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Controversy in the l1terature and among w1ldl1fe

managens over‘i ortance of the & nter tlck Dermacentor
albipictus,; as a mor‘ality Lctt of moose,‘AIces alces, ‘led
o ;?me,to inyestigateug?e\life-his“or_ Jeve iopment at constant

.temperatures and physlological eff- ts of winter ticks on .

L]

« moose. B e ,.- - %
S | F1eld 1nvest1gat1ons were conduc’ into the life
h1story -of the w1nter t1ck Exam1nat1 - . mocse hides

‘ collected in E1k Island Nat1onal Par (E.1.N.P:) Albe a
dur1ng autumnr winter and spr1ng of 1879-80 and 1880 -81
showed {hat larval stages of this one-host t1ck were preséent
on moose from September to December but nymphs~predom1nated
as early as October Most nymphs went into d1apause .and d1d

- not take blood frOm the host unt1L danuary February
Unengorged adu}ts began to appear in February Females '

'engorged and dropped off from late March through early May

-~and no t1cks were found on hides collected in late May June..
_ ‘ Aerial ané ground surveys of moose in E I N. P durlng
winter and spr1ng of 1980 revealed that mobse lost hal: ._

U\dur1ng the per1od engorged nymphs and females w _found on
. A .

1,

the h1des L

Development dur1ng nonparas1t1c port1ons of the l1‘e f;
cycle was 1nvest1gated by 1ncubat1ng engorged femaie ticks

at 1903 25° and 30°C (>85% RH) and mon1tor1ng reproduct1ve

LA

iv* -



‘output, preov1poswt1on and egg 1ncubat1on periods. Total'
number of eggs produced per fema]e corre]ated with. engonged
weight of the female at 19° and 250 bui not at 30°cC. Max1mum

o reproductxve effacwency (no eggs/g of female) was at 19°C

A large négat1ve corre]at1on Jbetween development time and
temperature was f0und t3r both preov1pos1t1on and egg
: incubation per1ods: The lower threshold of ov1pos1t1on.was
calculated as 15’1°C Having maxwmum reproduct1on at-
temperatures near the lower threshold of ov1p051t1on is

~ l1ke1y an adaptat1on to cold cl1mates ~”_1‘1 vf\‘
Phys1olog1cal effects of D. alblplctus on. moose were
investigated by mon1tor1ng b1ood composition, we1ght ga1qﬂ/i
food intake and change in the hair coat of ¢ moose calves
'exper1menta]ly infested with t1dks and 8 un1nfested E |
u,cohtro]s Dne t1cK 1nfested moose died early in. the'v
eXperiment Al] surv1v1ng animals 1ost much ha1r because of -

fthe 1ntense groom1ng they did in response to 1rr1tat10n from

'L“engorgxng nymphal and female ticks. Control moose did ‘not

lose ha1r The infested animal with the least amount of ha1r.'

loss suffered weight Ioss,,anem1a, hypoalbumenem1a,
hypophosphatem1a and trans1ent decreases{1n serum aspartate
transam1nase and calcium dur1ng the per1od of nymphal and
adult t1ck engorgement The an1ma1 w1th ?ntermed1ate hair
’loss suffered a mild anemia durvng the peak-t1me of nymphat
engorgement The\ah7m3T\w1th the most severe ‘hair loss did

- not suffer anemia but became very weak and was Killed. :'f

.Post mortem exam1nat1on revea]ed the poss1b1l1ty of 1mmune

Iy



not become anorex1c S . g'_' D ({

' é—b]ooo 1oss.. , “'

o«
complex d}sease The animal w1th the least hair loss: d1d not
exh1b1t 1ncreased gamma globu11n but the two moose w1th more

severe hair loss had 1ncreases in gamma globu11n shqrt]y

Results sUggest that the extent of ha1r loss is Igb;ted

to host reswstance o the tick. Moose that groom and evelop

ha1r 1oss 11ke1y carry. fewer t1cks and suffer less- -severe

o ]

[

vi

‘ after onset of female tick engorgement Infested an1fals-did’
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1. INTRODUCTION

) b

The winter tick, Deﬂmaoentor albipictus(Packard), is a
one-host”ttck‘that.primantty}tn?ests wild ungulates, horses
and cattle (Bishopp and Wood, 1913; Cooley, 1938). It is
found across SOutherh Canada and throughout most of the !
cohtinenta]'United‘States (exoept Aléska) (Cooley, 1938;
- Bishopp and Trembtey, t945 rev1ew of Anderson- and |
Eankester,11974).'As its name implies, this tick 1nfests 1ts .

.host primarily during the. winter months.’ Lanvae ascend .the

. vegetation ahd acquire a host in autumn. Larval aﬁa;nympha]

moults occur. on the host and engorged adults drop off in the

o .

) spr1ng Engorged females then lay eggs on the ground
‘e[(B1shopp and Wood, 1913) , ) 7 o

Many authors feet-this tiokiis.é Serious‘parasfte of
moose (Alces aloeS), . wapiti ..(Cerjv.u's el'aphus) , mule deer
(Odocoileus hemionus) ano tree ranging horses end cattle in
North Amer1ca (B1shopp and Wood, 1913; Cameron and Fulton,
1926- -27; Bruce, 1927; Fenstermacher/and Jellison, 3933; |
Cowan,j1951~ Peterson 1955, Stelfox '19623 Berg,'1975) In
A]berta. ep1zoot1cs of winter ticks.in EIK Island Nat1onal
Park have been assoc;ated w1th deaths of wap1t1 during’ the
.w1nter of . 1936- 37 (Love, 1955) and moose during the winters
of 1976-77 (Samsel and Barker, 1979], 1980-81 and 1981-82
(Drew ahd'Samuelbunpub.): E-lsewhere in .the pro?ince, oeaths,-

of moose, heavily infested with winter ticks, were reported
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' dur1ng the w1nters of 1957 58 and .1958-59 (Webb 1959). In
'.northern Alberta “the hunt1ng season for moose was closed
during the years 1950, 1951, 1953 and 1954 "in response to
unusually\heavy tick infestations on moose and a1le§ed
.‘.overhérVesf by timber wolves, (Ganis Jupus) " (Lyhch, 1973).
" Interest fn_this tick reached its zenith in»fhe'early
1§30’s when'reports imp]fcated the winter tick in the”
transmission of neurologic diseasegof'mQOSe (Thomas and .
Cahn, 1932; Wallace et al., 1933). However, it\be%jme L
. apperent*that this tick neither caused nor transm{tted the
disease, and }nterest.in’the‘tigk-dec]ined“ Recent\
epizootics of winter ticks in Alberta (Saﬁue]nand'gérker,
1979) and Ontar{o (Addison and Smith 1981), assdciated with -
deaths of moosg, have aga1n given rise to 1nterest in/ the
effects of w1nter t1cks on moose and possrb]e management
techn1ques to reduce tick popu]at1ons '
There is debate in the 11terature as to the effects .

'these t1cKs have on moos%\\Severa] authors (Fenstermacher
and dJellison, 1933; Wallace, 1934, Cowanj 1851; PeterSBn ”
11955;vWebb,-1959{ Berg, 1975; Addison et all, 1879; Samuel
.and'BarKer, ﬁ979) reborf that "in late winter, moose, heavily
infested'with-ﬁinter ticks, oftenyexhibit hair loss. These
,authors'fee1 that the hair loss iz‘related to the presence
of the t1cK Others feel ha1r 7oss is simply the spring
moult. and the—presence of t1cks is co1nc1dental (Ritcey and

Edwards, 1958; Peterson, 1977). While many feel this tick is

‘a serious-pést of moose, others feel it oh]y causes
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mortality in conjunction with other factors”suchias disease
or malnutrition (Ritcey and Edwards, 1958; Stelfox, 1962;
Berg, 1975) .

] help resolve the cdﬂtroyersy in the literatute and

among w11d11fe managers over .the i tance ofj@he winter
tick in the management of moose populatio'
1nvest1gat1on into the phys1o]og1031 effects .
alblplctus Oon moose was necessary However the ontroversy
was fueled by a geheral lack of information on the basic
\»i]ife history aod'popu1atioh dynamics'of,fhis.tick in
northern ciimates..Therefore, before experiments on the
physiological effects of these ticks were started, I began
.eolleoting information on the. 1ife history and popuiation
dynamics of the w1nter t1cK in ceqtral Alberta. Th1s
information would ]ater allow me to compare the results of
the phys1o]og1cal experiment to the situation observed ;n,
nature. The life history of D.. albipictus On moose was
determined by sampling the hjdes of freshiy Killed moose and
thén identifying and counting»the;ticKs on these saﬁples.
Once the life history was known, it oo?lo#then be compared

~ with the timing of the hair loss exhfbited by moose in the
spring. The Hypothesis that the-hair loss occurreo when the
ticks were engorg%ng could be tested;'

_The life history.end population dynamics were fur ther
investigated"by examining the\effects‘of tonstant
temperatures on the reprodUctive efficiency, preoviposition
and egg incubation perjoos of D. albipictus while off the -

’



'hbst Populat1ons from different parts of a speCIes range
'often show\d1fferent deve]opmental patterns in response to
temperature)(Campbe11 et al. 1974) The 1nformat1on from

th1s experAment allowed a compar1son of the developmenta]
patterns of BT\alprlCtUS from central A]berta with the
patterns reported in the 11terature_for other populations.
Moose calves experimentally infested with ticks were
used'to'study the’physiological effects of winter ttcks on
moose..Other‘ectoparasites-have been shown to cause anemia,
anorexia, Weﬁght‘loss and biochemtca] changes jh~the host
(see review by Nelson et al 1977). Therefore, this
experiment was Jesigned to test whether D; albipictus also
caused these changes. in moose and if andré&ia occurred,
separate the anorect1c effects from the spec1f1c effects of .

n

th\e tick.
P

;/ Th1s thesis is arranged in"the form of three separate

| papers The first deals with. thewdeve1opment of D.

‘alblplctus on wild moose in E]K Island Nat1ona1 Park
Alberta as determ1ned by examination of moose h1des In it~
I discuss the hair loss observed on moose in relat1on to
development of. the tick. . ' ‘

The second paper is concerned with the effect of three

. [
constant’ temperatures on the reproduction and development of

'

female Qinter ticks and eggs. I discuss how spring and
summer 'weather can affect the populat1on dynam1cs of the

.ttck.



In the laSt paper I investigate the effects‘of winter
tick'tnfestattonton’tne weioht gatns.'hair coat and blood:,
composition of experimentally-infested moose calves. In thejk
final disousston that follows I ekamine the faotors~ ' »
affecting the population dynemtcs of the winter tick and the

possible management imptications of ‘this research.
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'II THE DEVELOPMENT OF THE WINTER TICK, DERMACENTOR

ALBIPICTUS AND ITS EFFECT ON THE HAIR COAT. OF MOOSE ALCES

ALCES OF CENTRAL ALBERTA, CANADA

~ ABSTRACT

L

The"relationship between the life history of the winter.

. . - _ .
tick, Dermacentor albipictus, and late winter alopecia

4

observed in’moose,'AloeS‘alcés, was investigated.-
Examination of one moOse‘hide collected in the Swan Hills
and 27 h1des collected in E1k Island National ParK -t
(E.I.N.P,). Alberta during September-June, 1979-80 and
1980;81 revealed that larval ticks were present on moose in
late September but unengorged nymphs predom1nated the tick

populat1on as early as Oetober. Most nymphs rema1ned

unengorged_untfl ‘after January. Engorged nymphs were most -

prevalent in.the tick population-of hides collected in March =

and April. Unengorged'adults became numerous during"

February March but engorged females were not found until

Apr1l May. No t1cKs were found on. h1dEs collected in late

-May or dune :

) The h1ghest dens1t1es of ticks were found on the,
neck, hump and- shoulders of. the h1des while advanced instars

- were found s1gn1f1cantly more often than expected on the

neck, hump, shoulder; chest and belly. Aerial and ground

surveys of moose in E;I,N.P.‘revealed that moose developed

, e
R )

wy
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- alopecia during the same period engorged nymes and female

~ticks were presentﬁbn'the hides. In addition, hair lToss was

seen on those portions oF'the body where high densities}of
ticks were found.
Observations of ha1r loss on three moose calves™

exper1mentally 1nfested with D. alblplctus and the normgz:f\

moult of the w1nter hair coat on e1ght uninfested calves;bﬂjf“

‘conf1rmed that late winter a]opec1a in moose was a reacti

t
to” the presence of engorg1ng nymphal and female winter

ticks.

INTRODUCTION.

The w1nter t1ck Dermacentor alblplctus ‘is a one- host

t1ck that 1s found on’ its host dur1ng the autumn, w1nter and

“Spr1ng (Bishopp and Wood, 1913). In Canada, moose: (Alces

alces) are. the maJor host far w1nter ticks. During'

‘epizootics of D. alblplctus; there may be averages of -

30,000-40,000 ticks/moose, with" some individuals having over
100,000 ticks (Samuel and’Barker 1979, and unpub')
Many authors have noted that moose, heavily 1nfeited

with D. alblplctus often have hair loss in late winter

‘i(Fenstermacher and Jellison, 1933, Wallace, 1934; Peterson,

1955; Webb, 1959; Berg, 1975; Addison et al., 1979; Samuel
and Barker 1879) They suggest the hair loss is related to .

the presence of th1s tick; however others (RJtcey,and

AN
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Edwerde, 1958'ﬁPeterson, 1977) feel the ha1r loss is s1mp]y

- the spr1ng moult and the presence of ticks is co1nc1denta1

Although several authors have reported the seasonal

~occurrence of D. albipictus (Bishopp and. Wood, 1913; Howell,

1939' Drummondc 1967: .Samue and Barker, 1979), there has"

never been a detailed study of 1ts 11fe h1story onﬂ

se nor
the role this t1ck may play in the ha1r loss. The pre ent

study- was design determ1ne the 11fe history of the
'\

‘winter t1ck on moose in-central Alberta and to d1scover what

'relatlonsh1p ex1sts between D. alblpldtué and the hair loss

. on moose in late w1nter.

MATERIALS AND METHODS !

Twenty-seven moose hides were co]lected from Elk Island

' National'PafK_(E}I.N[P.), during the autumn, winter and

spring of 1979-80 and 1980-81 and'ohe'hjde.(september,.1979)

rfrfem’the Swan Hills (Appendix I). Hides were placed at ;ZOOC,

.'within four-hours of‘eoilectioh.and remained fﬁozen‘until

examined. Twenty4seven hides were sconed with a Scelbel into
100'cm2 squares, then d1v1ded into reg1ons {The hide
collected in dune 1980 was examined grossly, had no ticks
and was not scored for further exam1nat1on ) The f]rst five

h1des were divided into four, approximately equa},eections

while the rest were divitled into eight regions: head (1981

hides only), nec mp,

anus, posterior left, and posterior right (see f1gure 1) ..

anterior left, anterior rjght Hack,
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Approximately 10% of the squares in each region were Chdsen.

~ using a random number table, and sampled; the location of

each samp]e w1th1n the reg1on was recorded. The samples were

digested in 5% KOH at 90°C unt11 the hair” and sKin had

A d1sso]ved°( 1-2 hours): The digest was passed_through\aj#BO
e

.(180 um) sieve. The remains in the sieve were washed “into a

white enamel pan and examined under an itluminated

'magni?ying (2X). lens. Tﬁeks were extracted 1dent1f1ed and"

counted The number of . 11cKs sampled in each reg1on of the

hide was multiplied by a factor dependent on the proportion

‘of the region sampled These populat1on est1mates within

reg1ons were summed to estimate -the total tick popu1at1on on-

- the h1de.

The sam1es from each of 19 hides with little (<10%) or
no hair loss were ranked from the sample with the greatest

density of ticks to the sample w1th the lowest densvty The.

~locations of the three most heavily and three 1east heav11y

jnfested samcles from each hide were recorded‘ For each
region of ‘the body, the null hypothes1s that a sample had
equal probab111t1es of being one of the most dense]y or
least dense]y paras1t1zed samples was tested using a, G test
w1th Williams correct1on for the two ce11 case (n>25) or a
two-tailed exact test (n<25) (Sokal End Rohl1f,. 1981)

The same’tests were performed to determ1ne 1f samplesi
had equal probabilities of havinéﬁhﬁgh or low crOportions of.fi
advanced instars; The three.samplesvfrom each hide

containing the greatest proportioh'cf the most advanced
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instar of tiok and the three contaihing the greatest
préportion of 1eést advanced instar on the hide were used.
" To deterhihe whether the hair loss was related -to the
F

presence of’thjs tick, four hand-raised moose calves were

each infested with approximately 31,000 DL alepiCtus larvae

in October 1980 At regu]ar intervals between danuary and a)'

May 1981, 50-100 t1cks along the neck hump and shoulder of .

each moose were 1dent1f1ed 40»1n£1ar E1ght uninfested moose

calves served as controls H;

‘The retationship betweeQé§a1r loss and‘t1cK development“

was 1nvest1gated further by cgﬁpar1ng deve]opment data from

the hides with surveys of hagr loss 1n the moose population -

at Exl N.P. Observat1ons of ﬁéose were made from the ground

as‘well as from a he]1ooptenwdur1ng the w1nter and sprlng of_

| '1980 A d1agram was made of ﬂf’\-moose.showlng the extent of

the-ha1r,1oss.

RESULTS

The development of Dermacentor alblplctus on moose
1ncluded larval and adult stages of short duration and a’
'nymphal stage of long duration (F1gure 2- and Appendix L).

' Larva] D. alblplctus were found on moose from late September

i (when moose were first collected) to November. They engorged

‘and moulted into\nymphs which,predominated the population
-from'October until'the end of February. Mest of the nymphs - -

remained uhengorged and, aooarently, in diapause until.
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January, when a. few nymphs began to engorge. PeaK
engorgement occurred in March or Apr1l A very small
proportion of engorged nymphs were found on moose in the
autumn..Although adult females (less than 1% of the“
populationl and males were found in very small'numbers asd
early as September‘ theylbegan to appear in substantial;
numbers dur1ng February The males accumulated on the host
and reached peak proportions in early May In contrast
females accumulated during February and March but engorged
and dropped off from late March to early May. '

One of the four moose.calves,infested with'D.l
albipictus died (as the resultaofran accident)'early'in’the
experiment but the‘remaining’three.calves.exhiblted var ious
degrees of premature winter hair loss. Haﬁr loss\began:in
danuary and ranged from moderate (on neck and shoulders) to
very severe (1nclud1ng necK hump, s1des, shoulders. back
- and per1anal reg1on) by May (see f1gure 2, Chapter IV). Hair
loss was primarily the result of extens1ve gr00m1ng and
rubb1ng (deta1ls to be publ1shed elsewhere) by the moose
| which resulted in the ha1r being broken to a length of
approx1mately 25 mm. In some reg1ons (hump ‘and shoulder) the'.
ha1r fell out or could be eas1ly pulled out by the roots
Control an1mals groomed very l1ttle or not at all andbshowed
no hair loss of th1S;nature» Shedd1ng of w1nter ha1r was
clearly distinguishable, in time of occurrence and sequence,
from tick-related alopecia- Control an1mals began the spr1ng

moult in late Apr1l early May
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-The,progression«of hair loss on‘the experimental
ahimals'was associated:Lith'the deVelopment of D.
albipictus. Hair loss was first seen when nymphs began
engorging and became more extensive as a greater number of
~ nymphs .and, later, females engorged (see figure 2 and table
I, Chapter'IV). The progreSSion and locations of alope01a on -
'eXperimental calves (figure 2, Chapter IV) were similar to
patterns observed on w1ld moose (Tables I and II)
| Highest densities of ticks occurred 51gnif1cantly.more
often than expected}on the necK hump and shoulder, (p<0. 001)
and less often than expected on the back and face (p<0. 025)
of/the hides examined (tabje II1I1). In addf!‘on greater
o proportions.of advanced instars occurreg. on the neck, hump, .
shoulder, chest ‘and belly (p<0.025) and greater proportions
of immature instars on the legs and Sides of the hides

(p<0.001) (table Iv).
' DISCUSSION

The tlmlng of development for D. alblplctus described
here differs very little from the predictions of Samuel -and
Barker (1979). They speculated that moose became infested in
October,. but 1t is now apparent that moose can become
infested at least as early as September . This fits well with
the reports of Wilkinson (1967) th%t larvae asoend the
vegetation sometime before Septembér 13 and as late.as'

October 3-6, and Addison et al. (1979) who found ticks on
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;' 3
moose of 0ntar1o as early as September

;

An unusual feature of the present study was the
presence of a few engorged nymghs and unengorged adutts in
‘SeptemberrNovember. D. albipictus can take as little as 21"
days to comptete the barasitic phases of_its life cycle
(Drummond'et.al.,v1969), but in Atberta the nymphs usually
gb'intotdiapause from September to danuaryrFebruary and
.adults appear- in February March (Samue] and Barker, 1879,
and this study) Poss1b]y moose acquired some 1arvae in
early September'that developed directly into adults without

ia nymphaljdiapauset However, some nymphs and adults, which
were‘removed-by the-host during grooming the”previoys
spr1ng, may have surv1ved the summer to acqu1re another host
in the autumn. No engorged females were ever found before =
V'March,,1nd1cat1ng that early adults_e1ther died or waited
until spring'to engorge. : | | i

The t1m1ng of the life cycle in Alberta is. d1fferent
from that descr1bed for the winter t1ck in the southern and
western parts of its range where the nymphs do not go into _
‘diapause. ‘In California,=Dr'albfpiqtus can,comblete.at,least‘.
two generat1ons each w1nter (Howe]l 1939)’ whereas in Texas
(Drummond 1967) -and Vancouver Is]and British Columb1a |
(Cowan, 1946) it completes-one'generat1on, w1th»adults

‘broninent in December-and the-animals free of~tickslin
March. | | |

A nympha] d1apause appears to be a successful strategy

for northern one- host winter t1ckst In the Sov1et Un1on the
U .
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nymphs of Hyalomma scupense also go into diapause from
November to FebFuary (Pomerahfzev; 1959) . ‘Perhaps the .
success of this strategy is due to sub-arctic ‘animals being
oh their lowest plahé Qf,nutritfon in late wihter and spring
when food is less available. Gladney et al. (13973) found
that steers on low protein’diets consistently allowed more
Boophilus annulatus females to engorge than‘steers on high
protein diets. In addition 'to tHis, steers on low protein
diets groomed 1es§wvigqrogsly than steers 6n h%gh protein
diets. 1t may beﬁédYantagedﬁs then for nymphs of one-ﬁost‘
ticﬁs in northern climafés qufeed in Iaté wih}er when tHe
host is on a low nutritional b]ane.‘This may ensure greater
success for Ihé nymphs gnd, lateﬁ, the adults. .

| There may be.énother reason for D. albibictus nymphs to
g0 int; diapause. Aloﬁecja on expérjmentgl énima]s was first
noted when nymbhs were beginning tovfeed and became more
extensive as more nymphs and, later, fehaies engorged. This
was‘also seen in the wild. By qpmparing the 1980 hair,]oss‘
surveys (table I) with the ticK'deVelbpment data froﬁ the
, 1980 hides (figure 2) one sees that a few moose had.hair
ioss'in danuary-FebruaEy'when the nymphé were'beginning to "
engqrge..As greater proportioné of engorged nymphs werev'
found in the tick population, .more moose'ghowed hair loss.
In Apri]-Méy, the adu]t-ticks were engorging and 95% of the
« Toosé'observed had hair loss. It is. evident that alopecia is
associated with nymphal and adU]t engorgement. Thus, a |

nymphal diapause ensqbes,fhat the moose sdffer hair loss'in‘\
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late rather than early winter. This could be significan$
because an animal with alopecia in eariy winter might not
survive to spring, when the adult ticks must feed.

-The association between alopecia and nymphal and adult
“engbrgement was elso eQident in the pattern of hajr‘loss on
moose. I found the highest tick densities on the'necK, hump
and shoblders of the hides examined. Also, I found the most
advanced instars on the heck, hump; shou]der} chest and
~belly. This distributioh of ticks eéincided with the
locations of the hair 10ss on the moose observed in.the park
(table II). '

Tick-related alopecia is not common but has been
reported for humans infested with Dermacentor vahiébilis
. (Ross and Friede, 1955), cattle infested with Boophilus
microplus (Rfek 1956; Qorrier et al., 1979), and B.
calcaratus (Ant1p1n et al., 1960) and sheep 1nfested with
Hyalomma transjens (N1etz, 1959). Premature loss of winter
hair must affect the thermoregulatory capacity of moose.
This problem could become severe in late w%nter'when food js
~less evaileble; However, the extensive grooming that causes
the hair loss a]se gets rid of many ficks (Snowbal] 1956) .
In years of high tick popu]at1ons, the stress assoc1ated
.with the hair loss may be less than the stress assoc1ated

with b]ood loss to the t1cks



TABLE I.5Pfogression of hair loss on moose in Elk Island National Park

during 1980.

]

-

amount of percent of moose observedwwith alopecia

hair lost - Jan. Feb. Mar. . early late April-
) ) S April early May

(n=23) (n=99) . (n=99) (n=22)  (n=2l)
little (<10%) ' -

or none 78 . 84 -6l 9. - 5
fsome : v _ S _
(o-202) . 17 15 . 38 91 52
) mdaérate. . : ~ Co
(30 402 ' -4 1 1 0 33
severe - ; ‘ ‘
(40-807) o 0. 0 0 . 10

.'”tatal percent’nf
‘moose observed. :
with 210%Z hair loss: 22 . 16 39 . 91 95
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TABLE II. Location of hair loss on moose.in Elk Island National Park

‘ dur%ng 1 January to 30 May 1980 and 81 as detérmihed by aerial survey

A ' - . .
and examination of hides. Shown 1s the percent of the alopecic moose

. observed with hair loss in various regions of -the body.

3

>

region'of body , . percent

: Jan. Feb. ‘Mar. Apr. May

(n=9) (n=19)  (n=41) (n=41)  (n=10)
'shoulder 89 74 68 85 100
neck : 11 32 56 56 80
~ hump | 44 10 20 29 80
anus and genitals 1 0 7 37 70
chest and belly 0o 10 15 5 30

ear ' 0 0 0 7 30|
side o .0 12 20 20
“back SN 10 17" 10
rump 0 "0 2 7 0
head. 0 0 0 | 10~ 0
flank 0 0 2 0

leg - 0 o 0 0
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TABLE III. Preference of g,lalbigictus for different parts of éhe;body

(based on 19 moose hides with 1little (

'

(10%).or.no hair loss).

.9
regionlof the body - . "nUmbeerf samples . Gadj; exact
. most infested least infested 1 df. test (p)
neck, hump ;shoulder 21 4 12.425%kx -
.chest and belly 7 9 o 0.8036
back 2 11 - 0.0224%%
face 0 8 - 0.0080%*%*
leg 8 15 10.2100
anus ‘and genitals 10 3 0.0922
side | 7 16 0.0932
- rump and flank 3 9 01460
(hump and shoulder) | 8 1 0.0390*

- *significant at 0.05 level
Tk significant at 0.025‘1eve1 _
*%% significant at 0.001 level



TABLE IV. Body regions containing the greatest proportion of the most

advanced or least advanced instar of D albigictus (based on 19 moose

¥

hides with little (<102) or no hair loss)

exact

s

21.053%**

region of body number of samples Gadj

most advanced least advanced : test (p)

1df. :
instar instar .

hump and shoulder 13 3 0.0212%*
head 10 8 0.8144
anus, -genitals ' :
rump and flank 6 12 0.2378 .
chest and belly 20 . 6 7.803%% ,
neck ’ 14 3 o . 70.0127%%
back ) 4 9 0.2668"
‘leg 5 .36 126, 114%%% '
side 4 }@

* significant at 0.05 level

| xx significant at 0.025 level
*%% gignificant at 0.005 level
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" Figure 1. Moose hide divided .into seven regioﬁs; (ar) anterior right,

(nh) neck-hump, (al) anterior left, (pr) posterior right, (bk) back,
(pl) posterior -left and.(a) anal region.. 4
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‘ I11. THE REPRODUCT IVE EFFICIENCY,‘ﬁREOVIPOSITION AND
INCUBATION PERIODS OF DERMACENTOR ALBIPICTUS HELD AT THREE

CONSTANT TEMbERATURES

ABSTRACT 3

Reproductive efficﬁency,lsUrina]?of éégs,
preovipoéitibn and egg ihcubation_periods Qé'the winter
‘tick, Dermacentor albipictus (Packard) of central Alberta,
Canada weré studied at three COnétant temperétureé; 190, 250
and 306C,at~> 85% RH. The reproductive efficiency}iﬁhex (no;
eggs/ g female) increased with decreasing tempéfature. The -
total number of eggs produced per Fema]e was positively
correlated to the engorged weight,of the female at 19° and
25° but not at 30°C. Both preovipositioh¢and.egg incubation
pe}iods were negatively cofrelated td temperature. The |
linear régression éf development rate on temperature was
used to estimate a lowér threshold of ovipositioﬁ_a?\15.1°c.
The average percent surviva'l of—gggs (no.blarvaé/total ﬁo.
of egés/female) was 93.6% at 19°Tand 97.0% at 30° but was
not measured at 25°C. The high reproductive éFficsehcy pf
these ticks at lgw temperatures probably reflects the .

northern latitude from which this tick population was taken.

e
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INTRODUCTION .
The winter tick, Dermécenton.alblpfctus,,can'be a
serious paras1te of moose (Alces alces), wapitt (Cervus
elaphus) and free rang1ng horses and cattle 1n Nor th Amer1ca
(Cameron and Fulton, 1926-27; Fenstermacher and de111son
1833; Love, 1955; Peterson, - 1955; Berg, 1875; Samuelland
Barker, 1979). Recent epizootics of the¢Winter tick in
Alberta (Samuel and Barker, 1979) and Ontarto (Addison- and'
Smith 198t) have been associated with the deaths’ of moose.
These epizootics have drawn the attent1on of wildlife
manager$ to the 1mportance of Knowing the populat1on
" dynamics of D. alblplctus and develop1ng management
techn1ques to control these t1cks
D alblplctus is a one- host species in wh1ch
oviposition and eqgg 1ncubat1on occur on the ground during
the4sprtng and summer. A KnoWledge of how temperature
_affects the deve]opment ‘and reproduct1ve eff1c1ency of D.
alblplctus while off the host is essential to |
understand1ng the popu]atlon dynamics of this t1cK This. is
partieularly true in the -higher latituydes where the da1ly
: temperatures during the relatively short summer may be the
, crttical factor determintng.the_success of oViposition and
the proportion of eggs that hatCh.'Fem studies have examined
the eftects_of tempenature on the development of D.
albibictus Howe]t (1939) and Drummond et al. (1969a5
. examined the effects of constant temperature on the

+

deve]opment of winter ticks from southern parts of the
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tick’s range (California and fexas,'respectiVely). while

' Wilkihson‘(i967) and Addison and Smith (1981) looked at more
northern tick populations (British CoJumbié and Ontario,
respectiyely).‘quever, populations in different parts of a
specfes rangé can show aifferént dévéﬂopmental patterns in
'résbonse Ié temperature (Cémpbel] et al., 1974). Therefore,
developméntal patterns repéffed'in thelliterature may not
hold true.FoF local populations. - - '

I was able to examine the effects of temperature on the
development and reproductive efficieﬁcy of winter'tipks from‘
a northern pOpu]at%on and ' to cohpare the developmental
pattern with that of winter tické in other geogféphic .
.locations; These ticks,icoliectédAin ééntral Alberta, were

-

. from a more northern population than any studied previously.

MATERIALS AND METHODS

In thé:spring'of i980, unengorged aﬁd engoﬁgedbfemaTé
D. albipictus were removéa'from hidesﬁéf freshly-Killed
moose, colléqtéd'in Elk Island National Park, Alberta.
Unengorged -females were allowed to gngbrge dn rabbifs
(Oryctolagus cuniculus) . These,. énd the ;1most
fu}ly?engorged females taken djrect]y from the moose, were
maintained in the ]aboratory,‘alldwed to oviposit and the
larvae were used to infest tame moOSé calves in aufumn,

1980. . : , .

N

-
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The calves were housed outdoors and the ticks completed

their‘life cycle as theféwould in the wild. From 26 March- 2

‘ Apri], which appeared to be during the peak of female tick
drop-off, the pens were inspectedJEaily and all engorged .
females that were on top of the straw bedd1ng were removed.
The daily temperature during th1s time did not,exceed 10°C,
and the'females were inactive when collected. I assumed that
‘because the females were inactive, those found on top of the

-strawhbedding had dropped from the moose during the;previous.
2@ hours.. o A | ’ » . |

' Théyengorged females were brought to the laboratory,
carefu]]y washed, dr1ed and we1ghed on a Mett]er analyt1ca1

~~halancé to . the nearestéa 1 mg. They were then housed
1nd1v1dua11y in c]oth covered glass jars.and 1ncubated over
water (>85% RH) at 180 (n=25), 259 (n=27) and 30° C (*1°
C)(h=26). The ticks at 19° and 25° C were Kept under a J
12L:1ZD diel c?o]e Whtte those at 30°C Were Kept in‘cohstant

: darknees. The desiccators containing’the glass jars housing’
the ticks were covered with cotton c]oth; this minimized the
intensity of the light reaching the ticks.

‘_The ticks were examined daily. Qvipos‘tion‘and tarvat’
eclosion were recorded. Females were allowed to oviposit and
the larvae to hatch undieturbed ‘ | |

" Live larvae and unhatched eggs were counted ln»
September This was done by brushing clumps of 1arvae onto
white filter paper in a petri dish, then'suokihg them gently

into a small glass‘jar attached to a vacuum. lLarvae were

S,
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~counted in groups of five as they were sueked into the
bottle. This a]leued an‘accurate count of the larvae,
without damagingithem. Theee'larvae'were then used for
experimentad] infestatibne * | |

/
The relat1onsh1p between temperature aL

dur1ng preov1pos1t1on of D. alblplctus was esth ed UEing a

linear functhn tCamegll et al., 1974)L Deve]qpment rates ‘ *\\
were obtained'by takKing the.reétprocals OthhegdeVeIOpmental '
period (in days). The equation Rt;a+bT._where a ahd’b are
f’empirical constants ealeutated by .the least sum of squéres
me thod, Rt»is the development rate and T is the temperature
in °C, was used’ to est1mate the 1ower threshold temperature
t=-a/b. The deve]opmental per1od K, expressed as the number
"of degree days above t requ1red»fo comp]ete deve]opment was |
ca]culated as the reciprocal of the slope b.. Campbe]l et al.
(1974) discuss the,prec1s1on(of these estlmates A t-test

was used to test whether the skewness and’KurtSS1s of data -
deviated s1gn1f1cant]y from 0 (normaiity) (Sokal anp Roh]f,~ ‘
1969) . - | . "

RESULTS

The average weight of 111 engorged female D..
albipictus, dropped from moose, was 0.609 g (SD=0.139). The
weights of females and the number of eggs laid by each, were

distributed normally at all three temperatures. The number
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vBecause of the non-normal nature of the hatch data at .30° ,
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of eggs Taid'wasdposither correlated with the weight of

the female at 19° and 25°C but not at 30°C. The survival of
eggs and larvae was high.at both 19°land.30°.but was not
measured at 25°C.9TheAreproductiveAefficienCy'index

(R.§ﬂ1.=no. eggs/g female) was highest at 19°C and lowest at

'300¢ (table 1). o

Preov1pos1t1on per1od ‘in days,'was’distributed
normally for each-of the three temperaturee. Incubation>
periogs were distributed normally at 19° and 250 but, not
30°C. Both predvipdsition and incubation perieds”weré;
signd ficantly correlated with temperature.(table I1)

L 2

1inea% regression was not performed'for the relationshtp of~
temperature to development rate during incubation.-

The linear regress1on of deve]opment rate of egg .
maturatlon w1th1n the female, to. temperature 1s g1ven by
the equation 1/P=0.02487-0."1884, where P is the
preov1pos1t1on period and T is temperature in.°C. The ‘

threshold temperature for development was calculated\as

15.1°C and. the degree days (k) as 80.1 degree days.

 DISCUSSION - c/

9roductiv1ty

The average we1ght of D. alblprctus females in th1s

— ~*“" study (0, 61g) was higher than that of engorged -females from:
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moose- in Ontario (0.47 and 0.40g) (Addison and Smith, 1981)
and cattle in Oklahoma (0.28g) (Barker, pers..comm.)yor
.Texas (0.42g) (Drummond et at , 196%a), but slightly 1ower
than that of engorged females taken from mule deer 1n New
Mexico that were fed on oattle tO.GQg) (Ernst and G]adney,
“1975)P The lower weight:of female ticks.fnom moose in
Ontario is 1ikely.because in that‘study both partially and
fully engorged ticks were used. Thevlower weight of the
ticks from catt]e in Texas and OKkTlahoma may reflect either
the re51stance of the hosts or local poputation dwfferences
in the size of the ticks. |

The number of eggs laid by a female tick is strongly
corre]ated to her engorged weight (Snow and Arthur, 1966;
Sweatman, 1967; Sweatman, 1968; Drummond et al., 1969a,
1969b; Drummond and Whetstone, 1970; Drummond et al., 1971:
Campbe]lfand’Glines, 1979; Campbell and Harris, 1879; Davey
et al., 1980; Addison and Smith,ﬂ1981t. However, this
correlation breaks:down at extreme temperatures (Campbetl
and Glines, 1979; Campbell and Harris; 1979). In this study,
female weight was correlated to egg numoer at 190 and 25°
but not at 30°C. At 19° and'25° C, the average number'of
‘ ”éggs'per'female (table I) was higher than anyloreyiously ‘
‘ reported for this tick, while at 30° C, the average was |
‘ cOmparable to'those reported by Drummond et al. (1969a) andf
_ Howe 11, (1939) at 270 C and 26.6° C respect1ve]y -
. It is. d1ff1cult to assess the effect of temperature on -

female product1v1ty w1thout el1m1nat1ng the 1nfluence oF
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engorged weight. For this reasony‘it is convenient to
»combare the reproductive effieiency_index-(R.E.I.), equal to
the'nuhber of eggs per gram_of female engorged weight
(Drummond and Whetstone, 1970) rather than the number of

- eggs laid/femate This value can be ca]cu]ated directly from
the data or can be predicted from the regression of number
of eggs on engorged we1ght _v

Although the average number of eggs/female wtnter tick
in this study was higher than previous]y reported, the
average R.E.I. was lower than those in the literature (table
IIl). In addition, the ]iterature suggests that the maximum
reproduct1ve eff1c1ency is found at 260 C rather than 190 C:
as was. found in the present study These differences may
reflect the fact that the ticks in this study are from the
most northern winter tick population examtned and may be
better adapted for cold climates, bUt‘gt may also reflect
differences in methodo]ogy Addison.and Smith (1981)
estimated. the total egg number by mu1t1ply1ng the we1ght of
the egg mass by the average egg weight. They d1dn t ment1on
if the egg weights were distributed normally. 'Consideringl
the range in the we1ghts of the eggs they measured, there is
"a very large marg1n for error.

The ability of the winter t1cK from A]berta to
reproduce more eff1c1ently at Tow temperatures is shared
with Haemaphysalis}Ieporispalustris, but not Dermacentor »
variabilis, from Nova Scotia (table III)..It is likely this |

ability that allows D. albipictus and H. leporispalustris to



~ extend further north than D. variabilis (Bishopp;aﬁﬁ _f
-_Tremblay; 1945; Wilkinson, 1967; Sonenshine, 1979):

| 'The average R.E.I.'s reported here for the winter tick
are lower than R.E.I.’s calculated from the 1iterature for
most other species, buf’are most comparable to those of D.
»variabilis Perhaps, Dermacentor reproduces less efficientlij
thah other. genera,.or\populat1ons of D. varlabllls in Nova /
,Scot1a (Campbe]l and Harr1s, 1979) and D. alblplctus in
central A]berta may have sacrificed reproduct1ve eff1c1ency
for hard1ness, in order to -exist so near the northern limits
of their d1str1but1ons. ‘ o :
‘ D. albipictus'fema]es drop from moose in Alberta from
late March tO'early May (Samuel and Barker, 1979 and Chapter
I);‘The'average mean daily temperatures for March, April and
May (at the Edmonton>lnterhatfona1 Airport) are -7.20,. 2,89
and 10.00 C, respect1vely (Alberta Environment, v4974)‘ |
Females are,,thqgéfore under selection to develop eggs at
Tow temperatureSaiThethgh reproductive efficiency at 199-C
testi%ies to thfs;‘As well, the lack of correlationAbetween
fehale engorged weight and number of eggs at 30° c 5uggesfs
that the upper_limit of temperature tolerance is lower thaq
that of other tchs. The correlation of eggs to weight does‘
not break down unt11 a temperature of 35° C is reached for
" both D. VaPIaDIIIS (Campbell and Harris, 1979) and H.~
leporispalustris;(Camppe]1 and.Glines,.1979). . | N

The eggs, en the .other hand, incubate-during'the summer |

and would be selected for survival at hjgher temperatures. e

\ -

AT e, LT L
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The very 'high survival at 30° C indicates that this is well
within the range of temperature tolerance for egg
: A

development

No worK has been done .to determine the effects of
lrelat1ve humidity on egg sur¥1val of D. alblplctus However
the high survival of eggs and larvae 1n‘th1§ experIment -
indicates"that'>85% RH is a'favorable'range. Several ixodid
.tiCKs require high humidity for egg survival{ Ixodes ricinus
requires >80% RH (MacLeod, 1935; Czapska, 1967, D..
variabilis, »65% RH and Amblyomma americanum, >65% RH
(Sonenshine and Tigner; 1965). Since female D. albipictus
prefer relatlve humiditiesvhigher %han 85%-(Howell 189397,

it is poss1ble that egg surv1val or development is impaired

at hum1d1t1es less than this. v' ' -

.Development

Although some authors have recorded preov1pos1t1on and
1ncubat1on per1ods for D. alblplctus at unspecified: and ’

fluctuat1ng temperatures (Bishopp-and Wood, 1913; Patr1ck"
and Hair, 1875), most have"recorgéd/these periods at ‘

constant temperatures (table IV).

The preov1pos1t1on and incubat :r{ods reported in

the present study are d1?;erent from ose in'the literature
and there are several possible reasons for thls. The
preovipoeition periodslreported by Wilkfneon'(1967) are much
'shorter than those of this study or of AddisOn and Srﬁth
(1981),. because Wilkinson Kept the females at 100 C for 12

" weeks before start1ng the exper1ment He~found that females
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» | .
woqu oviposit at 10° C. Therefore, the ticks must have
'undergone deve]opment prior to the exper1ment

At 25° C, preoviposition of ticks in th1s study was
shorter than that found by Add1son and Smith (1981) at 260
C. Those authors however, Kept the ticks at 30-50 %RH and
such low humidity might have affected the deve lopment .

Differences in methodo]ogy(can explain some of the
differences bdt'not.aTl.clhcubation of the eggs took longer‘
at 250 C'(but ehorter—at 300 C)" than reported by other

'authors The relat1ve humidity was similar in all

- exper1ments and é]be1t different photoperiods were used,

these d1fference§\9anﬁgt adequately explain this variationt
Wrtéht‘(19693)»fouhd no effect of photeperiod on the
incubation time of Dr\a]bibiCtus.‘Furthermorel photoperiod
‘has been shown to affect only the\length amd pattern of
oviposition (Snow ‘and Arthur, 1966}1Wright, 1969b) not the
size o?.the eviposit (Wright, 1968b; Bennett, 1974) er the
preoviposition period of ixodid ficks {Wright, 1969b). The
ticks used in the;e verious experiments‘eame from vastly
different localities and cl1mates and have been subJected to’
d1fferent selection pressures. Many of the developmenta]
differences previously d1scussed llkely evolved 1n response
to the various cl1mates | /”

—~
. The threshold temperature of: ov1posttkon was calculated
s
as 15.19° C. A]though~th¢s’T” ot ‘a biological threshold at
which no oviposition will occur, it is a point at which the

linear function of development rate to temperature has lost -
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any meaning'(d‘ﬂbbell et al., 1974). Near the threshold’
preov1pos1t1on perlod does not change as greatly }n res;onse
to temperature as it does in the linear port1on of the-
curve. In addition, one might expect“ottferential mortaﬁity
~at or below the threshold as well as a,losslof correlation
: hetween egg number and female engorged weight.

On average, near Edmonton, only July and August have
mean daily temperatures above.thisﬁthreshold (Alberta
Environment, 1974). The fact that these ticks can persist in -
such an environment‘tmplies‘that‘fjerce selectibnhhas
occurred for individuals that oan devejop and oﬁiposit at
these tembératures Indeed, Wilkinson (1967) ?ound‘that
w1nter ticks from Br1t1sh Columb1a could ov1pos1t “at 10° and'
15° C but that eggs would only deve]op at 15° C. gﬁ

. The fact that the maximum reproduct1ve eff1c1epcy 1n
‘4th1s exper1ment was found at a temperature so close to the
theoret1ca] threshold and that in nature these ticks must
develop at temperatures near or below this'thresho]d
suggests that central Alberta 1s very close to the . northern
limit of d1str1but1on ‘This cogroborates WV1k1nson s (1967)
cla1m that 60° N (theﬂﬂ/beffa ﬁ§¥ T. border) is the northern
‘11m1t of D. alblpfctus _ ' .

Specyes.at(or near the edge_of their distribution
develop under preoarious oonditions. It is possible that
during some‘years, in centrai and northern Alberta, average
daily temperatures are Tow enough that few or no larvae are

able to hatch. Conversely, s1nce max1mum reproductlve

@ -
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efficiency oécurred et 49 C above the theoreticat threshold,
an inerease[ef only a few degrees in the average daily

' 'teﬁbétatuﬁé{during the spring and early summer could allow
the tick population to increase dramattcally o

'i\ Certa1n]y more 1nformat1on is needed in order to
understand the development and reproduct1ve efficiency of
these ticks under natural cond1t1ons. Information on
deve]opment at temperatures below 19¢ C and fluctuating
temperatures near the theoret1ca1 threshold is needed before

any models can be generated td predict development and

reproduCtibn of this tick in the field.
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TABLE TI. The pregviposition period (days) and the time from first egg to
first larva (days) at three constant temperatures. Pearson's correlation
coefficient r is given 'as a measure of correlation between developmental
perfod and temperature. ‘ ‘

iy B , | R
developmental : - temperatgre -
period = . 19° - - 25° ,30° r
preovipositfon /. ‘, - -
-mean 21.3 - 8.7 5.6 ~ -0.871
oo ) - 0 £
S.D. “ 4.88 -~ 2.09 - 1.32
. &
range 14-32 5-12 3-9 - ,
incuBétion of )
egegs s ) ’ -
. mean . 68.5 41,5 24,3 ~0.991
S.D. 2.45 1.58 . 1.85
range C64~73 39-46 21-30
sample size o :25. 27 26
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TABLE III. Reproductive efficiency index of several %;odié ticks.
specles : . R.E.f; JOC . authors
Dermacentor L L ) | .
albipictus . 7621 | 22 . Addison and Smith,‘1981
. 9240 26 ' " |
8778 27 Drummond et al., 1969a
D. variabilis 3266  15.0  Campbell and Harris, 1979
R 6550 20.0 . "
7037 | 25’6 "
7037 5, | .
8057* ~ 27.0 Drummond et al., 1971
6938 29.7 ° Campbell and Harris, 1979
. . “» .
2334 . 35.6 "o '
Haemaphysalis | ) _
leporispalustris 3713 . 14,7 . Campbell and Glines, 1979
oo . %70 19.9 " ' v
I9386 - 25.2 "
T 8439 29.7 : o
4545  35.6 " o
Rhipicephalis
sanguineus : o 11214 20-30 Sweatman, 1967 .. .
Boophilus microplus 12543 27 ‘Davey et ‘al., 1980
Hyalomma aegyptium - 7075 - 20~35 .  Sweatman, 1968
Anocentoy nitens | 9919 30  Drummond et al., 1969b
Amblyomma maculatum 9721*% 27 Drummqnd and Whetstone,

‘ 1970 -
j

. r i . . h
* These R.E.I.'s were reported in the literature. All other values

were calculated from the regression of number of eggs on engorged
weight of undisturbed females



‘TABLE 1IV. Deﬁelopment of D. albipictus at cdnstant temperatures.

.

‘temperature 'pr vipositioﬂ incubation -‘ authors
°c ’ (days) " (days)

“15 6~34 151 Wilkinson, 1967
' ’ v. little dev. Howell, 1939

20 . 6-8 . 57-62 Wilkinson, 1967
' 56~60 Howell, 1939
2 9-18 . 22-52 Ad?isbn and Smith, 1981
: W
25 2-3 - 34-39 Wilkinson, 1967
36 Howell, 1939
26 - 10-11 30-34  .iddison and Smith, 1991
A0 ‘
27 . 8-26 - 24-27 Drummond et al., 1969a
' 28-30 Howell, 1939
! o ) 30-35 Wright, 1969a
30 2-3 ‘ 27-29 Wilkinson, 1967 °
' 29 Howell, 1939 "
35 -3 . '27-39  Wilkinson, 1967

20 Howell, 1939

b
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IV. THE EFFECT OF DERMACENTOR ALBIPICTUS (ACARINA:IXODIDAE)

ON BLOOD COMPOSITION, WEIGHT/QAIN AND MAIR COAT OF THE

' ' MOOSE, ALCES ALCES.

ABSTRACT ‘ A

4

The physiological effects of the winter tick, _
Denmacenté;méiblplctusx(Packard), on, moose, Alces alces
‘wiwere 1nvest1gated The blood comp051t1on\\we1ght ga1n food
intake and change in the ;alr-coat of four Méose calves,
each exper1mental]y 1nfested with 31 000 D. alblplctus
.1érvae, and eight un1nfested moose calves were monitored.
One infested animal acc1dently d1ed ear]y in the exp;r1ment
and showed no clinical signs associated with the
infestation. The three remaining infes?ed moose devéloged
moderatévt0'very.severe'aTBpecia because of their extéﬁsive
groomipg, apparently in respdhse tb feeding nymphal and ‘
adult ticks. No uninfested animals developed alopecia. -

The infested animal with the least amount of hair loss
(30-40%) suffered the most severé clinical signs: chronic
weight loss, anemia, hypoa]bumenemia, hypophosphatémia and
transient decreases in serum asparfate transaminase and

'calcium during the~period of nymphal and female tick

engorgement. The animal with intermediate hair loss (60%)

54
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only/suffégéd mild transient anemia dﬁring the period of .
nymphal engorgement. The'animalxwith,very severe hair loss’
(>80%5 did not suffer anemia but bec?meTVery weak and was
Ri]]ed.-POSt-mortem examination revealéﬁ mild glomerulitis
and mild subacute vasculitis of the heart and lungs, |
possibly as a result of immune complex disease. InfgStedf
animals did‘pof becoée anorexic. THe two moase calves&with
more fhan 50% hairkloss-had incfeases,in gamma globulin
shortly after the onset of.fémale ehgobgemeqt, wheréas thg
~animal with moderate‘hair los§ did not. - -

| Thes§<pe§ults suggest hair loss may be.gssoéiated with
Ctick resfStance. Animafs that groom and develop Hair i6SS
likefyucérpy'fewer tickgfand therefore sgffer\less severe]y\ .
ffom blood loss: | | ]

INTRODUCTION

e
! .

Tﬁe'éffeét of £icks on their host is complex. Several
aufhors‘have‘showh that ticks, in heavy infestations, can

. cause-anemia and reduced weight gain in the host (Jellison

and Kohls, 1938; Riek, 1957a; 0'Kelly and Seifert, 1969; 3
11970; Gee et al., 1971; O'Kelly et al., 1971; Seebeck et . .
al., 1971; Williams et'al., 1977; 1978; Corrier et al.,

1979; Rechav et al., 1980). One species, Boophilug\‘\~;“,f*‘—:’/
microplus, has(a1so beenlshqwn tdibause_anorexia (Seebeck eg; s
“al., 1971) and biochemical changes in the serum‘bbmp8§§fionir

N
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of cattle (0'Kelly et al., 1871). Seebeck et al. (1971)
v estimate that tick-induced anorexia is responsible for 65%
of the reduct1on 1n body we1ght of cattLE infested with B.
mlCPOplus while 35% is due to the Spec1f1c effects of the
tick. . ' )
, N .
In addition to the system1c effects resu1t1ng from
'uheavy tick 1nfestat1oos and the loss of blood the effects
of t1cK bite can be: dermatosis, pain, 1tch, urt1car1a1

: v M
'(swelhngr subcutaneous hemorrhage necros1s, ulcerat1on, -

alopecva, secondary Tnfect1on and anaphylax1s (Marshall,
1966; Pearn, 1977)V~T1ssue destruct1on associated with
Amblyomma amerlcanum 1nfestat1ons have caused blindness and

ﬁubsequ&t%%th Khxte tailed deer (Odocoileus

, vmgmianus) fawh .%;@fott al. 1970) As well, the
.x_,'l . sal1vary secret1onsso¥l;o;; t1cks are tox1c and can result
’ﬁ 'ﬁ“§§t1n paralys1s or other ﬁprms of - tox10051s of the host (Nelson
et al., 1975). L R ' ’
Like other ticks, ‘the winter fick (Denmacenton
alblplctus) is thought to cause anem1a (Fenstermacher ahd
'dell1son -1933). Alopec1a has also -been reported 1n . moose

" (Alces alces) heav11y ﬂﬁfested w1th winterg ticks "
(Fenstermacher and de]11son 1933; Wallace, 1934 Peterson,

) 1955; Webo, 1959; Berg,’1975 Addison et al., 1979; Samuel
and Barker, 1879) but some-observers‘(RitCey and Edwards,
1958; Peterson, 1977t1fee] that alopecia is actually the
’spring;moult and.the presence of ticks is coincidental.

. \.'\ )
Horses, heav11y infested with D albipictus, somet1mes
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suffer'an edematous condition known asl“water belly”
(Diamant and Strickland,'1965) but this condition has not¢
been reported,  in wild hqq;s Veﬁy l1ttle is known about the
effects winter t1cks have on their host al\Aough outbreaks
of thws tick have been associated with’ the deaths of moese*<

(Bruce, 1927; Webb, 1959; Berg, 1975; "Samuel and Barker,

1979; Addison apd Smith, 1981), wapiti (Cervus elaphus) .
(Love, _1955) dnd free-ranging horses and cattle “(Came: on and

Fulton, 1926- 27) '

The purpose of this study was ?z determine the ; &z_ﬂ

physiological effects winter ticks have on moose. ;
N\

Hand- reared moqﬁi calves were exper1mentally infested w1th
D albiplctus laﬂVae and held on a high plane of nutrition.

The food 1ntake we1ght gain, hematology, serum chem1,str'y»m -

and change in ha1r coat of 1nfested and un1nfestedﬁ&oose
were carefully mon1tored A spec1f1c goal of the experiment
was to separate poss1ble_anorect1c effect; 1nduced.by the_
tick from the specific effects of the tick. " [

4

MATERIALS AND METHODS

NeOnatal moose were obta1ned as orphans durlng late May
and early dupe of 1980 from personneﬁ df the Alberta F1sh
ano.W1ldl1fe va1s1on and held at/the,Un1veP51ty of Alberta

B1omed1cal Aanal Centre in Ellergjlég Al Hrf{l They were
lp Gy N

hand- ra15ed and halter trained SQ
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. experiment, they would be tractable (seé;AbbéﬁdiwaI for.
Fearing techniques). In September 1380, calves were placed .
in inaiyfduai outddor péns (36 or 50 mZ). Uninfested animals
were separated fro# tick-jnfested animals byva 3m wide
concretevwalKWay and two 1m high concrete walls as well as
chain]ihk fencing. All animals weré_fed a‘modified Moose
Research Center 'MRC spécial’pelleted ration (Schwartz et
“al., 1980) and mixed timothy-alfalfa hay ad 1ibitum.

In order to separate. any anorectic effects from the
specific effects of the t1ck three groups of animals were
used: o
;.’Experimenta11y infested with ticks.

Four moose calves were ééch infested, over a three week
period, with 31,000 D. albipictus larvae as follows:
10,000...17 October 1980 .

10,000...22 October
5,000...24 Octbber
5,000...30 Qctober

.1,000...6 November

»  These an1mals were allowed to feed ad Ilbltum and the1r

food consumption was monitored da1]y

II. Pair-fed. ‘'O I o
. Each infested moose was paired to ong uninfestedmoosg.

of the same sex and approximateuweightf”The‘pair-fed moose.

were each fed the amount of .food eaten by its infested

' partner the prev1ous day Food consumpt1on was mo#Ttored

- da11y - _ | | 5 .
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Ifl. Controls

f “Four uninfested moose were allowed ‘'to feed.?$ libitum
and served as conjﬁois. Food conshmption was measured from
'Moqday to Fr1day |

Moose were we1éhed regularly at one or two weeK

intervals. Beginning 16 October at regular one or two. week.
1ntervals, 15m1 of.blood were,. taken by syr1qge from the left
Jugular_ve1n. Each moose w;s brought 1nto a barn, wh1ch
bordered the outdoor pens, ha]tered, and tied to a support;
An assistant fed bananas to‘the moose Tydung‘moose love
rbananas) while blood was extracted This kept the moose

d1stracted and served to minimize, stress connected with the

bleeding procedure

e red from the syr1nge-to a

Frve ml of blood were trans

PR

ste %iie test tube cdhta1n1ng dilsodium edetate. The remaining

10m1 of blood were transferrg two sterile test tubes and

allowed to clot. They were then’tgben_immedjately to the
‘Uniééhstty (14km from the Animal Centre), where ‘erythrocyte
and leucocyte counts were determined on a Coulter Counter TA
II. The hematocrit was determ1ned by the m1crocentr1fuge
technique and differentials were determined from blood *
smears stained in either Giemsa orFWright’s:stain. Serum was

collected and stored at -70°C. The blood was‘refrigeréted
until the fg@@#&ing day when hemoglobin was determined by

the cyanom%": emoglobin method (Sigma Techn1ca1 Bu]let1n
#525) o*}*hush and Lomb Spectromc 20.

o
v

T
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Frozen sera were shipped in dry ice to thedgestern

Veterinary Diaghostic Laboratory in Vancouver,~bajtish

Columbia, where tetal protein; albumen, calcium, phosphate,
chclesterol, urea nifrogen (BUN) , creatinine, total
bilirubin, alkaline phosphatase“aad'aSpartaté.transamfnase
(ASAT=SGOT) were determined on a Technicon SMA II. Serum
iron and iron binding capacity were determined by the method

described in Giovaniello et al.(1968). Protein

- electrophoresis was performed on cellulose acetate using the

Helena E]ﬁftﬁophoresis-system Thyrox1ne (T4) was determined ,
. ,
by rad1o1mmunoassay using a C11n1ca1 Assays -Kit and an LKB

"Rack Gamma’ counter.
’.’7

~Serum magnesium and copper concentrations were .

~ determined by tHe Manitoba Department of Agriculture using a

Perkin-Elmer 403 Atomic Absorption Spectrophotometer.

As a back-up to the hematology_ruh at the University,

‘beginning 29 January 1981, whole blood was shipped to the

Weﬁtern Veterinary Diagnostic Laboratory where RBC, WBC, PCV

~and hemoglobin were determ1ned on a Coulter- -S-Plus and

Il

d1fferenf§als were run.

From 20 January 1980-14 May 1981, at irregular
ihterya]s,»l inspected the neek, hump and shoulder of each
experimentél hoose. OQ each inspection I counted and
identified betweeh 50-100 ticks. Periodically I checked the
control hoose for ticks by running my f{ngers through their

hair, feeling for ticks. At irregular but numerous

jntervals,;photographs were "taken of the~experimehta1 and
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contro] moose. The photographs were used to. d1agram ha1r

~loss on these animals.

Analysis ’

To cetermine whether expertmenta] values were
distributed normally; a t-test was perfcrmedlto.test the
significance of the skewness and Kurtosis dev}ating‘from 0-
(Sokal and Rohlf, 1969). Log transformation was"required tc
normaTiZe the alkaline phosphatase values.

- T tests or Mann- Wh1tney U-tests were performed to test
whether the blood values of the pair- fed moose ;1ffered
signtficant]y from‘the ccntrc]s. Values that did not differ
significantly (p>0.10) were combined in order to determine

the reference or 'normal’ range of values. All significant

differences (p<0.05) between the values of pair-feds and

controls were attributable to differences between nales angi

females. (A]l control anlmals were female; two pair-fed
"4
animals were male ) In these instances, reference ranges -

-~

were determined for males (based on the vaJues of the two

pair-fed males nd for females (based omﬂtﬁe walues of the
control females). A pair-fed an1mal. whose 1nfested partner
died during the experiment, was COns1dered to be a control
animal after two weeks on an ad Jlbltum diet.

Reference ranges were determined by three me thods .

"3vaiues that wer%.d1str1buted normally (Bermes et al., 1976).

Non- parametric 95% confidence intervals were calculated for

]

e
.—-».-

-N1nety f1ve percent tolerance intervals were calculated for B

values without Gaussian distributions having sample sizes of»
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ﬂ120 or more. The two extremes of tne*VéIUes served as the

. preference l1m1ts for values with non- Gauss1an d1str1but1ons,

having sample sizes Tess than_120 (Henry and Reed, 1974).

S
RESULTS

Development and number of ticks

,Two of the infested moose calves did not surv1ve to the
end of the experiment. On 21 November 1880, Moose #17 (Mo
17) died, after suffering an accident. Her h1de was remerd
and the number of ticks on the hide was estimated by the
teohnigue described in Chapter I1I. Of the 31,000 ticks
placed on her, an estimated 22,890 had attached. Of these
ticks,'2.5%&§ere;ﬁnengorgéd“1arvae, 11.7% were engorged
larvae, 85.7% were unengorged;nymphs andlless than 1% were
engorged nymphs 4 o |
Later in the experiment (27 February) Mo‘35 was Killed

becauSe she was_weak . and cou]d barely stand She was

‘suffer1ng very severe hq1r Toss (figure 1) and her hide had

an estimated 9,870 ticks. OFf these, less than 1% were
engorged lar92§}-82.3%.were'une;ggrged nymphe, ﬂ3.2% were °
engorged nympngﬁ 2.2% werevma1e€ and 1.5% were females. No
engorged females were found on the hide even though they
were‘preva]ent 8 days earlier (table I).

The timing of tick development on Mo 23 anu Mo 41 was

similar (table I) Nymphs began to -engorge somet1me before ?r
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20 danuaryAand engorged nymphs predominated the tick
population by 12 March. The proportion of engorged'femeles
in the population increased dur1ng rarch to reach a peak on
2 April (Mo 23) and 8 Apr]l (Mo 41). The\moose were free of
ticks by 7 May (Mo 41) and 14 May (Mo 23) |

Tick development on Mo 35 was marked]y different from
deve1opment on Mo 23 or Mo 41{'Engorged ?ema]es represented
almost half of the tiek population invthe neck, hump, ﬁ
shoulder region of Mo 35 by 19 February. This is more than a
month before simj]af proportions were reached on Mo 23 or Mo
41, |
Hair loss )
Al of the infested moose (except Mo 17) showed o
tick-related hair loss. Hair loss was primarily caused by
the eXtensive grooming and rubbing by these animals in
response»to ihe‘inr{tation caused by. the feeding ticks. This
caused much of the'hair in the affected. areas to bevbfoken
to a length of approximately 25mm, but in some places, the.
hair fell out or cOuld'be pUl1ed out by’the roots. /
Tick-related hair loss ranged from moderate (on head, neck
shoulder and hump) to very:severe (head, neck, shoulder
hump,qusk,,sides; belly, legs and ﬁgiﬁghal Eegion)(figure
2) . None of the" tick-free moose showed these types of hair
loss. Tﬁe spring moult began late April-May, starting on the

hind legs and extending anteriorly and dorsa!ly (details to

be pub11shed elsewhere) o a 9
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Weight of ticks drepped from experimental moose

On 26,28,30,31 March and 2 April 1981, any engorged
female ticks: lying{on top of the straw bedding in the pens,
were taken to the laboratory.and weighed on a Mettier
analytical'balance Thirty-four females, dropped from Mo 41,
had a mean weight of 0.520g (SD=0. 13% ange 0.232-0. 7169)
Seventy seven females, from Mo . 23 hjd a 'mean weight of
0.648g (SD=0.126, range 0.304-0.Q ) (t=4.87, df=110,
p=0.001). ' ' y
Food consumption and weight gains
‘ There was no difference in the mean dai1yfpe1]et
consqmgtion/wk between infested and’control animals
(Wilcoxen"two sample test, p>0.05). Aithoughxfood
consumetion was not depressed, Mo- 23 gained less weight than
other animals (table II).

A]] the an1ma?s grew rapldly from 13 Nov,. te 12 Mar.,
but put ongdery 11tt1e weight after 12 Mar. despite the
1ncreased food 1ntake (table III). Mo 23 had no net weight
ga1n between qZ Mar. -21 May, the period dur?Hg which nymphs
and adults engorged,’and figure 3 shows that he actually
* lost weight during this period. ,

" Hematology! serum chemistry and post mortem results »

* The reference or 'normal’ Hematology and serum
chemistry values ere presented in table IVv. (Appendicee I11
and IV show when blood values of the infested moose were
outside the reference ranges). “

Mo 23
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Mo 23'was the only animal to show extensive clinical
changes during the infestation. He suffered a normocytic,
normochromic anemia‘from 19 March to 28’April (figure 4), as
well as hypoalbumenemia from 26 March to 7 May (figure 5).
Although beta ahd gamma globulin 1e9els were chronically
below those of the pa1r fed males early in the exper1ment
these levels, as well as levels of alpha 1 and alpha 2
globulins, increased during the'period of hypoalbumenemia
(figure 6). Alpha 1 levels rose above the reference ranges
from 8-23 April. Alpha 2 levels rose above the reference
range on 28 April and gamma globu]in;rose above the 95%
tolerance interval on % May (figuhe 6 and Appendix I11).
Transient increases in neutrophils; lymphocytes and |
tbasophils also occurred (Appendix III). ASAT levels
1ncreased somewhat dur1ng the initial period of nympha]
_engorgement (29 Jan.-5 Mar.) but decreased during the per1od_
of beak nymphal and adult engorgement until levels d1pped
below the reference range 28 April-5 May (figure 7). Calcium
levels also dropped below the reference - range 23- 28 April.
Phosphate levels were chron1ca11y depressed 19 March-7 May
(figure 7). S , BRI

While five of the six total ironhbfnding capacity,
values were ‘below the reference range tAppendix II1), the
serum iron and:transferh?ﬁ. Stdration values were,nohmal.
This, plus the small sample size of reference yalues, makes

it imprudent to consider these values different from the -

controls. _ ' ‘ o A
‘ o _ ' ‘ N
' : : \ S
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Mo 23 d1ed one month after the end of the experlment
from a chronic abscessing bronchopneumon1a that could have
been contracted during the experiment. ' N

§§§“

Mo 41 Ry
Mo 41 had few clinical changes dUring the infestation.

He developed a mild normocytie, normochhomic anemia.on 19

March (figure 4). Although he also had several low values of

gamma globulin early in the experiment, gamma globulin

levels rose after 15 January to reach a peak, above the 95%

tolerance interval on 8 April (figure 6). Moderate increases

in aipha 1 and beta glehulin in addition to the high gamma

globulin on 8 April pushed globulin levels aboye the

reference range. From 16-28 Apri]; he exhibited

eosinophilia. He also had transient increases in neutrophils

and basophils (Appendix III).

Mo 35 I . . . , ' e)

Shortly. befpre Mo 35 died, she showed several cl1n1ca1
changes, 1nclua1nnghcreased RBC, hemoglobin, PCV, 3 l
'neugrophils, monocytes, cho]esté;ol, globulins, gamma
‘}globulins and serum copber, as weli as, decreasedfélbumeh
(figures 4-6, Appendices I11,IV). On 21 February 1981, Mo '35
was acting weak and'dizzy. Her condition hecame worse and by
27 February when she stopped eating and drinking, she was so
weak she could barely stand. We k1]1ed her and sént her body
'fto the Provincial Veterinary Labqratory Services for post

mor tem examination. The post morfem_revealed'a mi 1d

glomerulitis and mild subacute vasculitis of the heart and

—
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_furtherustrenghthen this association.

g

1ungs.‘E§amination of tissues for bacterial infection and
feces for pargéite§‘was negative. Skin sections showed a
chronic parasific dermatitis.
Mo 17 | ‘ |
Mo 17 died afterlsufferiqg a severe blow to her'head}
She slipped, hitting her head'on a conérete Wail. A1l of the
clinical changes. observed were associated with the

hemoconcentration that occurred as edema developed in the

br%in.:.

'DISCUSSION

-

Late winter and sprihg hair loss on moose is clearly

related to the presence of D. albipictus and appears to be

associated with the engorgement of nymphal and female ticks.
‘The association between tick engorgement and hair loss was

| first observedlin wild moose of Elk Island National Park

(E.P.N.P.)'éChapter I1) and the results of this experiment
Hair ]ossvwés first seen’on Mo 41 when, engorging nymphs
repreéented 3.4% of the ticks examined (table I, figure 2).
Although 3% may seem insignifigant, it could easily
représeht a few hundred ticKs.‘{be irritation éaused by the
engorging nymphs likely prompted Mo 41 to groom and F%E the

affected areas causing hair loss. Hair loss became more

extensive when female ticks began to feed.
N

E
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A stmilar pattern was observed on Mo 35. The high
1proport1on of adult ticks present on 20 danuary suggests
that nympha] engorgement began sometime in December. Hair
loss was first observed 17.December and became v@ry severe
» atter engorging females were'present. Mo. 23 first shoﬁed
hair loss when‘engorging nymphs represented half of the
ticks examined and hair loss became more severe asffemales
- engorged. «.'

The timing of tick dévelopment on Mo 41 and Mo 23 was

slightly advanced of that seen on wild moose in E.I.N.P. f??ﬁ
(Chapter 1), However, the tick development on experimental

moose was determined bymagé@ng ticks atong the nec {7ﬁump,
and'shoulder of each animal ‘High proportions of a Qanqed ‘
instars were found on the neck, hump and shoulder >f wadi .

moose (Chapter II) therefore.percentages.of 11fe s‘ades in
table 1 may be biased towards engorged- nymphs and- fduTts
The timing of hair loss on- Mo 23 and Mo 41 was s1m11ar io \;A\N;"
that seen on moose in the park (Cqspter I1) suggest1ng that

t1cK development was also s1m11ar o

Tick engorgement and correspond1ng hair 1055‘occurred

"“ﬂiearl1er on Mo 35 than on Mo 41, Mo 23 or moose obrerved in

E.I.N.P. Although this advaneed development and e‘rly'ha1r
loss'seems anomalous, it appears to happen-occasi;nally in
nature On 18 Jan&ary 1980, a moose calf was . spotted/tn'
E.I.N.P. with hair loss similar to that SfoMo 35 on 20

danuary This calf had more extens1ve ha1r loss when seen

again- 1nnm1d February (Samuel, pers. comm. ) suggesting that -
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the timing of tick development was similar to that of Mo'353 |
Although all experimental -moose received the same }ﬁ}ﬁ§§f

number of ticks, the extent of the hair loss differed
between individuals. The eXtent of hair loss may not be
dependent on the number, of ticks, but-instead;ion the
animal’s-a;tlity to mount a resistance to the\ticks. |
Ind1v1dua]s within the same spec1es (and breed)39§h7btt .
d1fferent levels of resistance to t1cKs (Roberts; 1968,
Hewetson, 1971, Wagland 1975, 1978,_}979). Resistance can‘be”‘
measured by several criteria but in general, resistant
an1mals allow fewer female ticks, to feed to repletion and

the females that drop off have Tower engoﬁéed‘We1ghts (R1eK
'1962, Musatov, 1967 Hewetson, 1972 Brown 1977). As well,
some authors have found that resistant anlmals groom more

-than susceptible ones (Bennett, 1969} Koudstaal-et al.,

1978) .

Mo 35-lost the most hair. Although many females were -~ .

e

S Coa - :
found, engorging on her 11 dﬁys before her death no engorged
females were ﬁbungton her hide at the time of her death. In
add1t1on at. t t1me of her death she carr1ed less than

half thegnumber of t1cks carried by Mo 17 in MCtober (9, 870

o

vs. 22,890). This suggests she was-very succeiﬁful at

,remov1ng her ticks and was therefore qu1te reststant to
} p

them. T ' - ‘u
Mo 41 also had extensive hair loss and he appeared/,;L__

be more resistant to t1cks than Mo 23. Cons1stently low

proportions of the tick popu]at1on on Mo 41 were represented

L



hypotherm1a. they would not suffer the Ueb1

-"‘ ' .
: anemla on, only dne occasion ’ﬂ;,, ksg;'

v1971' Wi’

'0 Kejly ot al.,

~,ﬂ¥ N

oy G

bl

A N W T o

byAengorqed females ééﬁfgﬁ
less than those‘from'Mo~23 This, céupléd,wﬁth the more:
exten51ve hair loss and groomwng..SUQgests that*Mo 41

allowed fewer females to engorge and those Jhat d1d took

.smaller blood meals If th1s assoc1at1onfpetWeEn hair - loss

and re51stance 1s real':wt 1mpl1es tha¥ it

although an1mals with“ha1r loss m1ght géjﬁ;stress from

. 7
‘0 . [ y-
T

) : : ‘ ) _
Qo 23 appeared to be’ most suscept1ble to the t1oﬁs’ He
.5 u"u -
three 1nfestedfanimals Qunpub %

.
Fa)

groomed the least‘-f dife

’a

‘7

7.ha1r and therefore l1kely carried
,,.<s 1956 N1K1t1na and '
Ar1stova, 1§63 hlch i973#3 Th%s, along with. ;hﬁbgreater
ffthafghe l%;t the

_}Thws 1s, of course,
\«\2{‘ " :

corroborated Qy the fact ;haf Mﬁ*ZS suffered chrgnic anem1a,‘$

v Ty .
hypoalbumenem1iwand we1ght loss during the erwod of nymphal

and feMale engorgemen$ while Mo 41 ceg1ster§!?borderlrne

Other authors have also f0und that heavy tick

W
> d\q.

1nfestat1ons can cause anemia (delllson and Kohls, 1938

R1eK, 1957a O’Kelly and S1efért 1970 Q’Kelly et al

,;freaéka albumen (O’Kel]y and Selfert 1970;;
) 1971) and we1gh1 loss‘or reduoed we1ght

? 1980)

b *

AT 2,
: " . = ¥l "‘} y '
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females that dropped off weighed.

.4
¢

_ et dl, 1978 Corr1er et al ~1979 @echaV‘et .

x,gams (ﬂkelly&a@d Se1fert 1963 1970 G.e et 1. 1971.-, AR

v

T
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4,‘ ’

Seebeck etval 1971 W1]l1ams et al., 1977, '1978"Corrier'
et al. 1979 Rechav et al + 1980) .. A]though some ticks may
cause anorex1a, 1t 1s apparent frofh this study and others

,(OJKelly et al. 1971 - Seebeck ‘et al., 1971: Spr1nge]l et

t] ©1971) that anorexia is¢hot a precondition for‘theselﬂ-A R

G : o . ’ RN :
changes to occur. A C L
/45T : In both.,long term exper1mental animals; the anemla was

.
N

" brought on py the engorg1ng nymphs Mo 23, however,t

- reg1stered the dowest erythrocyte count on 28 April aftebr
; mosI of the t1cKs had dropped off, Tiek- caused anem1a may

not be sole]y ‘the result of blood loss, but may aﬂso 1nvo]ve‘.ﬁ? o
:‘metabol1c changes that- prevent the an1maﬁ fr%m exh1b1t1hglg B,

‘&
'the appropr1ate erythropo1e€hc response to blood loss
v (dell1sonrand Kolls, 1938; Rechav et al.,. 1980). The

~ &

'sal1vary secretions of %; albfﬁTctus may contain substances
' ¥

that depress erythnqcyteipr@duction, theqefore even though

fewer thKS were engorg1ng on, 28 Apr1q# B 23 may not have
..repzemshed the' bloed lést prey 'Qusiy, %nd ‘thus® suffered

. x e A - o 5 »&‘ d S
her anemia. . I S oE
1 - v, . Yy .. . R

& The hypoaldhmenem1a. su fered by - Mo 2° was asBociated '

fur

with a r1se in globul1n tha¢ on]y partimlly’ ~ompensated for
~the loss of prote1n thus hypoprote1nemhg resulted

L

» Decreased albumen_ is, a:grnonspemﬁc cf’imca] changeﬁ:omnon . «
L‘;

» C'-‘ q's\ J * ;€
in a var1ety of Qond1trbns (Wa]lach 1978) and may’s1mp1y‘!'"%i'

. ARG IS
=reflect the sf&ess assoc1ated w1th the heavy tick’ bqrdeh
s ey

1However” O’Ke11y et al (1971) suggesﬁgthat thgy?‘J;.*
ypéalbumenematsuffered by cattle mfested with Boo%l% .

- -

o




I B ‘ T \"uq -
s : . . ¥ -
) . (20 ¢
microplus could also be caused by losses to the tick or by

a]tered catabo]1sm and/or synthesis of a lbumen, resu1t1ng
from e1ther reduced prote1n intake or liver damage - o
A

Reduced prote1n intake could .ot be a factor 1n th1s

G

exper1ment BUN leve]s are d1rect1y related to the dletary '
intake and absorpt1on bf prote1n (Preston et al. 1965). The
-values reported here are companable to the levels in moose',f
on- summer range (HOUSton,"196§Q. Liveridamage, however, has
been observed in'anima]s after injection withvektracts'of
iv‘xodidyticks, ‘including B. micropluys and D. albipictus — ~  ~,
(Riek, ?957b% ?hetefore, a possibility exists that these'rwi“"{”'
t1cks may secre&e a tox1n th;t can anect liver funct1ons
Mo 23 suffered‘other clinical changes that furthii |

'suggest possrble metabol1c 1nterference by D albfplctus A;f;w«
:Dur1ng the per1od of nymphal and female engorgement Mo 23
"shov\'r@ecreased 1evels of ASAT phosp%at\e and total serum
calc1um ASAT is 1mporgant in the catabol1s"" '

;o
.]1ver and- heart m1t0chondr1a A decrease 1n the act1v1ty of 5 m

\ a’ﬁ
this enzyme may reflect\a rﬂﬂuced body metabol1sm The g

- @,Vammo ac1ds anckm omdatwe phosphorylaho carr1ed out 1n s

\z&y}
decreased serum calcium coincided with ‘the greatest loss: qﬂ}‘; >

.-l)

~ the albumen bound cafc1um fract1on The low Rhospmate _
’Ievele however suggest there may have been a deprease 1n

L 1on1zed caﬁc1um as well, since this would gtigﬁlate | g
T - )
phosphate excret1on 1nto thegurxné B

| , . sy

The 91m1]ar1t1es betweeh the c11n1cal changes observed

in Mo 23 and those observed .in cattle anfested w1th B. /)f -
) : WW;’ . ’ . } - g . ..‘. M

N - . e ) | \ ‘.,'-“‘ _.:" . é
‘“":’ $}' ) \3 >. . ) )

e U ~ W e : B




’ mrcroplus are str1K1ng The effects of B. mlcroplus include:

‘?}'quantitieS[in the liver1‘depressed‘activity might impair "@Egg'
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]
~——

Qafr loss (Riek, 1956 Corr1er.ep ‘al., 1979), anemia (Riek,
1957a; 0'Kelly and Siefert, 1970; 0'Kelly et al., 1971:

vCorr1er et al., 19]9) hypoa]bumenem1a (0’ Kel]y and Siefert,

19697 0’ Kelly et al. 1971)» weight loss (Corr1er et al.
1979) andxmarg1nal decrease in the act1v1ty of glutamate
oxa]oacetate transamlnase (=ASAT) (0’Kelly et al., 1971).

0'Kelly et al. (1971) found that activity of other
)

. enzymes, not studied in‘this exoeriment was depressed as

well. Ticks may secrete substances that affect the

“product1on of some enzymes or react with certa1n enzymes to '

denature them_and thereby impair their funct1on. In the case

\of‘aspartate transaminase'(ASAT). which is found in large -

e @

-

liver function and thereby affect a lbumen product1on This

~enzyme participates in a van1ety of metabol1c pathways, but

.k
its' role in protein metabol1sm and Q}]dat1ve phosphorylat1on

suggest that depress1on o? 1ts activity could result in less

'heff1c1ent cell metgbol1sm “Th1s mwght_ueake@ the body s'

' IR 3

response to the . t1ck o ‘: o th&&uﬂhé SRR
A]though there appeared to be,; cons1derab1e metabo]1c
d1sturbance assoémated‘W¥thbD a?blplctu5ﬁ¢pfestatlon the

clinical p1cture of Mo 23 ‘is comp11qatéd by the fact that he

may have contracted pneumon1a during the exper1ment The
. 9

1ncr§ise 1nsalpha 2 globul1n levels on' 23 and 28 Apr1l couid
& .
he- further ev1dence that 11ver damage had occurred but ’

could also represent an,acute phase react1onf marh1ng 1he;f

3 o b

- : ) S .
- . ‘3 S y .
“a L, . P v s 2
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g : o .

initial contact with pneumonl?,(Grant:and Kachmar, 1976) .
The high neutrophil count on 2§1April further suggests
bacterial invasion. Since Mo 41'also registered neutrophilia
'on 23 April and these an1mals were penned bes1defone

‘ .
another, it is likely that both an1mals came in. cgntact w1th Lo

. . . I .
the organ1sm e . * ' R
o ;3'?’" N .
v - AN
Pneumonia 'is often assoc1ated w1th ecreased albﬂhen- ¥;4¢
as "

and albumen/globul1n rat1o (Woolf et al., 1973) ,_If'MQ 23
' "“ﬁ ‘
contracted pneumonia during the week of 23 Apr1I ,j* m1ght _

eiplain'Why‘the albumen levels were more depressed at that

ES

time and why the albumen/globul1n rat1o was sttll depnessed > ~:
at the end of the experaykmt o ‘
% In contrast to both Mo 35 and Mo 41, Mo 23 de not show
any’ s,pns og having mounted an immune response to the ticks.
" He d1d have a rise in gamma globul1n at the end of the
o exgerlment but this was llkely in response to the pneumonia.

However, both Mo -35- and Mo 41 had elevated gamma glqbul1n

o levels shortly after female ticks began to engorge and Mo 1 ?'

followed this with eOS1noph1l1a There is also’ the . ~“”L f;f
_ poss1€%l1ty that the mild vasculitis and glomerul1t1s I
su*fered by Mo 35 resulteé}from the deposition of immune
complex on or near blood veskel walls
gilt Ticks are Known to contain substances ant1gen1c to
: thé%r hﬁsts (W1lladsen 198Q& Tf large amounts of tick

antigen- were c1rculat1ng in the blood the result1ng __}

[

. antigen- antlbody complexes could pass1vely depos1t beneqxh

the endothel1um of arteries and glomerular cap1llar1e§ﬁ{ -

. > . b . . . - ey
. . L .~ B oo
. v . . i v
‘. ! v . : P : - W
- ' : . . . X I
v
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sett1ng j% an 1nf1ammatory response "Known- as. 1mmuneqkomp1ex

"di'sease (Ben;enxste et al. 1972 Knicker, 1972) A]though
vascul1t1s is a rather non-specific 1es1on, the 1ntense

grooming by Mo 35, in response to the feeding ticks,

suggests that she suffered extreme irritation. The

poss1b111€e that large amounts of antigen were be1ng .
deposited in the skin and blood cannot be overlooked Other <
cl1n1ca1 signs suffered by Mo 35 1mmed1ate1y pr1Qr to her - \ iy
: death can either be attributed to Ehe vascu11t1s and |
g]omerul1t1s or to dehydratfon s:nce she drank very 11tt1e
during the final days. - ' - ‘ ;

In nature, moose are on a low plane of nutrition in the

w1nter and early spr1ng, before the: leaves come out (GaSaway
" and Coady, 1974) It is during the late winter and early
spring, when browsg is less available, that the nymphs and
female’ t1cKs engorge Poor nutr1t1on not only affects the
.immune system (Dreizen, 1979), but alsb affects an an1malAs
rability to hand} lood loss (A]exander.and Kiesﬂﬁi 1965) .
An1mals on a low: plane of nutr1{;on are less resistant to.
ticks, (Gladney et al” 1973) and suffer more seveheWy fron'
tlck infestation than counterparis on a. h1gh plaﬁé/of
nutrition (O‘Ke}ly_and Seifert, 1970). The m005ev1n this

-~

experiment were ‘'kept on a plane, of nutrition similarto that

of - summer rangea%nd therefore wou]d have suffered ﬁess
' severe. consequences to»the tch 1nfestat1on thask would be
expected from animals in the*w11d Duﬁ1ng w1nters when food

\.

-is scarce even an1mals normally n331stant to D. albfpictus

h% | f } d{jg



WOgld’beflikely,to suffer the debilitating effects oﬂ.this
The full consequences of w1nter thK 1nfestat1on are .
complicated by the fact that those an1mals that groom and
remove the ticks may suffer severe hair’ loss. How th1s ha1r
loss affeots fhe'sd§&1val of moose is not known Further
exper1mentat1on is needed to fully understand the complex
physiological relat1onshﬁps that exist between the winter

tick and it§ host.” =~ ..
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TABLE III, Food consumption and weight gain of the control
and infested moose during two perlods of the experiment, Thefirst .

are
»

Ere
® -
o

perlod was characterized by'ldrvalxengorgement and nymphal diapause

of winter ticks. Peak nymphal and female en

the second period,

@

b

gorgement occurred during

(MAR.12- MAY 22)

MOOSE (NOV. 13- MAR. 11) .
PELLETS CONSUMED _WEIGHT GAIN PELLETS CONSUMED WEIGHT GAIN
(X) KG/DAY (X). KG/WK (X) KG/DAY (X) KG/WK
\CONTROL ‘ , c
Mo 39 4,488 2.84 75,174 1.66
16 4,612 3.60 - 5,448 0.97
13 4,394, 4,04 .5.820 0.32
40 5.223 3.95 . 5,675 1.62
151 - aen 3.83 A .
. (OCT. 23~ MAR, 11) (AR, 12~ MaY 23)
INFEngD ’ ' - | 5
Mo 35° 4,660 %
23 3.842 3204 . 4990 50,00 - P
91 4.893 4,40 6,234 0.90 .
S L ‘%ﬁ .
1 . htd g

Mo 15 became lame and was killed on

2Mo 35 was killed on ngruary 27.
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Figure 1. Experimentally tick-infested moose calf (Mo 35) on Egbrhary

26 showing verybsevere hair 1loss. *






Figure 2. The progression of hair loss on moose éalveé experimentally
infested with 31,000 D. albipictus larvae, .areas with fhair broken
to a length of 25mm.. greas with patches of hair los,é. L:] no hair

loss. The summer hair coat had grown in by May 18.
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Figure 3. The weight of tick-infested, pair-fed and control moose calves

before and during the experiment,
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W7
Figure 4. Hematology of three moose calves eXperimentally infested
with DJ albigictus. The stippled area between short dashed Iines
represents the 95% tolerance interval of reference (' normal')

values. Long dashed 1ines.de1bmitvthe range of reference values.
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Figure 5. Toté} éerum prptein, albumen and albdﬁeﬁ/globuliq raﬁio of ;/
three moose calves experimentally infestea with D. albigictus;vThe
'stippled . a betﬁeen short. dashed lines'fepresent; the 95%-t§1erance

interval

d . ) P .
reference values. Where values differ between males and ‘females, the.

reference values., Long dashed lines delimit the range of

reference ranges for males are shown in the body bf the figure and -
reference ranges éfr females are shown on the right of the figure.

"Mo 23 and Mo 41 were male. Mo 35 was female.
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Figure 6..Sérum globulin values of three moose calves experimenfallx
infested with D. albipictus..The stippled area between short dashed

lines represénts the 95% tolera interval of referehce values. Long

dashed lines delimit the range of teference values. Where values differ
‘between males'énd females, the_reference'ranges‘for males are shown in -
the.bodonf the figure and the reference ranges for females are shown

on the righ; of thégfigure. Mo 23 and Mo 41 were male. Mo 35 was femaie.
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Figure 7. Sefum chemistry values for three moose calves experimentally
' b

infested with D. albipictus. Aspartate transaminase and phosphate- shor:

-

dashed lines delimit the range of reference values for males; long
s ' ‘ ‘
dashed lines delimit reference range fo; females. Mo.23 and Mo 41 were

male; Mo.35~was female. Total cgiciumf the stipplea area between short

dashed lines representczghe 95% confidence interval of reference

values; long  dashed 1ittes delimit the range of reference values.
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i V. THESIS DISCUSSION

B

)

The winter tick is indeed a serious bérasite of moose.
.The experiments in Fhis studyishow'that even moose on a High
plane of nutrition can sUf?eb anemia;'hypoalbumenemia,_
weight ]dsg;;alopecia and yéry likely, metabolic

. disturbance. The calves in this experiment had blood values
,k similar to fhat of moose in summer (Houston, 1969)
indicating that thé diet was similar ih dualit& to summer
browse. Winter browse is‘of poorer quality, apd in natu?e.
moose are in hegative energy ba]anée during the winter
(Gasaway. and Coady, ‘1974). Thus moose calves in the witd
would be expected fo sﬁffer moreASeverely_from similar tick
ihfestétions than did the experimental calves. |
| | There will always be a<;eftain portion of the moose
population, like Mo 23, that is susceptible to'winter ticks.”
The combined effects of anem;a, incteased weight lbss and
general dgbi]itation‘cabsed by heavy ticK ipfesfations could
hake these animals more susceptibie to disease and
predation. Although D. albipictus did not cad%e'anqrexié o
under expérimental conaitiénsy the listlessness associated
with anemja may prevent an animal in the w;ld from
travelling the distance$ needed in 6rde% to consume an - '?
adequate amounf oflfood. Reduced food intake over a long
periéd coﬁ]d affect the’hicfobi?1 faunafof the rumen,

thereby affecting the animal’s ability to digest the'fdod

g o
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(Gasaway and Coady, 1974). The sum of the natural weight
loss during winter, weight loss due to ticks and weight loss
“due to reduced-fooa intake could cause these moose to become
“emaciated and die. |

Therefore, in years of high winier‘tick infestations,
even the moose populations on good range would be expecteg
to suffer some losses. These_losses wdula likely be
restricted to'susceptibie animals and those few resistant
anima]s,‘like Mo 35, that suffered extreme hair loss early
n:the season. Howeve#, if the habitat became overbrowsed,
or heavy snow reétricted browsing, then many ahimals could
bécomé nutritidnally stressed. Under these conditions,
animals normaliy resistant to the winter tick mighadwat be
ablevto mount a resistance and rid themselves of the ticks.
These animals would also suffer the debilitating effects of
the infestation. In these circumstances, high mortaljty of\
moose could be expected. S

The full éxtenﬁ of the losses to winter ticks are
difficu]f to predict without‘fﬁrther khowledge of the
thermoregulatory capacity of moose. Scholander et al. (1950)
suggest ‘that most Jarge northern animals do not increase
 their metabolic rate until temperabures are at least -40°C.
In agreementlw1th this, Hart et 'al. (1961) found no increase
in the metabolic rafé of a nine month old caribou”caif
'éxposed to -55¢°C. The ambient té%peratufe below which an

animal must 1ncrease)the rate of heat produ@%ion to maintain

constant'body temperature, is affected by pFane of
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nutritfon, insulation, exefcisefand access to‘solar‘energxz
‘(Ames, 1980). Moen (1968)‘found‘that_ful]y-fed;white-taileé\
deer in Minnesota coyld withstand exposdre1to -40°C and win&\
veloqitjes of 8mph, without suffering thehma1’stres£, but
that deer on starvation diets went into negative enérgy-
balance at'temperatures approaching‘OdC'and Wind.velocities
of 3mph. ’ |

Tick-induced hair loss on moose must affect their
abiiity,to %ithqtgnd the cold. HoweVer, ah animal with
alopecia caf minimize the heat loss by adopting certain \
postures, seekigg shelter from the wind, increasing exposure
to sunlight and increasing exercise (assuming the diet N
provides sufficient calories). Therefore, without further
research, it is difficu]i to predﬁct under what Conditﬁons
theseani?ahQ\Wou]dbecome hypothermic;

2 It is c]eé} that heavy infestatidns‘of winter ticks are
injurious/to moose. This, then; poses.the queétion: how can
1’. albipictus populatiOqs be controlled?

Ticks on livestock can be controlled by a variety of
methods including: acaricide Freafment,'pasture épelling,
the pée of resistant hosts or altering vegetation to
minimize larval transmission (lekfnsdn, 1979). Qipping,
spraying( or dusting wild animals with acaricides, or the
use of chemically impregpated'co]lars or eartags, aré not
feasible approaches to the éontrdi of winter ticks. The
manpower and expense required to treat enough énimals often

enough to reduce the tick popu]étion would be prohibitive.

A
I
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The use of systemic acaricides is also not suggested. A
_minimum dose of acaricide is needed to Kill the tick. '
Presuming animale could be attracted to bait (ie. salt licks
or apple mash) eontaining a systemic acaricide, there is no

control over the dose each animal receives. This approach
may help some animals temporari}y; but would ultimately
promote the dévelopment of an aearicide resistant straih of
ticks (U.S. Dept. Agric., 1981) and defeat the purpose of
the program. | |

’Pasture spelling allows animals te graze alternately in
two adjacent paddocks; the period between each transfer must
~ be sufficient fo ensgre,that most of the ticks in the
uns tocked paddock have died. Again, the expense involved in
applying this technique to wild ungulate populations would
be proh{bitive. . ;‘_‘

At pfesent*we are not in a posi%ioe to geﬁetiba]ly
select moose or any ofher'wild‘enimaﬁ for tick resistance
beyohd that which occurs.naturally. Therefore, the use'of
immune hosts te contfol winter ticks ie.not possible. We
are, however, in a position to manage the wi]d popu]atiens
so that tHe animals eghibit their own levea.of resistance to
a maximum degree. This will be discussed later.

Lastly, altering vegetation to minihize Tarval
tran;mission requiree.changing the height of the vegetation
to eliminate tfck—host'contacf;vThis‘ie usually accomplished
through_?he use of herbicides, fﬂfmﬁng, fire or by‘

overgrazing pastures (Wilkinson, 1979). It is unlikely this -
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technique would be used to control winter ticks, because it
would also destroy moose habitat.

| Conventional methods of tick control cannot be
' successfuJ]y applied to populations’of wild animals;
therefohe, a different approaeh must be used. Insights into
winter tfck control cen be found by examining the factors
that affect D. albipictus population dynamics. Several
fectoﬁs can affect the size of the winter tick population:
1. Spring and summer weather |

" \As was discussed in Chapter II, the temperature during
the pgeov1pos1t1on period can affect the redroduct1ve
efficiency of the females. A cold spring would reduce the
number;of_eggs lafd by the females, but warmer weather than
usua]’eould allow the females to lay maximum numbers of
eggs. Summer temperatures would determihe whether the eggs
deve]oped fast enough for the larvae to hatch before the -
cold weather of autumn stopped their deve]opment A cold
summer- may phevent many eggs from hatching.
2. Autumn weather

Temperatures dUring the autumn affect the activity.Of

the 1arvae in the Qégetation (Drew, pers. comm.). A long
“warm autumn would promote larval ‘activity and 1engthen the

transm1ss1on period. A cold autumn would reduce larval

act1v1ty and minimize successful t1ck-host encounters.

»
!

3 Host stocking dens1ty : ' ;-
The 'host stock1ng dens1ty affects the probability of v

the larvae. encounter1ng a host A 1ow host stocking dens1ty

\

\\



116

| would lowér the chances of a tiékﬂhost encounter; therefore,
few larvae would obtain a host and the tick population would
remain low. | | | |
4: Nutrition and host fesistance
/. Hosf‘resistanée affecfs the number’ of ticks that
engorge‘successfully on the hbst (Kemp. 1980). This
resistance can be affected by nutrftion {(Gladney et al.,
1973) . Moose overwintering on poor range, or animalé
restricted from browsing by deep Snow. could becomg. -
nutritiona]]y stressed in late winter when thé“nymphs'énd
female ficks engorge. These animals might nof be able to
mount' an adequate resistance to the ticks and would
therefore allow greater numbers of female ticks to engorge
successfully. Animals on poor or ovérbrowsed Eange would
maintain higher tick populations than animals on good rangé.
Further information on the development and reproductive
efficiency of winter ticks at low temperafures (5-190C) |
WOuld enable usvto predict.yéafs of‘high Jarval popu]ations.
Ipformation on the effeét of temperature onllérvaanctiv{ty
wou id énable us to estimate the length of the transﬁission
perjod. With this information we could'prédict whether |
animals, in a giveh winter, wou1d.bé heaviﬂy infested.Wi}h :
ticks. / | .
A1thoqgh we have no cohtr¢1 over spring,'summer.or
autumn weathef and its effect on the tick population, we can
control host nutrition and stocking density. Evidencé is.

mounting that animals on good nutrition are not only more
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resistant to ticks but also groom more fhan counterparts on
poor nutrition (Gladney et al., 1975; Strickland et al.,
1981). Grooming is jmportant for the removal of ticks
(Smowball, 1956; Bennett, 1969) and may also reduce the
engorged wéigh: of the females that drop off (Kemp, 1980).
Ticks feeding on resistant -hosts do not imbibe as much blood
as ticks on susceptible hosts; therefore, the engorged
ﬁemaies weigh less and produce fewer eggs (Riek, i962;
Musatov, 1967; Hewetson, 1972; BroWn.‘1977).'Anima]s Kept in
good'coﬁdition allow fewer female ticKs to engéfge ts |
comh]etidn and those femaleés ihat-epgorge successfully, lay
fewer eggs. Therefo}e,‘these animaas'suppopt smaller tick
popuTations than animals in poor condition.

‘In regions whefe winier ficks causé significant
mortality, w1ld11fe managers should examine the host
stocking dens1ty in re]at1on to the condition. of the w1nter
‘range. They should try to ma1nta1n host populations at.'
levels that let the maximum number of'animals pass throuéh |

the‘w1nter in the best poss1b1e cond1t1on |

. Th1s approach to t1ck control would not eliminate the

tick problem. The tick populat1on would be maintained at a

lower level but would still increasé'énd'debrease as weather
conditiOns permifted In yéars of'rélatively high tick \\v,/~\£>
fnfestations, the portion of the moose populat1on that was
suscept1b]e to t1cks could suffer deb1l1tat1on and some

‘might die. Those animals res1stant to the t1cks wou Id

exhibit extensive hair loss, from grooming and rubbing to

z
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remove the ticks, buf’fhe animals that grobmed and removed
the ticks would stand'a better chance of‘sqfviva1 thén those
" that didn’ t. Although this approaéh»wouidn’t e]iminé@e the
problem, it woqu minim{ze.tick-related mortality.

| At present, thiéﬂis.the'only feaﬁibje method of
controlling the winter tick on wild cervids, but in the
- future, as_wildehhess areas become smaller and wildlife
managément becomes more‘intemgive, it may be desireable to
combine prdper hbst hanagément with ofher tick control
”measufes Agr1cultura] methods of tick control could only be
applied to cerv1ds in game ranching situations. The-very
nature of'wild_populations makes conventional methods of
tick control imbractical; thergfore, other approaches must
be sought. Furthef information about the ecb]ogy of D.
albipictus and the nature of«the-tdck-hoét interactions
"should be obtained. Infdrmation such as how végetatioh
affects the transmission of'larvae, the importance of
different host species in the maintenancé of the tick
‘ population, further ianrmation on the role of nutrition in -
host‘resistance and the effect of hair loss on the
’métabolism of mogse could be integrated to develop a spund
eCologicélvapproach to. the managément of ticks, hosts and

habitats.-
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'RAISING MOOSE CALVES.

‘and the resulting system was followed.

] ]
L] wy ’

APPENDIX 11 -.

Over the past severa] years, Dr. W.M. Samuel, gradUate
students and technicians have raised. many neohatal cervids
at toe University of Alberta Biomedical Anima] Centre in
ET}ers]ie; Alberta. From this experience, basic procedures
and guidelines have evolved that are followed when raising
cervids at the facil;iies in Ellerslie. Fundamental to
success in raising wild animals of any kKind is a genuine
love and respectféor the animals, coup;ed with meticulous

observation and record keeping. The importance of Keeping

records cannot be overstressed when large numbers of animals

~are being raised at one time.

- Previous to this study, 12‘moose calves had passed
thrOughwthe care of the Ellerslie faoilitiesk The records
from ‘these animals proVided a very oasic knoW]edge of the .
behavior of healfhy'aod sick calves and'the\successlof past
management procedures and veterlnary treatments Based on
this Knowledge mod1f1cat1ons of past procedures were made
e
Basic Procedures

I8 1979, 10 orphaned moose calves were obtaihed-through
the kind cooperation of Fish and Wild{ife officers around
the province. In eddition,_five calves were’ceptured,_with

the use of a helicopier, from Rochester, Alberta. As each

125
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"animal was brought into the barH,_a detailed written history
of the animal was compiled, including when the animal was
first found, what, how much and how often the calf had been
fed and whether the animal was injured. The animal was |
exémined cloée]y‘for wounds, a rectal temperature was taken
(38.5°C.is nérma]) and the calf was examined with a »
stethoscope. Although probably unnecessary, the naval was
swabbed.with iod{nei ﬂsw calves were isolated from the
otheré for 3-5 days to deteCt’any incoming diseases.

The calves were Kept in box stalls with concréte
floors(5 ca]ves/sta]]) in a smdll barn. Each box stall had
access to an‘éutdoor’concrgte pén'and‘calves were allowed
outside du?ing the day. BécauSé the calves were initially
restricted to the barn and concrete pens, a bucRéi_of dirt
 was Kept in each stall. Dirt appears to be eésent;al forc'
qervid§ to develop their rumen fauna. | !

Over the yeérs severa1 rules haQe’evolved to minimizé
the transmission of_disease; Anyone entering or ]eaVing the
barn must wear rubber .boots and walk through a footbath
"containing disinfecténtfgpeople entering stalls‘to
feed/handle célveS‘must wear coveralls and wash their hands

in Hibitane'before-feeding'thé calves. Sick anihals are
isolated in a separate peﬁ{ termed "sick bay". Anyone
entering "sick bay" must wear a séparate pair of boots and

coveralls and wash ‘their hands *in Hibitane before entering

and upon leaving "sick bay". : : e
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Each animal had its own labelled milk bottle. This
served two purposes: it minimized djsease‘transmission ana
facilitated accurate records of indivjdua] mifk intake.
Between feedings the milk bottles were sterilized in an
automatic dishwash=r. If an animal refused to féed, the milk
Wasgkept in the refrigerator until the néxt feeding. If the
ca]%\refuséd,to feed twice, the mi 1K waé tHrown away and the

bottle was sterilized. New milk mix was offered for the
. 3! ]
] .

third feediné. T : “
‘ Because these moose were to beﬁhandled extehsive]y
1§ter on, they weré habitua}ed to hé?@ers. This was done.in
s;veral ways. Calves were haltered and ‘lured w{th'a’banana
up and down the corridor in the barn. They were led fo_and
from the paddocks on halters,éoften lured.fonward with a
banang or. a mjlk bottle. We quickly realized that moose are
stubbérn aﬁdiUsuaily refuse to be led on a ha]téé. However,
I found'that they cguld bé coaxed forWaFd if I stood besidé.
the animal énd scraiched its back or legs. As the calves
grew, it became neceSsary to.halter and tie them to the
sides of thé pens during feeding. ’
Extensive Eecords were kept on each ahimali Information.
' recorded_included: date, time.'amount of’milk bffered.to the'v
animal, amounf of milk takeh. the milK mfx‘fbrmulé} what thé'
feces looked 1ike, any medicétion admihiste;ed and any
comments on-ﬁ%havjor that might be important. The comments
'inC]uded‘whéther the animal ate browse, dirt, hay; if it

seemed listless or playful; whether the animal drank miik

LR
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enthuéiastica]ly; if it had been in the paddock and how it
reacted to the haTter, Each animal was weighed twice a week.
FeedjngiSchedule, ‘ . , .

Calves were fed a milk formula of whe]e unpasteurized
cows milk and evaporated milK in a 1:1 ratio. For the first
month, 4oz. of'bovine colostrum was included in each
feeding. The milk was warmed to body temperature before
offering it to the calves.

The schedule we followed. in the summer of 1980 is shown
in féble I. This schedule was f;e%ibfe Whether an animal
proceeded to, the next feed1ng regime was decided by its -
we1ght gains and feed1ng performance

Weaning moose calves is a delicate operation and mus t )
be dohefslowly. We Started weaning our ca]ves'in'midzdune.
Before weaning Was~begun, the ealves were -given daily access
to aspen and wiliow browse. While milk 1ntake was being ”
decreased, they were given increasing access to solid foods.
They were allowed into graesy paddocks eurjhg the day and

fresh aspen (and sometimes willow) branches were put in

their pens in the afternoon.

The animals were to be weaned onto a mod1f1ed MRC
’epec1a1’ rat1on_($chwartz et al., 1980) conta1n1ng 25%
aspen sawdqst. In order to get the animals used to eat1ng'
aspen sawdust, sawdust waé-initial]y mixed with the dirt.
The sawdust was obtained by cutting aspen 1og§ witﬁ a -
chainsaw greased with vegetable oil. Over time, the

proportion of sawdusE:;o dirt was increased until tHere were
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two separate containers in each pen, one with sawdust and
one witg‘dirt.vThe final weaning process involved mixing
" deer pellets with the sawdust until a mix of. approximately
“1/4 sawdust, 3/4 deer'pellets was obtained. This,mixtune was
later substituted with the MRC ration. The transition‘fhom '
dirt to sawdust to sawdustpellet mixture was completed by
early August. This a]lowed the cajves time to get used to
-the mixture before weaning was f{naﬂ. - |
Table II gives the average weights'and wekght gains of
the calves before and'during weaning. It'is'impertant to
nete that three ahimale gained less than 4154 kg/wk during
weaning and weighed 1ees than 88.18 Kg when:weaned. Two of
these animals began scour1ng after they were weaned and
subsequent]y d1ed At the t1me it was not obvious ‘that these
scours were related to the wean1ng process but in h1nds1ght
I feel these animals had not comp]etely developed their
‘rumen fauna and were susequently unable to handle a strictly
solid diet. The ‘third animal had been i1l with foot rot and
other non- spec1f1c 1]1nesses for much of the. wean1ng
j process. This calf was Kept én a ]1m1ted milK diet until
Septemberi12. In order to wean her onto moose pellete, a
'\\Eeecial banana-pellet mash was offered. Although this animal
Tived until the‘followfng May, she was never a sturdy
animal. This observation on weight gains and health may be
useful when deciding whethgr a calf is ready’to be weaned or

¢

nof:
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I1]nessesvand Treatments

! : !
|
I
i

The normal réctéi temperature of a mpose,calf,is 38.5 C

[
t

but if the ﬁoose has been in the sun, the temperature Can be
'_as'high asf39.2 C. This must be taken into account when .
deciding whether an animal has a fever or not;

o The calveé‘suffered specific and‘non-specif?% ailments.
The ffrst'signs df malaise were anorexia and 1ist1essnéss.
Itljs not abnormal for a calf to skKip 6ne feeding but
animals that misséd3Qne feeding were watched carefully.
Usually a calf that missed one or moré féedings showed other
signs oF illness and was immediately isolated in "sick bay".
Animals exhipi}dng anorexia gnd feyer were giyeﬁ ethacj]lin
I.M. for 3-5 days. Non-specific malaise of this nature
usually was accompanied_by‘mi]d diarrhea; Kaopectaté was
used .for mild diarrhea. If the'condifion didn’t improve
Within three days, then the antibiofjc wa; swffched to
TriVetEin. Animals thét‘remained ill for several days Were
given daily vftamin and mineral “injections I.M. The two
~ calves' that scqured’and eventually died wefe’given variouér
ftreatments. To prevent dehydrétion. they weFe given‘
_electrolyte solutions orally and at vériqus times treated
with Biosol-M and Kaépectate, Donnagél P.G;; Lohatil tableté
and Cotazyn tablets. - |

The?calves that wehé'cathred by helicopteb;'for
several dayé,'rerséd to suckle milk. We fed thém.fOFCib}y

for two days then used a.stomach tube to force 16 oz. of
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mi 1K intd them. After using‘the stomach tube, four of the
five calves began to suck from the milk bottle. The fifth
animal appeared conetipated and‘was given BToat-ajd. Withjn
a day he Qas.suekling‘ae we]]f Calves were never stimulated
to defecate or urinate. |
| Calves that were bloated were given Bloat-go or

Bloat-aid and kept walking until the’bloat had subsided. A
few calves developed warts on their face and ears. fhese.
wére not treated and eventually went away.

One animal had foot rot. We c]1pped her hooves 3wabbed
. them with 1od1ne and kept clean bandages- on for. one week
After the bandages were reTgved her hooves were swabbed
W1th bleach ‘and later with coppersulfate until the hooves
Pere hard. She was also given ethacillin for 3 1/5 days She.v
:recovered from the foot rot but later suffered hoof

abnormaTﬁt1es m_’\

One calf developed a flu1d filled swelling of the
tarso-metatarsal joint. He was treated with ethacillin and
:‘streptomycin. The fluid was drained and the swe111ng
disappeared shortly after ' . A

One calf died sudden]y and was sent to the 0.S. Longman
Buiiding for post moftem examination. The examination
indicated a calcium or phosphorus defieieney as wett as
“either a chlamyd1al or sarcocystis-like infection. This
prompted us to analyze the milk mixture and to add calcium
- and phosphorus supplements to the milk. The analysis showed -

that the milk mixture contained adequate amounts of-calciumd
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and phosphorus (tabte III).
B Seve‘ral‘animals had eye iﬁfections. These ‘were treate

with antibiotic eyedrops or powder. -
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TABLE I. Feeding schedule for moose calves raised in summer, 1980, The
milk mixture consisted of evaporated milk and whole cows milk in a 1:1
ratio. For the first'month 4 oz ‘of bovine colostrum was included in

each feeding.

dates ' no. of feedings/day amount of milk total milk
of fered " offered /day
. (oz.) , (oz.)
May 20-23 6 14 84
24-30 6 16 96
~May 31-June 4 5 22 1o
June 5-9 5 24 120
10-15 5 26 130
16-23 4 2 . 128
June 24-July 16 " 3 36 108
July 17-21 3 32 96
22-26 3 .30 - 90
July 27-Aug. 11 - 2 38 76
Aug. 11-18 1 38 38
19 0 0 0
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TABLE II. Wéight and weight gains of moose calves before, during

and after weaning;

Weight (kg)’

on arrival starf df weaning when weaned
(June 16) (Aug. 18)
‘mean 20,2 32.5 . 82.8
range 10.2-29.5 28.0-40.5 . 65.9-103.4
Wéight gain/week
before weaning during weaning after weaning
’ (June 16-Aug. '18) (Aug. 19-0Oct. 17)

mean 4.4 , 5.5% 6.8
range ,2.4-6.6 2.9-7.9 3.4-7.5

. R ]
If sick animals are.not included, the mean weight gain was 6.7 kg/wk.
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TABLE III. Compositional analysis of two samples of the milk mixture

.

fed to moose‘calves,(evaporated milk to whole milk 1:1).

135

assayr sample .

A ' 1B
ca-lci‘mn (mg/lOle) 100.0 104.5
phosphorus (mg/lOQﬁl) 235 189
zinc (ppm) 0.044 .
butterfat. (%) , - 5.34
protein (%) ;___ 5.21
lactose (%) . 7.74
Vitamin A (1.U./100m1) | 247

<
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