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ABSTRACT Fasting metabolic rates, respiration rates, respiratory minute volumes, and
fasted weights were measured on three yearling moose (Alces alces (L.)) (Artiodactyla:
Cervidae) infested with 50,000 winter ticks, Dermacentor albipictus (Packard) (Acari: Ixodi-
dae), and on two uninfested controls. Infestations produced no detectable effects on fasting
metabolic rates or weight changes. The influence of tick-induced alopecia on lower critical
temperatures could not be assessed because of warm temperatures during the winter and
spring trials. Destruction of winter hair accompanied a reduction in respiratory minute
volumes and respiration rates of heat-stressed moose.
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PREMATURE LOSS of the winter hair coat of moose
(Alces alces (L.)) (Artiodactyla: Cervidae) infested
with the winter tick, Dermacentor albipictus
(Packard), is well documented (Glines & Samuel
1984, McLaughlin & Addison 1986, Samuel et al.
1986). This tick-induced alopecia develops pri-
marily in March and April and, in western North
America, occurs only in the southern half of moose
range (Samuel 1989). Infestations of this parasite
have been implicated as mortality factors for moose
(Cowan 1951, Berg 1975), but data that unequiv-
ocally support these suggestions are lacking
(Lankester 1987). McLaughlin & Addison (1986)
found reduced visceral fat stores in infested moose
and hypothesized that this loss 6f energy stores
resulted from escalated heat loss from the denuded
skin. We undertook this study to quantify the bio-
energetic consequences of tick-induced alopecia.

Materials and Methods

Moose used in this study were raised from neo-
nates at the University of Alberta Ellerslie Research
Station in the summer of 1984 (Welch et al. 1985).
They were housed in tick-free enclosures through-
out the autumn to prevent natural infestation. On
15 September 1985, each of four moose were in-
fested with approximately 50,000 larval ticks. Ticks
for a single infestation were separated into three
approximately equal clusters. Then, each moose
was partially immobilized with xylazine (Rompun;
Haver-Lockhart, Miles Laboratories, Rexdale On-
tario, Canada), and the hair along the dorsal mid-
line was parted. Individual clusters of ticks were
placed deep in the parted hair over the withers, at
middle of the back, and above the rump. The part-
ed hair was then returned to its normal orientation.

! Department of Zoology (T6G 2E9).
¢ Department of Animal Science (T6G 2P5).

Each moose remained sternally recumbent during
the infestation and for 10-30 min thereafter.

In November, four infested moose and four un-
infested controls were moved to the Ministik Field
Station, where infested and uninfested moose were
kept in separate outside pens and fed a pelleted
alfalfa ration. Although all animals were trained
to stand tethered, only five remained calm enough
to provide reliable measurements of metabolic pa-
rameters. Thus, most results are based on three
infested and two uninfested moose. Respiration rates
of all bedded moose were recorded opportunisti-
cally throughout the study.

Moose were not fed for 48-72 h, approximately
monthly from January until June 1986. During
these fasting periods, metabolic rates of the moose
were measured at 6-h intervals using indirect cal-
orimetry; metabolic rates measured after a mini-
mum of 30 h of fasting were included in fasted
metabolic rate measurements. While each moose
stood tethered in an outside stall (1 m by 3 m), a
collection mask connected to one or more weather
balloons was placed over its nose. To purge the
collection system, gasses were vented from the dis-
tal end of the system for approximately 1 min. The
vent was then closed, and expired gases were col-
lected for 10 min. If the collection balloons filled
in <10 min, as often happened when ambient tem-
peratures rose above 15°C, the collection was ended
and the length of the collection period was re-
corded. A collection was abandoned if the moose
was active or became alarmed. Ambient temper-
ature at the time of each measurement was read
from an alcohol thermometer inside a Stevenson
screen located 20 m from the metabolic stall.

Expired air was analyzed to determine total vol-
ume and oxygen content. Total volume was mea-
sured with a gas meter. Oxygen content of dried
respiratory gas samples was measured with an oxy-
gen analyzer (Servomex model 750B; Servomex
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Tick-induced alopecia on a moose 190 d after infestation with approximately 50,000 D. albipictus

larvae. Approximately 35% of visible hair on the torso has been damaged.

Corporation, Sussex, UK). Gas pressure and tem-
perature within the gas meter were measured with
a mercury manometer and an electronic thermom-
eter. Water vapor pressure was calculated from
wet-dry bulb thermometer readings.

At the completion of every fasting trial, each
moose was weighed, and an index of hair loss was
determined. The percentage of the silhouette of
the torso covered by areas of hair damage or loss
was used as an index of hair loss. Color photographs
were taken of both sides of each moose. Later, one
photograph of each side was projected on a paper
and a detailed diagram of the silhouette and hair
damage was traced. Because hair damage on the
head and lower legs was difficult to determine,
those areas were excluded from all area measure-
ments. Areas of damaged hair were measured with
a digitizer (Bit pad two; Summagraphics Corpo-
ration, Fairfield, Conn.).

The relationships between ambient temperature
and fasting metabolic rate and respiratory rate were
exflmined for two periods: before 1 March, when

air loss was minimal, and after 1 March to 9 July,
“'-he_n hair loss was progressing rapidly or was ex-
tensive. Differences between infested and control
treatment groups and among sampling periods were
tested by nested analysis of variance (ANOVA);
use of Satterthwaite’s approximation was necessi-
et bg'liunequal sample sizes (Sokal & Rohlf 1981).
- C rates, respl‘ratory minute volumes, and
i 3.On rates of 1_nfested and control moose
pared brangelof‘amblent temperatures were com-
1981), tl')nl analysis pf covarlance.(Sokal & Rohlf

: e assumption of parallelism was verified

statistically for each of these analyses. Respiration
rates and respiratory minute volumes were log-
transformed. Daily weight changes were computed
for each animal by dividing the weight gained or
lost between consecutive metabolic trials by the
number of intervening days. A paired ¢ test was
used to compare fasted weight changes of infested
and control moose (Sokal & Rohlf 1981). The death
of one control moose left only two pairs for this
comparison.

Results

Exposure to 50,000 larval D. albipictus induced
alopecia on all infested moose (Fig. 1). From late
February through April, hair loss proceeded rap-
idly on all infested moose. Uninfested moose ex-
perienced no alopecia and showed no signs of molt
until May (Fig. 2).

Rates of weight change were similar for all ex-
perimental animals throughout the study (Fig. 3).
Fasted weights decreased by only 0.17 kg/d until
March. From March until early May, moose in both
treatment groups underwent more dramatic weight
losses of 0.66 kg/d. By June, all moose were gaining
weight. Despite these temporal variations in rates
of weight change, no differences were detected
between the weight changes of two pairs of infested
and uninfested moose (¢t = 1.28, P = 0.23).

Fasted metabolic rates remained relatively con-
stant from February to early April, then rose to a
high in May and fell again in June (Fig. 4). No
difference was demonstrated between fasted met-
abolic rates of infested and control moose. Fasting
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Fig. 2. Proportion of winter hair coat (£SD) lost by
four yearling moose infested with 50,000 D. albipictus
and by four uninfested controls.

metabolic rates differed among trial periods (F =
14.4;df =6, 6; P < 0.01) but not between treatment
groups (F = 1.12; df = 6, 68; P = 0.38).

Few measurements of metabolic rates were made
at low ambient temperatures. Weather conditions
were mild throughout the winter; only during the
February trial were temperatures below —10°C. At
that time, hair loss was minimal, and no differences
were detected between the mean metabolic rates
(F = 0.558; df = 1, 8; P = 0.26) or between respira-
tory minute volumes (F = 1.59; df =1, 8; P = 0.25)
of infested and control moose.

After 1 March, fasting metabolic rates were in-
fluenced by ambient temperature but not by treat-
ment (Fig. 5). Although fasting metabolic rates of
infested animals appeared to be higher than those
of controls, no differences between the adjusted
means were detected statistically (F = 3.324; df =
1, 68; P = 0.07).

Respiratory minute volumes and respiration rates
of infested moose were depressed after 1 March.
Respiratory minute volumes of all animals in-
creased exponentially as ambient temperatures rose
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Fig. 3. Weight changes (+SD) of three fasted year-

ling moose infested with 50,000 D. albipictus larvae and
of two uninfested controls.
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Fig. 4. Fasted metabolic rates (£SD) of three year-
ling moose infested with 50,000 D. albipictus larvae and
of two uninfested controls.

(Fig. 6). Adjusted mean minute volumes of infested
moose were lower than those of controls (F = 4.706;
df = 1, 68; P < 0.05). Similarly, adjusted mean
respiration rates of infested moose were lower than
those of controls (F = 44.2; df = 1, 135; P < 0.001)
(Fig. 7).

Discussion

At ambient temperatures of —3 to 33°C, tick-in-
duced alopecia had no demonstrable effect on the
fasted metabolic rate of moose. All our measure-
ments of metabolic rates were made at ambient
temperatures above the —5°C upper critical tem-
perature reported for moose (Renecker & Hudson
1986). Thus, our measurements reflect conditions
of mild to severe heat stress (rather than cold stress)
for moose. Under such conditions, excess heat is a
liability that must be dissipated; an increased loss
of heat from the skin surface reduces the amount
of heat that must be dissipated actively.

Depletion of energy stores has been reported in
several cases of acarine-induced alopecia. Reduced
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Fig. 5. Fasted metabolic rates of three yearling moose
infested with 50,000 D. albipictus larvae and of two
uninfested controls at a range of ambient temperatures.

WELCE

B
e
£ INFESTED
E Ty = 19.30 &7
2 8
_ — o CONTROL
8 - 3 = 2453 ™ .
%100
>
g
%
o
F
g
10

3 6
=0 AMBIENT TEMPE

i iratory minute vc
Fig. 6. Respira

Moose infested with 50,000 D. a

two uninfested controls at a ran

ature.

visceral fat has been report
latrans Say) {Carnivora: Cg
Sarcoptes scabiei (L) (A(;arl
et al. 1983) and in moose infe
(McLaughlin & Addison 19¢
calves infested with mites (Ps
(Acari: Psoroptidae) suffer r
tion (Cole & Guillot 1987).
that escalated heat loss ma
pleted reserves.

For moose that suffer fro
cia, the loss of energy store
result of accelerated heat 1
tures above —5°C, moose
heat must be dissipated acti
son 1986). The depressed r¢
ume noted in this study p
duced need for respirator
heat. A similar depression ¢
sheep (Hofman & Riegle 1
energy expenditures (g.g.,
acquisition (intake or diges
by the tick infestation, but
have detected those altera

The temperatures at wh
measured during this stud
of the conditions that mo
moose encounter in late M
graphic areas where tick-
(Samuel 1989) lie sou.th !
and the —7.5°C maximt
April, when tick-induced
mean minimum temper:
ceed —10°C and mean m:
ceed 2.5°C (Information
these isotherms lie near t}
induced alopecia, most
encounter less severe clii

Tick-induced alopecia

thermoregulatory costs 0

infested moose is rarely



Vol. 27, no. 4

MAY JUN

APR

yolic rates (£SD) of three year-
50,000 D. albipictus larvae and
Is.

1 minute volumes of infested
\ those of controls (F = 4.706;
). Similarly, adjusted mean
ested moose were lower than
44.2; df =1, 135; P < 0.001)

scussion

wtures of —3 to 33°C, tick-in-
o demonstrable effect on the
of moose. All our measure-
ates were made at ambient
he —5°C upper critical tem-
moose (Renecker & Hudson
isurements reflect conditions
stress (rather than cold stress)
h conditions, excess heat is a
dissipated; an increased loss
. surface reduces the amount
dissipated actively. :

'y stores has been reported in
ie-induced alopecia. Reduc

20 o
IEN'(I)‘ TEMPERATURE (°C)

ing 1
abolic rates of three yearling

i a
D. albipictus larvaé i
a range of ambient tempera

3

o of W0

.._1
|

~ infest :
a ed moose is rarely extensive before March

July 1990

-
e—— INFESTED .
y = 19.30 &7 °

o- — — o CONTROL

100

RESPIRATORY MINUTE VOLUME (l/min)

—

[=]
T
.

15 515
AMBIENT TEMPERATURE (°C)

Fig. 6. Respiratory minute volumes of three yearling
moose infested with 50,000 D. albipictus larvae and of
two uninfested controls at a range of ambient temper-
ature.

visceral fat has been reported in coyotes (Canis
latrans Say) (Carnivora: Canidae) infested with
Sarcoptes scabiei (L.) (Acari: Sarcoptidae) (Pence
et al. 1983) and in moose infested with winter ticks
(McLaughlin & Addison 1986). Likewise, holstein
calves infested with mites (Psoroptes ovis (Hering))
(Acari: Psoroptidae) suffer reduced energy reten-
tion (Cole & Guillot 1987). Most authors suggest
that escalated heat loss may account for the de-
pleted reserves.

For moose that suffer from tick-induced alope-
cia, the loss of energy stores may not be simply a
result of accelerated heat loss. At most tempera-
tures above —5°C, moose are heat-stressed, and
heat must be dissipated actively (Renecker & Hud-
son 1986). The depressed respiratory rate and vol-
ume noted in this study probably indicated a re-
duced need for respiratory dissipation of excess
heat. A similar depression occurs in recently shorn
sheep (Hofman & Riegle 1977a,b). Other forms of
energy expenditures (e.g., activity) or of energy
acquisition (intake or digestibility) may be affected
by the tick infestation, but our methods would not

ave detected those alterations.

The temperatures at which metabolic rates were
measured during this study may be representative
of the conditions that most free-ranging alopecic
foose encounter in late March and April. The geo-
Braphic areas where tick-induced alopecias occur
(Samuel 1989) lie south of the —20°C minimum
imd'the —7.5°C maximum March isotherm; by
April, when tick-induced alopecia reaches its apex,

- Mean minimum temperatures over that area ex-
- ceed ~10°C ap

- ceed 2.5°C (

d mean maximum temperatures ex-
: Information Canada 1974). Because
ingsfc:!sgthfrms .lie near the northern extent of tick-
fns= a {)Pema, most alopecic moose probably
Tick~ierd €SS severe c_llmatlc conditions.
e nduced alopecia may impose only nominal
oregulatory costs on wild moose. Hair loss on
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Fig. 7. Respiration rates of four bedded yearling
moose infested with 50,000 D. albipictus larvae and of
four uninfested controls.

(Samuel & Barker 1979, Glines & Samuel 1984,
McLaughlin & Addison 1986) and, in western North
America, occurs only over the southern half of the
moose range (Samuel 1989). Therefore, moose that
suffer tick-induced alopecia are rarely exposed to
prolonged periods of severe cold. At temperatures
typical of southern moose ranges in springtime,
alopecia may even facilitate the dissipation of ex-
cess heat.
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