mixture of whole bovine milk:evaporated milk.



139

Composition and nutrient analysis of pelleted rations fed to

" Selenium (ppb)

Table 2.
captive moose at the University of Alberta Biomedical Research
Center, 1981-1983.
Year Used 1981-82 1982 Dec. 1982~ ?
(Deer Pellets)
Pelle; Base Aspen Alfalfa Alfalfa
Ingredients (kg/1000 kg feed)
Dehydrated- Alfalfa -— 400 255
Barley 400 300 310
Aspen Sawdust 200 - -
Oats 175 210 g7y ---
Shorts —— — 140
Beet Pulp 75 26 160
Soybean Meal 75 40 - 85
Molasses 35 ——- 40
Dical Phosphorus .3 5 -—
Trace MineraI#Salg" 7 3 4
Vitamin A, D,.E 3 1 2
Moldcurb ‘ 1 —-— -—
Permopellef 12 1. 1
Composition (as fed basis)
Moisture (%) 9.3 8.2 11.2
Protein (%) l3.i 12.8 17.9
Fiber (%) 17.8 19.3 14.9
Calcium (%) 0.46 0.90 0.84
Phosphorus (%) 0. 56 0.36 0.44
No.T (1) - 0.08 —
Magnesium (%) 15 0.20 0.26
Potassium (%) - 0.77 1.02 1.22
Copper (ppm) 7.7 10.9 10.9
- Manganese (ppm) 55.0 42.8 57.0
Zinc (ppm) 61.3 54.4 59.0
159 142 295

<
v
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while on the premises. Foot baths containing a cresote disinfectant were used

4
immediately after entry into the barn from the outside and after entry from any outside

paddock. A separate set of coveralls and rubber boots was used exclusively for handling
P
anifmafs-in *sick bay’. Clothing was changed prior to and after handling sick animals.

-

Treatment of illnesses

Sick calves were isolated from all other animals in the barn until they recovered or
died. lliness was usually first noted as listlessness or refusal to feed. Rectal
temperatures of animals that did not feed normally or were listless were taken immediately
after the feeding and the animal was moved to sick bay if the temperature was higher than
39.2¢C. ' |
‘ Temperatures over 39.4°C were regarded initially. as fever due to a bacterial
infection and treated intermuscularly with a progression of antibiotics from peniciliin G
(Ethacillin, Rogar /;STB, London, Ontario), chloramphenicol {Austicol 200, Austin
Laboratories, Joliette, Quebec), and oxytetracycline hydrochloride {Liquamycin,

Rogar / STB, London, Ontario). Penicillin was usually effective and temperatures usually
returned to normal in two to three days.

B.loat was occasionally encountered after feeding in 1981, possibly due to very
rapid ingestion of milk through nipples with large openings, or to slightly sour milk or sour
colostrum used in the formula. Cal.ves with bloat were treated with diocty! sodium -
sulfosuccinate {Bloat-go, Animal Health Supplies, LTD, Regiha, Saskatchewan) administered
each feeding and/ or a bismuth sub‘§alioylate suspension (Pepto-bismol, Norwich-éaton,
Paris, Ontario) given in-10-20 ml doses at two hour ihteruals. Milk volumes were reduced
by 1/2 'for';'the first two to three feedings after the animal bloated and replaced with
electrolyte"}s (Calf Electrolytes, Salsbury Laboratories,dlLTD, Kitchner, Ontario) in severe
cases. AOccasionaIly, calves With severe\bloat were stomach tubed and the sour milk and

other rumen contents removed. All animals were walked as often as possible.

Lacto-bacillus tablets (Bacid, USV, Mississauga, Ontario) were admmstered occasuonally

Aand found to be partially effectlve against bloat.

Mineral oil was used to successfully treat the one case of constipation.
Diarrheé was the most frequent, persistent, and difficult problem to treat. In

1981, treatment consisted of immediately decreasing the milk volume by half for two to
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three feedings and'giving neomycin sulfate and methscopolamine bromide (Biosol-M, Tuco

Products Co. Orangeville, Ontario) orally after each feeding. Persistent or severe cases
were given partial or complete substitution of milk with electrolytes and glucose with oral
treatments of 5-10 ml of an opiurﬁ', kaolin and pectin suspension (Donnegel-PG, A.H.
ﬁoobins Co., Montreal, Quebec) twice per day and/or oral treatments with 20-50 ml of

: kaolin and pectin (Kaopectate, Tuco Products Co., Orangsville, Ontario) twice a day. Early
detection and the decrease in milk volume was usually effective, although few calves had
pelieted feces until after weaning. . _

Diarrhea was treated differently in 1982 because an unusually severe and
widespread gastro-intestinal infection was encountered. One calf had diarrhea on 1 July
| “and by 6 July Il 16 calves in the barn were scouring severoly. All milk was replaced with
900 m! (32 oz) of an oral nutrient powder mixed in water (Life-guard, Norden Co., Calgary,
Alberta) each feeding for five to seven days and various oral treatments were given
including suspensions of: 1) bismuth subsalicylate, kaolin and pectin; 2)‘streptomycin,
sulfamethazine, kaolin and pectin, and aluminum oxide _suspénsion (Sul-DYo-Strep, Pfizer
Co. LTD, Montreal, Quebec); 3) dihydrostreptomycin, sulfamethazine, kaolin, pectin, salts,
and aluminum hydroxide (Hibitane, Ayerst Laboratones Montreal, Quebec), and; 4) opium,
kaolln and pectin. Boluses of chlorhexidine, hydrochloride, dihydrostrepomycin, kaolin.
and sulphamethaznn salts (Polyansyne, Ayerst Laboratories, Montreal, Quebec) were also
given. None of the treatments was particularily effective, therefore milk was gradually
_ reinstituted into the formula after five to 10 days' of treatment and the diarrhea in all calves
cleared up within two to three Weeks after the onset. Only minor prvoblems with diarrhea
_were encountered afterwards. - |

Superficial cuts, wounds, and srcapes were treated by cleaning with hydrogen
peroxide and applying a topical disinfectant containing chlorohexidine acetate (Hibitane,
Ay.erst Laboratories, Montreal, Quebec).

Extensive intravenous feedings and treatments were utilized to combat a
prolonged period of endotoxemlc shock in two calves in 1982. Both calves dropped in
body temperature to 37-37.5°C and, occassnonally, lost consciousnes;. Continous drip
feedmgs of 10% glucose and saline and treatménts with large doses of prednxsolone

sodlum succmate (Solu-Delta-Cortef 100, Tuco Products Co., Oran@evnl!e Ontario) and
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chloramphenicol were used for two to three days twice on one calf and four times on the
other. Both calves recovered. | ' |
Training .

Halter training was begun at two to three weeks of age. Rope halters of 0.6 cm
(1/4 in) hemp were constructed. These halter were used until weaning by adjusting the -
length of the noseband to accommodate growth. Larger halters-of 1.3cm(1/2 in) hemp
were constructed for use after weaning. Leather and nylon horse halters were used after
weaning in 1982 and for all yearling moose. Lead ropes with a section of small link chaln
(stalllon leads) for wrapping around the nose were used for the yearling bulls durlng and
after the rut.

Halter training was accomplished in many slow step|s. Calves were initially
habituated to the rope _haltérs by putting the halter on for a ‘few hours each day at about .
two weeks of age. After becoming used to the halters', calves were not allowed to leave
the pens without oeing haltered. '

Calves were taught to lead oy being haltered and led to and from the weigh scale
for the twice weekly welghlngs When access to the grassy paddock was permltted all
calves were haltered and led to and from the paddock his portion of the training was
facilitated by the use of rewards: access to the paddock to ‘play’, fresh browse upon |
return to the barn, and a liberal supply of bananas.

Calves were taught to stand tied to a post or fence by tying the lead rope of the
halters to the sides of the pens during feedings. They were tied five to 10 minutes
before feeding and released 5 to 10 minutes after feeding. This was necessary for Iater
experimental work and also to prevent injury t’o workers by over-eager, hungry calves
during feeding.

After weaning in 18981, training sessions became less frequent and eventually led
to behavioral problems during later experimental work. To combat this problem, half hour

' training sessions Were conducted with each moose two to three times per week from
December‘, 1981 to May, 1982. Training sessions in 1982 were conducted from
September, 1982 to May, 1883. Sessions for the three yearling bulls and one yearling

cow were conducted three times per week during the summer of 1982 and two to three

times per week throughout the experimental work i in 1982-83.
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Firm discipline was essential to the training process. Discipline was usually
admlnstered in the followmg order: voice, hand and rope. Discipline intensified to the
point of being forceful during severe misbehavior and during the rut of the yearling males.’

Various psychological and physical methods were used to establish dominance
over particularily aggresssive or large calves and the yearling males. Most involved letting
the moose 'fight' against an immovable object (a wall or fence) until it either tired or gave
'up. "Once calves had submitted and were calmed, normal training procedures were
followed. .
" The yearling males offered a special problem during the rutting season. As soon
as the velvet dn the antlers was removed, and before the males had sufficient time to test
the length and effectlveness of their antlers, the antlers were removed. During the rut,
severe discipline was admmnstered N response to any threat display or act of
aggressiveness. Domlnance was established by inviting an encounter with me wh;le I was
standing at an open gate into the pen of each male. As the male advanced he normally
displayed and occasionally vocalized. When he was within reach, the gate was closed to
lock the knobs of his antlers into the chain link of the gate. He was allowed to push
against the gate until he tired or gave up. As soon as he backed away fhom the gate, the
gate was opened and a sharp blow was given by hand on the nose. This usually resulted in
lmmedxate retreat and a submlsswe posture. This process was repeated twice on two of

the three males and no problems were encountered afterwards that could not be handied \

\
\
\

with normal dlscphne The third and largest male refused to submit and was sold after \

repeated aggresssive and dangerous encounters. - ‘ “\

REULTS AND DISCUSSION

From 1975-1980, 25 moose calves were successfully raised at the University of
Alberta Biomedical Animal Center (Glines, v1983} Samuel, unpubd. The successes and
- failures of fechniques used during this ‘period provided the baisis for the techniques
presented here. Using these techniques, six of 13 and 11 of 15 calves were successfully
raised in 1981 and 1982, respectively, attrlbutlng to the effectiveness of the system

used.
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Success in weaning was much higher for calves received befbre 10 June than for
those received after 10 June for both years of this study. Five of eight calves received
before 10 June survived to weaning in 1981. Two of these calves died within one week
after weaning.due to problems unassociated with the feeding or weaning process. Only
one of five calves received affer 10 June survived. Success was much better in 1982
with 11 of 15 calves received prior to 10 June surviving to weaning. The single calf
received after 10 June diéd.

' Weaning was completed by 17 August, 1981 and 7 September, 1982 for most
calves. One calf in each year was kept on milk until 15 October because they were
extreﬁely small for their age, but onl;‘/ one'surviVed.

Cause of death of calves that died before weaning Was variable and no consistent
pattern was éb'ser\'/ed. Nine of 12 mortalities that occurredin 1981 and 1982 were due
to conditions that were either not treatable (i.e., trauma, spinal abscess) or non-specific,
Wasting conditions li.e., nephritis, hypoproteinemia, and endotoxemia).

Only calves received after two months of age were apparently stressed by
~ conditions at our faéility. These calves did not allow as close contact with the feéding
personnel as éalVes received at a younger age and did not accept the bottle’-f-eeding as
readily as calves received prior to 10 June. In this study, the method of éapture was not
_linked to early mortality as noted by Addison et al. (1983) or with difficulty of feeding
(Glines, 1983). Only very sick animalé, one calf with an abscess on the lower mandible,

" and two calves received when about two months old, had to be force fea using a bottle -
- anda ,nipple with a large opening to Iiteral'ly pour milk into the back of the throat while
gently massaging the throat. B

Weight-gains per day and per liter of formula consumed by calves that survived
were similar in 1881 and 1982 (Table 3). Calvesin 1982 were smaller on arrival and at
weaning, but'it is not known if this difference is associated with the differences in feeding
schedules'or to the severe scouring prob‘lems. The difference in total milk consumed
{Table 3) is due to the large fluid volumes fed during the serious scours problemin 1882.
All healthy calves consumed all milk formula offered. |

Comparisons of feeding schedules indicate that about 150-200 | of formula rhight

be an optimum total volume to use for raising neonatal moose. Total mik consumed
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varies from 120 | (Addsion et al. 1983}, 210 | (present study), 260 | (Regelin et al. 1982),
and approximately 600 | (Landowski, 1969). Daily volumes of milk offered and consumed
are not glven in most of these studies, but are assumed to reflect the total volume used. )
Tetal volumes over 250 | are probably excessive based on the success in raising moose

" on 210! or less of amilk formula (Addison et al.. 1983; present study). Volumes greater
than this may lead to digestive problems and difficulties in ‘weaning animals.onto solid
food. '

Other than duarrhea ‘health problems in both years were usually not serious. One
case of Sa/mone//a spp. was dlagnosed and successfully treated.in 1981. A different
animal acquired a Sa/mone//a spp.- lnfectlon in summer 1882 as a yearling and was treated
and appeared to recover. One calf in both years h’.ad problems with hypoproteinemia.
Both were treated with intravenous amino acid suspensions in addition to the milk formula,

but neither survived | 2
| The only serious health problem in. 1982 was the short period of severe scouring
in all calves. The scouring was apparently caused by an extremely resustant E.coli
(cultured many tlmes) and was pOSSIbly accompanied by a viral agent. |t appeared host
‘ specific as only two of 35 white-tailed and mule deer fawns in the barn- at the same time
began scouring during and after the period that the moose calves were scouring. No
calves died as a result of this scouring problem.
Some of the problems encountered during this study may be related to the pelleted
ration that was fed prior to and after weaning. The pelleted aspen ration used for
“weaning and maintainance in 198 1-82 produced reasonable.weight gains, but was
‘expensive to produce. It was mixed wrong two to three times during the year and a half
that it was used and at least sorne of the mortality that occurred near weaning in 1981
could be attributed to this factor. The calves that supplemented their daily food intake
with large quantities of hay and grass were in better condition than those that did not,
suggesting that the ration was deficient in some way. The ration was analyed three times
during the time it was used. It was low in protein'and energy, had an improper Ca:P ratio,
and near toxic levels of vitamins A, D, and E all three times (Table 2).
The new ration formulated using an alfalfa base for.use in 1982 worked well for

weaning and a short period after weaning, with good welght gains attained by almost all

?K

14
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1
moose. The second batch made was mixed wrong and contamed a very bitter tasting

compound that may have caused some of the anorexia in experlmental anmals in
1982-83. yThlS ration was also low in protein, but the Ca:P ratio was in proper balance
(Table 2). Tho commercial alfalfa-basedvpelle'ted ration (Table 2) used for experimental
deer housed at the Ellerslie facility was subsituted fof the moose ration in December,
1982 and food consumption and weight gains increased. |

Halter training moose was very successful. The use of training sessions at early
ages is thought to have been the primary reason for avoiding difficulties experienced by
Lautenschlager and Crawford (1983) and the discipline problems reported by Markgren
(1966). Most-moose Would lead with minimal resistance and a‘ll would stand calmly while
tied for one half to one hour. With frequent training sessnons and firm discipline, moose
could be tramed very similarily to horses. Only a small number of handlers (one to two) '
sh0uld be used, and areas with large volumes of vehicle and human traffic should be
avoided because moose were easily frightened by sudden, loud, or unexpected noises,
and by strange.people in the immediaté area.

If dominaﬁc‘:e can be established over bulls at an early age (one yeor) and maintained
through constaot training sessions, they should be tractabie during all but the peak of the
rut. They sho‘uld be kept away fljom all other males and females during training sessions
just prior to, during, and just after the rutting season. _

| Successl in rearing moose calves using the methods outlinéd is attributed to the
formula used. the small number (four to five) of people directly mvolved in feeding the
calves, early detection of lllness and other problems by having personnel in the barn 24
hours per day, access to natural vegetation and dirt, and lots of tender Ioving care .
administered constantly. It is suggested that calves not be weaned until tHey reach 68 kg
(150 lbs) and thatv raising attempts be.restricted to calves acquiret prior to 10 June (less
than three weeks of age). Halter training should begin as early as possibie and continue

throughout the experimental life of the animal to ensure control over‘alllanimals.
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APPENDIX 2. Annual trends in maximum and minimum temperature, precip—
tation, and cumulative snow cover for Elk Island Nat10na1
Park, Alberta, 1980-1983. Snow is measured in cm and
usually occurred from October to April. Accumq%ated snow
is measured in cm (—). Rainfall is measured in mm. Snow
accumulation data were available only from October, 1981

to June‘1983.
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APPENDIX 3.

Y

Annual -trends in maximum and minimum temperatures "and _
relative humidity in three habit-: types in Elk Island
National Park, Alberta, 1981 and 1982. a-aspen, b-bog,

g-grassland.
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APPENDIX 4. Quan;itativé description of the cano,y stratum at moose’

carcass sites in Elk Island Nétional Park, Alberta.
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Carcass ' . )
Site Habitat Relative Relative Importance
Number Type Vegetation Species Density - Frequency Value -
Cl, C4, Open Naianthemm canadense 19.1 8.0 27.1
C6, C8, canopy Epilobium angustifoliim 9.2 6.2 ~15.4
C15 aspen Galiwm spp. 9.0 5.3 1407
Fragaria vegea 8.4 4.9 ‘ b3,
‘ ' Lathyrus ochroleucus 5.1 6.5 *211.6
Lo Rosa acicularie 5.3 6.1 11,4
I Symphoricarpos albus 3.2 7.1 10.3
; Graminae . 2.2 8.0 10.2
Rubus spp. (Blackberry) 4.2 5.7 9.9
Viola spp. 3.9 ., 5.4 9.3
Equisetum gpp. 5.5 3.7 9.2
-Corylus cormnuta 5.5 3.5 9.0
Rubugs spp. (Raspberry) 3.2 3.7 6.9
. Aralia nudicaulis 2.0 2.7 4.7
A Lysimackia ciliata 2.3 2.4 4.7
N Populus tremuloides 1.1 3.3 4.4
Populug balsamifera 1.5 2.9 4.4
Ribes hudsoniasnim 0.7 2.8 3.5
Lonicera involuerata 1.2 1.9 -~ 3.1
Similar glauca 0.5 1.8 2.3° .
5 Amelanchier alnifolia 0.7 1.4 2.1 g:jv :
Ribes spp. 0.3 1.2 1.5 :
- Similacina trifolia_ 0.5 1.0 v 1.5
Cornus alternifolia 0.2 1.0 ) 1.2
Parthenocissus spp. 0.2 1.0 . 1.2
Salizx spp. 0.3 0.4 ! 0.7
Cornus gtolonifera 0.1 0.4 0.5
C2, Cl4 Bog - Spagnuem spp.. 44.9 23.4 68.3
Ledum groenlandicun 27.2 23.4 50.6
Yaccinium macrc . arpon 14.8 23.4 38.2
Cladonia rangiferina 3.6 10.0 13.6
Rubus chamaemorus 4.5 9.0 13.5
Vadeinium spp. - . 2.9 6.0 8.9
Betula papyrifera 1.2 « 2.5 . 3.7
Picea mariana 1.2 2.5 3.7
c3 Dense Aralia nudieaulis 11.9 7.3 19.2
.canopy  ° Rubus spp. (Blackberry) 9.9 7.3 17.2
mature Viola spp. 13.5 3.6 17.1 .
aspen Epilotium angustifoliim 9.0 7.3 16.3
Lathyrus ochroleucus 7.9 7.3 15.2
Galium spp. 9.4 5.5 14.9
B FRosa acicularis ) 5.8 7.3 13.1°
Ribes spp. 4.9 5.5 10.4
Smilax glauca 4.9 5.5 10.4
Graminae v 1.6 . 7.3 8.9
Ribes hudsoniamem 2.9 5.5 8.4
Populus tremuloides 2.5 . 5.5 ’8.0
Solidago spp. |, 4.0 3.6 . 7.6
Rubus spp. (Raspberry) 1.6 5.5 7.1

’
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Carcags : : .
Site. Habitat Relative Relstive Importance
Number Type Vegetation Species Density Frequency Value
c3 Lonicera involucrata 2.5 3.6 6.1
-..cont'd Natanthemm canadense 3.4 1.8 5.2
Corylus cormuta 0.5 1.8 2.3
Equisetim spp. 0.5 1.8 2.3
Mertengsia virginica 0.5 1.8 2.3
Parthenocissus spp. 0.5 1.8 2.3
Symphoricarpus albus - 0.5 1.8 2.3
“C5, C13  Grass- Equisetum spp. 33.4 15.0 48.4
land Graminae 12.9 28.6 41.5
. Popubus tremuloides 7.2 16.6 23.8
Rosa acicularie 9.9 11.6 21.5
FPragaria vesca 12.2 8.6 20.8
- Solidago spp. 10.9 4.6 15.5
- Symphoricarpos albus 8.8 6.6 15.4
Galiwm spp. 3.6 4.6 8.2
" Rubug spp. (Blackberry) 1.1 2.0 3.1
) ) Lonicera imvolucrata 0.3 2.0 2.3
c? " Dense Equigsetim spp. 39.8 10.8 50.6
canopy Fragaria vesca 23.9 10.8 34,7
immature Symphoricarpos albus 7.2 10.8 18.0
aspen Rubus spp. (Raspberry) 5.8 4 0.8 17.6
Lysimackia eiliata - 7.9 g oBu8 16.7
e Viola spp. 5.4 @« g.8 14.2
. . Graminae ) 1.3 Y 8.8 10.1
’ Gaiiwm spp. _ «£ 2.5 C 579y 8.4
Ribes spp. 2.1 5.9 ~ 8.0
Populus tremuloides 1.3 5.9 7.2
Smilar glauca 0.4 3.9 4.3
Aralia mudicaula 0.4 2.9 3.3
Epilobiwm angustifiotum , 0.4 2.9 3.3
Rosa aciciularig ' ) 0.4 2.9 3.3
C10, Wet Equisetum spp. 53.7 13.8 - 67.5
c1l grass- ' Graminae/Carex spp. 7.8 19.4 27.2
land/ Viola spp. 5.5 10.0 15.5
sedge Eptlobiwm angustifoliwm 6.1 7.6 13.7
Unknown #1 . 6.7 3.4 10.1
Rubus spp. (Ras ter- ;) 2.3 7.6 ‘9.9
Rosa acicular:; 1.9 7.6 9.5
Salix spp. © 1.9 5.3 7.2
Lonicera imvoluc..iia 4.6 . o L9 . 6.5
Ribes spp. 2.0 - 4.3 6.3
Rubus ep: {Blackberry) 2.0 4.3 6.3
Aralia nudicaulis 0.9 4.3 5.2
Betula glandulosa 1.7 3.4 5.1
Populus balsamifera 1.3 1.9 3.2
T Ribes hudsoniasmer - 0.9 1.9 ‘2.8
o Smilar glauca 0.7 1.9 2.6
- v Lysimachia ciliata - 0.4 1.9 2.3

Importance value isﬂthnigﬁm of relative density and relative frequency to a
maximum of 200. . .
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APPENDIX 8. Reproductive pargmetersaof engorged female Dermacentor
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. €
- The reproductive performance of engorged female (EF) ticks is n'ormall‘y_me'a'suréd
under constant temperature and relative, humidity in the laboratory. A variety of incubation
conditions were used, the results of these experiments are presented here.

The most important reproductive parameters monitored in ;(his study were EF
survival, preoviposition and incubation periods,‘total prodﬁctio'n. % egg hatch, % Iar\‘/al/
survival, and the Réproducti;/é Efficiency Index (REll. Although many of the repgoductive
parameters were relativel'y constant betwéen experimental réplicat‘és within a treatment
group, imbortant variations and trends‘ in these parameéters are identified within each
treatment groﬁp. Because EF the;t Iaidsunsuccessf‘ul eggs constituted a variable proportion
of the total nuﬁ'xber of EF used in each experiment, an anaysis of the reproductive '
performance of these EF is included in the discussion of the reéu}ts within each treatment

group where applicable.

Reproduction of engorged females under"field conditions at Elk Island National Park
The reproductive parameters of suc;cesful EF under field conditions as discussed
previously. Twenty-six EF, over half‘ of which were in the aspen 'habitat, laid eggs that
failed to hatch (Table 1). The preoviposition period of these EF was not different in the
_ three habitat types (F¥.0526, .0894, .3581, p=.8192., .7657, .5512 for the bog, aspen,
and grassland, respectively) or from succesful EF (F=.4819, p=.7900). Total broduction
and REI were similar between habitat types, but total pmduciion was significantly less in
the bog and grassland for unsuccessful EF than for successful EF (F=7.248, 7.356,
p=.0086, .0081, respect‘ively). The REI showed the same relationships as total

production (F=10.505, 11.970, p=.0077, .0009, respectively).

Reproduction of engorged females at constant conditions
ety and 72% of the EF at 25°C and 19°C, respectively, survived aﬁd laid
successful eggs (Tables 2 and 3). There was little change in EF survival over time at 25°C
except for 22 May. Survival of EF at 19\°C increased with successive drop periods.
Ali reproductive parameters except preoviposition period, which declined over
time, were reasonably similar bet\r/veen drop periods for both 25°C and 19°C (Tables 2 and

3). The preoviposition period at 25°C was correlated with date the experiment began

-

i
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Table 3. Reproductive parnmegex_ of engorged female (EF) Dermacentor
albipictus under 19°C and 12:12 photophase, -1983.

5
Source g;ﬁi. zg' EfMSurvival Preoviposition Perio&
Began EF No.? % P‘(days)
7
Calves 3/6 14 5 36 195 + 2.7*
3/19 41 27 66 22.4 + 4.6
4/2 72 .55 76 22.7 + 4.1
4/16 38 29 76 20.8 + 2.8 )
4/30 16 15 94 18.9 + 8.0°
© o s/14 6 5 83 17.2 + 5.4°
ALL 187 136 72 21.5 + 4.7
Reinfested 3/6 0 0 0 ‘ -—-
Yearling 4,4 4 2 50 25.0 + 1.4
4/2 31 27 87 22.9 + 3.3
4/16 10 9 90 18.6 + 3.5°
4/30 19 18 95 15.2 + 3.2°
5/14 19 18 95 15.9 + 2.2°
ALL 85 76 89 18.9 + 4.5

@Number of engorged females that survived and laid eggs.

Using an F-test for linear combinatior  of means, these values are

significantly different (p <0.05).

*
‘mean + 1 SD.
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{=date out)(r:-0.603, p<.0001). Length of the preoviposition-period decr'eased slightly
with successive drop periods at 19°C (r=-0.239, p=.0050).. ‘

At 25°C, percent hatch was high, but larval survival was lower than expected (Table
2). Total production and REl were the only parameters that were positively correlatéd
with EF weight (r=0.908 and 0.393, each p<.0001). .

Only two EF in this treatment group laid eggs that failed to hatch.
Reproductior) of engorged females after exposure to cold stress

No EF survived the cold stress of freezing at -22°C, and EF survival in the other
cold stress treatments was variable (Tables 4, 5. and 6). There was an increasing trend in
- survival of EEF transferred from field conditions to constant 25°C (Table 6) which may be
related to the general warming trend in ambient temperatures as spring a‘dvanced. Habitat
type did not appear to affect either survival or productivity of EF exposed to field

o
conditions (Table 7).

In the three cold stress treatments (10 to"25°C, O to 25°C, anid field to 25¢°C), all
reproductive parameters except preoviposifion period, which generally declined with
successive drop periods (r=-0.365, -0.311, -0.709, p'=.0008, .0123, <.00001 for 10 to
25°C, 0 to 25°C, and field to 25°C, respectivély), were fairly constant between drop
periods (Tables 4, 5, and 6). Percent hatch was generally high, but larval survival was
variable, particularly for field to 25°C (Table 6).\ Only total production was significantly
correlated with EF weight r=0.911, 0.847, 0.739~, each p<.OOO1 for 10 to 25°C, O to to .
25°C, and field to 25°C, respectively). In all three cold §tress treatments, all parameters
measured were independent of length of cold stress. .

Only one and two EF exposed to 10°C and 0°C, respectively, laid éggs that did not

\

hatch.

e

Reproduction of engorgemgles ur:lderlfluctuating temperature and relative
humidity \«\‘ |

Due to small sample sizes, general trertds in the reproductive parameters of EF that
laid successful eggs could not be idgntified for 16 hr -5°C, 8 hr 25°C or 16 hr 0°C, 8 hr
25°C (Tables 8 and ka in the other three fluctuating treatmehit .groups was
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- higher (Tables 10, 11, and 12), however, there were only two replicates of 16 hr 25°C, 8

hr 10°C and general trends in reproductive parémeters were not tested in this treatment.
Th_é. timing of tﬁe reproductive cycle unde‘rvfluctuating conditions was variable.
The preoviposition period declined over time under 16 hr 25°C, 8 hr - 5'°C r=-0.672,
p=.0058) and 16 hr 25°C, 8 hr 0°C {r=-0.771, p<.0001)(Tables 10 and 1 1) The
incubation period for the last two drop periods under 16 hr 25°C 8 hr -5°C: \Las almost

double that for the first two (Table 10), but decreased over time under 16 hn 25°C; 8 hr

N

0°C (Table 11} (r=-0.460, p=.0071). - | \ N

Percent hatch was.very low in all fluctuating treatments and no larvae survived to
the counting date in any treatment group (Tables 8-- 12). Total production and RE| were
relatively constant ower successive drop periods in most of these treatments (Tables 10,

q1', 12). Total production and REI wer'e; usually positively correlated with EF weight, But »

REI was negatively correlated with EF weight for 16 hr 25°C, 8 hr -5°C (r=-0.405;
p=.0129). ' ‘

it

A large proportion of the EF in each of these treatment groups laid eg§gs which
failed to hatch (Tables 8 - 12). The preoviposition peribd of these EF declined over time
as in the other treatments, but the relationship of total productlon and REI to EF Welght and

date out was variable between treatment groups
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APPENDIX 9.

o

Calculations for use in the flow rate model of Dermacentor

albipictus in Elk Island National Park, Alberta.
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Calculations of parasite flow rates were organizedina 4 x 3 rﬁatrix with the four
ungulate host species assigned to rows and the three habitat types assigned to columns.
Host density was obtained from population estimates provided by Blyth (unpub). Habitat
usage and habitat proportions are from Cairns (1876).

For ease of calcuation, a ranking system was used for the abundance 6f ticks pér
host individual. An average of 36,969 ticks per moose, 11,638 ticks per wapiti, 2,700
ticks per deer, and 36 ticks per bison were.found on hides collected from 1977 to 1883
in EI/NE,(Samuel, unpub). Moose were assigned a rank of 1.0, while wapiti, deer, and bison
Wére‘given ranks of 0.3, 0.07, and 0.001, respectively.

All cell products in a row were summed, as were all cell products of a column.
Each row sum was divided by the grand sum to calculate the relative flow rate of EF
Dermacentor a/bipcitus from each host species to the tick popuiation (A). To determine
the flow rate from the tick population into each habitat type, each column sum was divided
by the grand sum. ’ |

To obtain flow rates of larvae to each host species and from each habitat. type.
additional cells on EF préduc}ivity were added to the calculations (B). Habita.t specific
mortality rates and reproductive parameters >f ' 2'b/pictus are from the preceding
chapters. Row sums were di\)ided by the grand sum tc obtain flow rates of larvae from
the tick population to each host species while column sums were divided by the grand sum
to obtain fiow rates of larvae from the three habitat types to the tick population.

Similar calculations were performed to obtain fow rates of ERand larvae between
each host species and each habitat.type while assuming a low moose population and all

other host species at carrying capacity (C and D). . ,
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A
Calculations of flow rates of Dermacentor albipictus from host species to
the tick population and from the tick population to habitat type assuming
all host populations at carrying capacity. )

Host Species * Habitat Type Row Sum
Bog Aspen Grassland
Moose
Density (#/ha) 0.020 0.020 0.020
D.a. Abundance 1.0 1.0 '1.0
Habitat Usage 6.0 85.0 9.0 °
Habitat Prop. 7.0 79.0 14.0
Prop. EF Drop 1.5 1.5 _1L.5
PRODUCT 1.26 201.45 3.78 206.49
Wapiti . |
Density‘(#/ha) 0.025 0.025 0.025
*D.a. Abundance 0.3° 0.3 0.3
Habitat Usage _3. 78.0 19.0
Habitat Prop. 7.0 79.0 14.0
Prop. EF Drop 1. 1.5 1.5
PRODUCT 0.33 69.32 2.99 72.64
Deer -
Densit§ (#/ha) 0.015 0.015 0.015
. D.a. Abundance 0.07  0.07 0.07 ‘
Habitat Usage 4.0 - 86.0 10.0
Habitat Prop. 7.0 . 79.0 14.0
Prop. EF Drop _1.5 1.5, 1.5
' PRODUCT 0.04 10.70 0.22 10.96
Bison . .
Density (#/ha) 0.031  0.031 0.031
D.a.- Abundance - 0.001 0.001 0.001
Habitat Usage . 7 5.0 .62.0 33.0°
Habitat Prop. 7.0 79.0 14.0
Prop. EF Drop 1.5 1.5 - 1.5 !

_ 0.002 0.23  0.02 0.25
COLUMN SUM 1.63  281.70  7.01. |
GRAND SUM 290.34 '

\ \\

ﬁ'v



Calculation of flow
to host species and
host populations at
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rates of Dermacentor albipictus from the tick population
from habitat type to the tick population assuming all
carrying capacity.

Habitat Type L. Row Sum .

GRAND St™ 30200.

. Host Species
Bog ASpen Grassland
Moose "
Previous Product A 1.26  201.45 3.78
ZEF Survival 0.34 0.13- 0.37
ffeggs /EF 3227 3013 3152
%egg Hatch 0.51 0.23 0.59
PRODUCT 705.05 18148.37 1733.97 20587.39
Wapiti
Previous Product A 0.33 "69.32 2.99 /
%EF Survival 0.34 0.13 0.37 s ¢
feggs/EF 3227 3013 3152 N
%egg Hatch 0.51 0.23 0.59 .
PRODUCT 132.20 6245.17 2059.08 8436.45
Deer
Previous Product A 0.04 10.70 0.22
%EF Survival 0.34 0.13 0.37
fleggs/EF 3227 3013 . 3152
" %egg Hatch _0.51 0.23 0.59
PRODUCT 24.68 964.00 151.72 1140.40
Bison i .
Previous Product A 0.002 0.23 0.02
#EF Survival 0.34 0.13 0.37
fleggs/EF 3227 3013 3152
Zegg Hatch 0.51 0.23 0.59
PRODICT ©0.91 20, 52 14.78 36.21
COLUMN SUM 862.84 25372}6 3959.55

45
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C

Calculation of flow rates of Dermacentor albipictus from host species to
the tick population and from the tick population to habitat type assuming
low moose populations and all other host populations at carrying capacity.

Row Sum

Host Species Habitat Type
_________ Bog Aspen Grass;and
Moose
Density (#/ha) 0.005 0.005 0.005\
D.a. Abundance 1.0 1.0 1.0
Habitat Usage 6.0 85.0 9.0
Habitat Prop. . 7.0 79.0 14.0
Prop. EF Drop 1.5 1.5 ‘ 1.5
PRODUCT 0.32 130.61 4.18 i 51.63
Wapiti )
Density (#/ha) +0.025 0.025 0.025
D.a. Abundance 0.3 0.3 0.3
Habitat Usage 3.0 78.0 19.0
Habitat Prop. 7.0Q 79,0 14.0
Prop. EF Drop 1.5 1.5 1.5
PRODUCT 0.33 69.32 2.99 72.64
Deer |
Density (#/ha) 0.015 0.015 0.015
D.a. Abundance 0.07 0.07 0.07
Habitat Usage 4.0 86.0 10.0
Habitat Prop. 7.0 79.0 14.0
Prop. EF Drop 1.5 1.5 1.5
PRODUCT 0.04 10.70 0.22 10.96
Bison
Dénsity (#/ha)  0.031  0.031  0.031
D.a. Abundance 0.001 0.001 0.001
Habitat Usage 5.0 62.0 33.0
Habitat Prop. 7.0 79.0 14.0
Prop. EF Drop 1.5 1.5 1.5
PRODUCT 0.002 .0.23 0.02 o 0.25
COLUMN SUM 0.69 130.61 4.18
GRAND SUM,, 135.48




Calculation of flow rates of De
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rmacantor albipictus from the tick population
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to host species and fgdm habitat type to the tick population assuming a low
moose population and all other host populations at carrying capacity.

Host Species Habitat Type Row Sum
Bog Aspen Grassland-

Moose \
Previous Product C 0.32 130.61 4.18

ZEF Survival 0.34 - 0.13 0.37

fteggs/EF 3227 3013 3152

%Zegg Hatch 0.51 ) 0.23 0.59

PRODUCT 176.26 4537.09  650.23 5363.58
Wapiti

Previous Product C 0.33 69.32 2.99

ZEF Survival 0.34 0.13 0.37

fleggs/EF 3227 3013 3152

%egg Hatch 0.51 0.23 + 0.59

PRODUCT 132.20 6245.17 2059.08 8436.45
Deer |

Previous Product C 0.04 10.70 0.22"

#EF Survival 0.34 0.13 0.37

#teggs /EF 3227 3013 3152

%egg Hatch 0.51 0.23 0.59

PRODUCT 24.68 964.00 151.72 1140.40
Bison '
Previous Product C 0.002 0.23 0.02

#EF Survival 0.34 0.13 0.37

fleggs /EF 3227 3013 3152

%egg Hatch 0.51 '0.23 0.59

PRODUCT 0.91  20.52  14.78 36.21
" COLUMN SUM 334.05 11766.78 2875.81

| GRAND SUM 14976.64




APPENDIX 10. Proportion of the numbers of engorged female Dermacentor

albipictus that drop off moose on specific dates.
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SNOWMELT ENGORGED FEMALES DROPPING SNOWMELT ENGORGED FEMALES DROPPING

DATE BEFORE SNOWMELT AFTER SNOWMELT  DATE BEFORE SNOWMELT AFTER SNOWMELT
(o} (0?) - o'y CONEE
Feb. 27 0.016 7 0.984 Apr. 1 .531 } .469
28 .031 .969 2 .547 .453
Mar. 1 .047 .953 3 .563 o .438
2 .063 .938 4 .578 .422
3 .078 ' ez 5 .594 ‘ .406
4 .094 ©.906 6 .609 .39]
5 .109 .891 7 .625 .375
6 .125 875 8 .641 .359
7 .141 .859 9 .656 .344
8 156 .844 ' 10 .672 .328
9. 172 .828 1 .688 . .313
10 .188 .813 12 .703 .297
11 .203 .797 13 .719 .281
2 .219 .781 14 ’ .734 .266
13 234 .766 15 .750 . .250
14 .250 .750 " 16 .766 234
15 .266 .734 17 .781 .219
16 .281 .719 18 .797 .205
17 .297 .703 19 .812 .188
18 .313 .688 20 .828 172
19 .328 .672 21 .844 .156
20 .344 ' 1656 22 .859 .141
21 .359 .641 . 23 .87§ .125
22 .375 625 24 .891 .109
23 .391 .609 25 .906 .094
24 .406 .594 26 .922 078
25 .422 578 27 .938 .063
26 .438 563 28 .953" .047
27 .453 .547 29 .969 .031
28 .469 531 30 .984 .016
29 -.484 .516 May 1 1.000 0.000
30 .500 .500
31 .516 ' .484



APPENDIX 11.

An evaluation of bﬁrning for control of winter ticks
in central Alberta. (To be submitted to the Jogrnal

of Wildlife Disease).

204




4 206

.INTRODUCTION | _

The winter tick, Dermacentor a/bipictus,' is a one-host tick fc;und on\ Ms and
otl:wr large ungulates throUghout much of North America. Infestations:\oj) moose ar(a\J
seasSnaI; moose acquire larvae in autumn with peak exposure in garly Oc/)éober, nymphs
overwinter on the host, and adults emerge and fesd in spring (Drew, phbub). Females

!engorgé and drop from the host from February to May. Under field conditions in central
Alberta, egg laying begins in early June and hatching occurs in late August and early
September (Drew, unpub). \ - .

Levels of infestation on moose in central' Alberta often exceed _50‘\,“000 ticks per
moose (Samuel and Barker, 1978; Glines, 1983; Samuel, unbub). The high"t'ck loads
cause infested moose to groom and remove much of their \/Ninter hair two tcxgee
months prematurely. In an effort to control infestations of winter ticks on moo:;:\‘e, the

effects of a prescribed burn on survival and productivity of engorged female D.

albipictus was investigated.
MATERIALS AND METHODS

The prescribed burn was conducted on 12 May, 1982 in Elk Island National Fsark,
l
about 40 km east of Edmonton, Alberta. The purpose of the burn was to examine the
efféctiveness of spring burning for killing old growth aspen (Populus tremulojdes),

initiating browse regeneration, and opening areas to allow expansion of existing .

<
>

grasslands. . ,

Engorged female D. albi pictus were collected from March to April, 1982 from
bedding sites of free-rénging moése in Elk Island National Park and 'from captive moose
housed at the University of Alberta Biomedical Animal Center, Ellerslie, Alberta. A total of
264 engorged females was collected and stored at 10°C untii 3 May, 1982. Thirty-three
. famales were released in each of eight sites in the designated burn site in Elk Island

National Park on 3 May, 1982 (Table 1). Release sites were marked with suEveyor's

)

flagging tape and metal poles.
Immediately after the burn, all release sites were checked for degree of duff

burned, presence or absence of engorged females, and the status of a few of the females

./‘
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Table 1. Survival of engorged female (EF) and Tecovery of larval.
Dermacentor albipictus after a prescribed burn in Elk Island
National Park, Alberta in spring, 1982.
| # EF  Estimated Duff i
Site # and Habitat Released # EF thag ‘Surviyal Burned Larvae
‘ Survived ) (%) Flagged
1 - dense canopy aspen ‘ _
moderate shritb understory 33 0 0 75 0
[ 3
dense canopy aspen : .
moderate shrub understory 33 6 18.2 25 18,888
) ' '
3 dense canopy aspen
moderate shrub understory 33 0 0 75 0
.4 - willow overstory
©  grassy understory 33 0 0 75 64
5 - open canopy aspen g —W’ T
grassy understory 33 0 | 0 50 9
6 open canopy aspen v
grassy understory 33 1 3.0 50 1,913
7 - grassland 733 1, 3.0 75 1,114
grassland 33 o/ -0 100 2
' !
TOTAL 265 v ’§ 3.0 21,990
"

8pased on an avérage of 3000 larvae produeed:per EF (Drew, 1984).

bLess than 100 larvée recovered per site was regarded as an indication of
contamination.

———

T

/
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found. Each site was flagged for iarvae using a‘“0.5 sq m white flannel cloth on a wooden
pole four times from 4 October to 1 November, 1982. Larvae on the flags were counted
using a small vacuum apparatus in the laboratory.

"

RESULTS AND DISCUSSION
5

Over 85% of the engorged fem?les died in areas that were burned (Table 1).
Higher survival rates of engorg"ed females occurred in the dense canopy aspen (Table 1,
Site 2), and was attributed to the incomplete burni??g (25%) of the duff and litter. Sun;vival
of engorged females is also affected by weather conditions. Survival of engorged
females after snowmelt averaged 60% to the onset of oviposition in June and 28%.at the
time. of egg hatching ip September in three control sites (bog. aspeun-forest, and grassland)
in Elk Island National Park the same spring (Drew, unpub). If engorged females in the burn
site had similar survival rates prior to burning, burning increased mortalit’y"fby about 25%.

) Recovery of larvae by flagging in autumn indicated that a few of the engor Jed
fremales survived the burn. Variable, but low numbers of larvae were rec‘oyereda_,t six of
| the eight release sites (Table 1), suggesting that the burn.was effec{ive ih-reducing, but not

in éliminating, the numbers of farvae available to moose in autumn.

Fire is effective in reducing 'populations of Ambl/yomma americanum (Jacobson
and Hurst, 1978; Oldham et al. 1981) and / xodes scapularis (Rvoberts, 1955). However,
these reports concern prescribed burning in grassland habitats. The vegetationAin open

-grassy areas tends to be almost totally burned .(Wright, 1974), therefore, burning in these
areas would be most effective for controlling ticks.

Burning of forested habitat types usually removes the leaf litter but does not
completely burn the sbil duff layer. Variability in vegetation density, amount of fuel, and
moisture content of the fuel make control and preditiohsof the degree of buraing difficult
(Drawe, per com?ﬁ). Hoch et al. {1972) found that controlled burning in oak-hickory./
woodlots was not effective in reducing populations of A. americanum due to inc~mplete
burning of the duff. ,

.Burning may also be unrpliable for winter tick control in central Alberta dué to
these facftdrs. Success will probably be determined by the‘hébitat type being burned,

L
-y
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weather conditions prior to the burn, and the fuel load in the burn site. A slow, hot fire
must be maintained by a sufficient quantity of fuel to ensure adequate burning of the duff
and litter layer where the engorged females are. The period between snowmelt and leaf
out in spring is probably the best time of the year for burning to control the numbers of
engorged females that survive and lay eggs and, thus, for reducing the numbers of larvae
available for transmission in autumn. l

A fall burn to reduce the numbers of larvae available would probably be very
effective since most larvae are at or near the tips of the vegetation waiting for a host
) (Drerw, unpub). These larvae do not descend to the duff once they have ascended
vegetation, a behavior that increases their suspectibility to fire. A hot, fast fire would
poééibly kill a large proportion of the larvae, but wouid have to be done between early
September and early October before the period of! peak transmission (Drew, unpub).
However, a fall burn would also decrease the amount ¢ forage available for unguiates d
during the winter following the burn. An annual, rotating schedule for burning small areas |

may alleviate this problem and provide an effecti\/e’aeansl for reducing the numbers of

‘ticks per moose in areas of high infestation levels.
' : /

' (\//
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