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ABSTRACT: Young animals are particularly vulnerable to environmental stressors that can impair 
growth and compromise survival. We used salivary cortisol, a glucocorticosteroid hormone, to mea-
sure possible stress response of moose calves in Alaska to the abundance of biting and non-biting flies 
relative to calf age, time of day, and ambient air temperature. We measured salivary cortisol in 5 cap-
tive calves up to 4 times daily on 25 days in June-August with corresponding on-host fly collections. 
We simultaneously collected 2,618 flies, of which 68% were moose flies (Haematobosca alcis), 13% 
coprophagous flies, 9% mosquitoes (Culicidae), 5% horse and deer flies (Tabanidae), and 2% black 
flies (Simuliidae). The proportion of moose flies increased steadily, representing nearly all flies by 
study end. Salivary cortisol levels were minimal and similar (<0.2 μg·dL-1) from 25 to 89 days of age 
at ambient temperatures ranging from 13 to 34ºC, and did not increase with relative fly abundance. 
The lack of cortisol response is consistent with observations of minimal reaction to most flies by 
moose. The dense and fuzzy characteristics of calf pelage may provide a unique, protective barrier to 
minimize fly bites and exposure to pathogens sometimes associated with wounds or bites. Although a 
cortisol response to flies was not detected, vector borne pathogens are predicted to increase in a warm-
ing climate and warrant surveillance as part of proactive moose management. 
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Moose (Alces alces) seldom avoid biting 
and nuisance flies (Diptera) despite persistent 
attacks from certain species such as the moose 
fly (Haematobosca alcis) (Benedict and 
Barboza 2022), a biting fly which completes 
its life cycle in association with moose 
(Murie  1934, Burger and Anderson 1974). 
Even when surrounded by >500 flies, moose 
appear  unbothered, exhibiting minimal 
flinching or stomping (Burger and Anderson 
1974, Lankester and Sein 1986, Lankester 
and Samuel 2007). Although moose might 
avoid  flies by submerging in wetlands and 
lakes, this behavior is most associated with 
foraging, thermoregulation, and predator 

avoidance (Fraser et al. 1984, Renecker and 
Hudson 1992). Likewise, moose may seem-
ingly avoid flies in roadside areas, but use of 
these areas is usually associated with forage 
and sodium consumption (Belovsky and 
Jordan 1981, Lankester and Samuel 2007). 
Flies may impose a physiological cost because 
bite wounds require energy and nutrients to 
heal; however, that cost is likely negligible 
during summer when moose are in positive 
energy balance and experience rapid growth. 
However, bite wounds may increase the risk 
of infection by microbes and parasites that 
influence maintenance, growth, and survival 
of moose (Benedict and Barboza 2022, 
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Benedict et al. 2023). As fly numbers increase 
in mid-June, several open wounds blanketed 
with flies may develop on the hind legs of 
adult moose, likely caused by Onchocerca sp. 
(legworm) transmitted by flies (Lankester 
and Samuel 2007, Benedict et al. 2023). 

The glucocorticosteroid hormones corti-
sol and corticosterone have been used to 
assess the effects of environmental stressors 
on a wide variety of mammals (Cook and 
Schaefer 2002, Sheriff et al. 2011). When an 
animal experiences an environmental pertur-
bation of sufficient level, the hypothalam-
ic-pituitary-adrenal axis is activated and 
glucocorticoids are secreted above basal lev-
els (Sapolsky et al. 2000, Reeder and Kramer 
2005, Sheriff et al. 2011). While this response 
may be rapid and short-term, long-term or 
chronic stimulation can negatively influence 
immunity, inflammatory responses, repro-
duction, and growth (Wingfield et al. 1998, 
Sheriff et al. 2011). Additionally, the stress 
response consumes energy, using body 
stores of fat and glycogen that can be limited 
seasonally (Busch and Hayward 2009, 
Sheriff et al. 2011). 

The principal goal of this project was to 
measure the cortisol response in moose 
calves to abundance and type of biting and 
non-biting flies. We studied calves as they 
should be most vulnerable to, and best reflect 
measurable stress due to their naïve immune 
system and high requirements for growth 
and development (Campbell et al. 1977, 
Åsbakk et al. 2005, Witter et al. 2012). We 
used salivary cortisol as an indicator of stress 
because it reflects circulating cortisol in the 
blood, peaking 20–30 min after onset of a 
stressor (Sheriff et al. 2011). Recent studies 
with adult female moose (Thompson et al. 
2020a) found that rapid increases in ambient 
air temperature elevated salivary cortisol 
levels during the day, and increasing daily 
heat loads from solar radiation increased 
fecal corticosterone levels among days. 

Although Thompson et al. (2020a) did not 
measure fly abundance and diversity, a 
causal effect may occur because fly abun-
dance and ambient air temperature are 
directly related (Burger and Anderson 1974). 
Therefore, we measured salivary cortisol of 
calves throughout the summer to assess their 
response to abundance and diversity of flies 
relative to ambient air temperature, time of 
day, and age of calves. In support of our 
hypothesis that calves are physiologically 
stressed by flies and warm temperatures, we 
predicted that salivary cortisol would be 
related directly to fly abundance and ambi-
ent air temperature. 

METHODS

Capture and Captive Facility
All procedures for care, handling, and experi-
mentation of animals were approved by the 
Animal Care and Use Committee, Alaska 
Department of Fish and Game (ADFG), 
Division of Wildlife Conservation (IACUC 
protocol no. 0086-2019-38) and by the 
Agricultural Animal Care and Use Committee, 
Texas A&M AgriLife Research (AUP 2019-
009A). From May through August 2019, we 
studied 5 captive moose calves held at the 
Kenai Moose Research Center (MRC) oper-
ated by the ADFG on the Kenai National 
Wildlife Refuge (60° N, 150° W) where cap-
tive moose husbandry has been employed for 
decades (Hundertmark et al. 2000). In gen-
eral, calves are bottle-fed with milk replacer 
and provided forage and pelleted ration 
through weaning (D. P. Thompson, unpub-
lished data), and trained to tolerate collection 
of non-invasive samples (e.g., saliva, fecal), 
enter handling areas, and stand on scales to 
measure body mass. 

The 5 study calves were born 21–24 
May 2019 – three captive born at the MRC 
and two wild orphans (Soldotna and 
Anchorage, Alaska) collected at 8 and 9 days 
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old based on behavior and hoof wear 
(Bragulla 1991). The captive born were 
removed from the mothers 18-h post-partum 
after ensuring they had suckled and received 
colostrum. The calves were raised in a 700 
m2 nursery pen enclosed by a 2.4 m high 
woven wire fence and further protected by 
an electric fence to exclude predators in the 
adjacent mid-seral boreal forest. We pro-
vided a 4 m2 covered shelter within the nurs-
ery pen along with feed buckets and ad 
libitum water. Individuals were identified 
initially by a colored string around their neck 
that was subsequently replaced with a col-
ored, expandable VHF collar (Mod-415-3, 
Telonics, Mesa, Arizona, USA) at 2 weeks 
of age. Calves were monitored closely for 
alertness, milk intake, injury, and diarrhea. 
Handlers minimized noise around the calves 
while habituating them to human contact. At 
21 days of age, calves began walking with 
handlers into a 0.23 km2 enclosure contain-
ing a wetland, mixed-aged boreal forest, 
black spruce forest, and open meadow where 
they foraged 2–3 h daily. At 10 weeks, we 
walked calves twice daily and progressively 
started leaving them alone in the larger 
enclosure for the entire day, returning to the 
nursery pen for bottle feedings, sample col-
lection, and nighttime security. 

Sample Collection
Calves were trained to tolerate collection of 
saliva and flies using apples, pellets, and 
bananas as incentives. Saliva collections were 
scheduled prior to a milk meal, which elicited 
a salivary response but precluded contamina-
tion of the sample with milk. Saliva was col-
lected between the bottom teeth and gums 
with a synthetic swab (SalivaBio Children’s 
Swab, Salimetrics LLC, Carlsbad, California, 
USA); the sample was stored frozen within an 
hour of collection. We collected flies aggre-
gating on the calves with a 0.381 m diameter 
collapsible net (BioQuip, Rancho Dominquez, 

California, USA) by swiping it overhead and 
near the skin surface for 2 min (Lloyd and 
Dipeolu 1974), subsequently transferring 
flies to a kill jar with acetone. 

We collected saliva at 15:30 hr on 18 
and 23 June (Julian days 169 and 174), and 
at 18:30 hr on 21 June (Julian day 172); 
saliva and flies were collected at 05:30, 
12:30, 15:30, and 18:30 hr on 22 June (Julian 
day 173). From 6 July to 18 August (Julian 
days 187–230), we collected saliva from 
each calf on 3 consecutive days each week. 
Saliva was collected at 15:30 hr on the first 
and third day, and saliva and flies were col-
lected at 05:30, 12:30, 15:30, and 18:30 hr 
on the second day. Ambient air temperature 
(°C), wind speed (m•s-1), and relative humid-
ity (hPa) were measured at collection times 
with a handheld weather meter (Kestrel 4400 
Heat Stress Tracker, Kestrel, Boothwyn, 
Pennsylvania, USA). Saliva samples were 
analyzed in duplicate with a cortisol ELISA 
assay (μg/dL; Salivary Cortisol; Salimetrics 
LLC, Carlsbad, California, USA) and 
reported as the mean concentration in each 
sample (Millspaugh et al. 2002, Thompson 
et al. 2020a, 2020b). 

Flies were identified and counted under a 
dissection microscope and grouped as follows: 
biting midges (Ceratopogonidae), mosquitoes 
(Culicidae), moose flies (Haematobosca 
alcis), coprophagous flies (various families), 
black flies (Simuliidae), horse and deer flies 
(Tabanidae), snipe flies (Rhagionidae), and 
other (Table 1; USDA Veterinary Permit 
139420). These groups represented all fly 
families identified on the calves, and those 
most likely to bite or potentially harass the 
calves. To confirm identification, total DNA 
was extracted from  representative individual 
flies using a method modified from the Gentra 
Puregene Kit (Gentra Systems, Inc., 
D-5500A). PCR reactions targeting a 710 base 
pair barcoding region of the COI gene were 
performed using the primer set, LCO1490, 
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and HC02198 (Folmer et al. 1994). Each reac-
tion contained 2.0 μL of DNA, 0.75 μM of 
each primer, 12.5 μL Taq-Pro Complete 
(Thomas Scientific, C788T27), and 9.0 μL of 
deionized water. The amplification process 
consisted of the following thermal cycles: one 
cycle of 3 min at 95 °C, followed by 35 cycles 
of 1 min at 95°C, 1 cycle of 1.5 min at 45°C, 
one cycle of 2 min at 72°C, and a final exten-
sion step for 5 min at 72°C. PCR products 
were cleaned using the EXOSAP-IT protocol 
(ThermoFisher, 78201.1.ML). Each sample 
was prepared for sequencing using a 
BigDye Terminator v3.1 Cycle Sequencer Kit 

and protocol (Applied Biosystems, 
4337454).  Samples were sequenced in an 
Applied Biosystems 3500 Genetic Analyzer. 
Chromatograms produced for each sequence 
were cleaned and aligned using the program 
Geneious v. 9.1 (Kearse et al. 2012). Sequences 
were assigned to species using BLAST search 
of the NCBI GenBank database, and the per-
cent matches are reported in Table 1 (Ferrar 
1974, Hanski and Stähls 1990, Kuchta and 
Savage 2008, Couri and Salas 2010). Fly 
counts are expressed on the basis of the num-
ber of calves in the group in a 2-min window 
(flies•calf-1).

Table 1. Flies collected during 2-min sampling periods (n = 33) of 5 captive moose calves at the Kenai 
Moose Research Center, Alaska, USA, June to August 2019. Flies were grouped by morphological 
identifiers to calculate a rate (Count) per collection (mean ± SE) and a sum of all counts in the group 
(Total). Representative specimens were confirmed by genetic sequence using the NCBI GenBank 
database, and the BLAST search. 

Common name Species ID Genbank Match % Match  Count Total 

Moose fly Haematobosca alcis MF886185.1 99.8 54.30 ± 8.13 1792
Coprophagous Flies 10.70 ± 3.83 353
  Black scavenger fly Sepsidae sp. Morphological ID
  Dump fly Hydrotaea scambus MF891571.1 98.1
  Dump fly Hydrotaea sp. KP049063.1 98.6
  Dung fly Scathophaga suilla KR440263.1 100.0
  Latrine fly Fanniidae sp. Morphological ID
  n/a Mesembrina decipiens KR618635.1 100.0
  n/a Morellia podagrica KU496783.1 100.0
Mosquito Aedes sp. Morphological ID 6.94 ± 2.26 229
Horse and Deer Flies 4.33 ± 1.50 143
  Deer fly Chrysops exitans JF868977.1 99.8
  Deer fly Chrysops frigidus KU874617.1 99.8
  Horse fly Hybomitra affinis HM861001.1 99.8
Black fly Simulium verecundum KR682101.1 99.8 1.58 ± 0.38 52
Other Flies 0.79 ± 0.20 26
  Dance fly Hybotidae sp. HQ551771.1 98.8
  Long-legged fly Dolichopus sp. KM969513.1 100.0
  n/a Pegomya sp. MG120915.1 99.9
  n/a Thricops diaphanus HM412371.1 100.0
  Tiger fly Coenosia conforma HM883164.1 99.5
Biting midge Ceratopogonidae sp. JN291037.1 98.0 0.64 ± 0.38 21
Snipe fly Symphoromyia sp. JF868466.1 100.0 0.06 ± 0.04 2
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Calculations and Statistics
We used mixed-effects regression with indi-
vidual moose and Julian day as random effects 
to account for repeated measures of dependent 
variables (STATA 15.1; StataCorp, College 
Station, Texas, USA). We used the robust 
“sandwich estimator” for standard errors to 
relax assumptions of normal distribution and 
homogeneity of variances (Rabe-Hesketh and 
Skrondal 2010). We used a reverse stepwise 
selection procedure for all mixed models, 
which removed coefficients that were not sig-
nificantly different from zero. All statistical 
significance was set at P ≤ 0.05.

We examined the effect of time with 
three metrics: age of the calf as a continuous 
variable (age_d from 1 to 132 days), age of 
the calf as a categorical variable (age_w; in 9 
weeks from 4 to 13), and the time of day as a 
categorical variable (hours at four collection 
times from 05:30 to 18:30 hr). The model for 
salivary cortisol levels included ambient air 
temperature (Ta) with calf age (age_week) 
and time of day (collection) as categorical 
fixed effects: salivary cortisol = Ta + age_w 
+ collection + ɛ. 

We analyzed counts of flies as groups 
and as total counts with calf age (age_d) as a 
fixed effect: count = age_d + ɛ. We exam-
ined the effect of total combined fly groups 
on salivary cortisol levels with the model: 
salivary cortisol = flies + ɛ. We also used 
principal component analysis to derive two 
scores (PC 1 and PC 2) that indexed varia-
tion in the counts of flies across all 8 groups. 
Fixed effects for PC 1 and PC 2 were used to 
examine salivary cortisol levels: salivary 
cortisol = PC 1 + PC 2 + ɛ. 

RESULTS
A total of 49 saliva samples were collected 
from each calf beginning at age 25–28 days 
(stable milk intake) and ending at 86–89 days 
old when milk meals declined to 2–3 daily. 
Salivary cortisol concentrations were normally 

distributed, varied minimally (<0.2 μg·dL-1), 
and analyzed without transformation. Salivary 
cortisol was related to time of day, higher at 
05:30 hr than at 15:30 and 18:30 hr (Wald X2 = 
18.19, P = 0.001; Fig. 1A). Salivary cortisol 
was not related to calf age (Fig. 1B), fly abun-
dance (see beyond), or ambient temperature (P 
= 0.182) that was consistently cooler at the 
morning collection (05:30 hr). 

Flies were netted around the calves up to 
four times daily on 9 days in June-August (33 
collections, Table 1). Flies were sorted into 
8  groups via morphological identification, 
with representative specimens verified molec-
ularly (Table 1). A total of 2,618 flies (pre-
dominantly moose flies) were classified, with 
moose and coprophagous flies combined rep-
resenting >80% of total abundance: 68.4% 
moose flies, 13.5% coprophagous flies, 
8.75% mosquitoes, 5.5% horse and deer flies, 
2.0% black flies, and <1% other flies, biting 
midges, and snipe flies (Table 1). 

Fly abundance was correlated with and 
increased linearly with calf age (time) and 
variation among the 8 fly groups. Only moose 
fly abundance increased substantially with 
calf age, representing nearly the entire sample 
by the last collection; conversely, copropha-
gous flies declined most over time (Fig. 2A). 
Principal component 1 accounted for 79.9% 
of the variation in the fly groups, while prin-
cipal component 2 accounted for only 12.9% 
(Fig. 2B). Moose flies, the most abundant, 
strongly influenced PC 1, whereas copropha-
gous flies strongly influenced PC 2 (Fig. 2B); 
mosquitoes, horse flies, and deer flies also 
influenced PC 2. Variation in the counts of 
coprophagous flies, horse flies, and deer flies 
were opposite to the counts of mosquitoes. 
Variation in the counts of black flies, biting 
midges, snipe flies, and other flies were not 
associated with either PC 1 or PC 2. 

Salivary cortisol levels were not related 
to fly abundance (Wald X2 = 1.12, P > 0.05). 
Although the PC 1 and PC 2 scores were 
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related statistically to salivary cortisol (Wald 
X2 = 59.44, P < 0.001), the absolute change 
in salivary cortisol was minimal (<0.001 for 
PC 1, −0.001 for PC 2) over the range of PC 
scores (Fig. 3).

DISCUSSION
The repeated measures design allowed us to 
track changes in cortisol response with respect 
to age (time in days), fly activity/abundance, 
meals, and ambient temperature. However, 

Fig. 1. Marginal predictions and observations (circles), of time of day (A) and calf age (B) on salivary 
cortisol (µg•dL-1) of moose calves (n = 5 series of colors) based on a mixed model regression with 
individual and Julian day as random effects to account for repeated measures within individual 
moose calves at the Kenai Moose Research Center, Alaska, USA, June to August 2019. Model 
parameters: 241 observations in 5 groups; χ2 [4 df] = 18.19; P = 0.001. Random effects within 
individuals were 1.00% of variance. 
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Fig. 2. Plot of marginal predictions (A) of fly count per moose calf in each group of flies against age 
of calves at the Kenai Moose Research Center, Alaska, USA, June to August 2019. Effects of fly 
counts on age were all significantly different from zero in mixed model regressions with individual 
and time (Julian day) as random effects to account for repeated measures. Model parameters: 165 
observations in 5 groups; total flies χ2 [1 df] = 9.38; P = 0.002, biting midges χ2 [1 df] = 0.97; 
P = 0.325, mosquitoes χ2 [1 df] = 0.000; P = 0.974, moose flies χ2 [1 df] = 53.12; P < 0.001, 
coprophagous flies χ2 [1 df] = 31.25; P <0.001, black flies χ2 [1 df] = 4.40; P =0.036, horse and deer 
flies χ2 [1 df] = 66.08; P < 0.001, snipe flies χ2 [1 df] = 0.72; P = 0.397, other flies χ2 [1 df] = 19.78; 
P < 0.001. Random effects within individuals were <0.001% of variance for all models. Principal 
component analysis (B) of fly counts in 33 collections around moose calves during the summer. 
Arrows indicate vectors for each fly group in the first and second orthogonal components. Filled 
circles indicate observations.
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the range of salivary cortisol measured in 
calves (0–0.2 μg·dL-1; Fig. 1) was minimal 
throughout the study and much lower than 
that measured in adult female moose (0–3.0 

μg·dL-1) (Thompson et al. 2020a). We found 
small transient changes in salivary cortisol 
with time of day (highest at early morning 
feeding), but not with calf age or fly 

Fig. 3. Relationship between salivary cortisol (µg•dL-1) and two indices of flies on moose calves: PC 
1 (A) and PC 2 (B). Indices were derived from principal component analysis of counts of 33 
collections of flies around calves (n = 5 series of colors). Lines are predictions with 95% confidence 
intervals from mixed model regression with individual and Julian day as random effects to account 
for repeated measures within individual moose calves at the Kenai Moose Research Center, Alaska, 
USA, June to August 2019. Model parameters: 165 observations in 5 groups; χ2 [2 df] = 33.68; 
P < 0.001. Random effects within individuals were <0.001% of variance.
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abundance, even as fly abundance increased 
steadily over time (Fig. 1B, 2A). Although we 
found an increase in salivary cortisol with 
PC1 (Fig. 3A), the predicted rise in concen-
tration (0.007 μg·dl-1) was less than the sensi-
tivity of the assay (0.012 μg·dL-1) (Salimetrics 
LLC, Carlsbad, California, USA). The same 
assay identified a correlation between change 
in air temperature and salivary cortisol in 
adult female moose, with the majority of val-
ues in the range of 0–0.5 μg·dL-1 (Thompson 
et al. 2020a). 

Our study with calves was unique and 
without comparative studies, and we 
expected a response in salivary cortisol to 
fly abundance based on the sensitivity of the 
assay with adult female moose. The consis-
tent, low levels of salivary cortisol suggest 
that these hand-reared calves accepted han-
dling and sample collections without stress. 
Similarly, a study with maternally raised 
musk deer (Moschus berezovskii) found sta-
ble cortisol values from birth to weaning 
(Li et al. 2021). Although maternal stress 
response during pregnancy may influence 
that of the offspring in utero and during lac-
tation as in fallow deer fawns (Dama dama) 
(Amin et al. 2021), the levels of salivary cor-
tisol in calves with their mothers is unknown; 
however, the growth and development of our 
hand-reared calves were similar to those of 
maternally raised moose (J. A. Crouse, 
unpublished data). 

Unlike adult moose (Lankester and 
Samuel 2007; Benedict et al. 2023), calves 
do not acquire large sores on their hind legs, 
apparently relying on morphological barri-
ers to largely resist flies. Most flies were col-
lected at the hind end near the tail, with 
moose flies particularly abundant in this 
area. Similar observations occur with adult 
moose, but this area is notably difficult for 
adults to physically reach and disturb flies 
(Lankester and Samuel 2007). The dense, 
fuzzy coat of moose calves may offer a 

unique protective barrier compared to the 
summer coat of adults, particularly against 
non-burrowing species of flies (e.g., moose 
flies and mosquitoes), effectively shielding 
the majority of their body except the exposed 
anus and eyes (Samuel et al. 1986). We 
observed that damaged areas of the coat 
were swarmed and bitten by flies. 

Flies did not trigger the release of 
glucocorticoid hormones as a physiological 
response in moose calves, even though flies 
may still be perceived as noxious (McEwen 
and Wingfield 2003, Busch and Hayward 
2009). The calves did exhibit signs of annoy-
ance (running, jumping, shaking the head, 
stomping, twitching) in response to some 
larger flies (horse and deer flies), even 
though a release of glucocorticoid hormone 
was not measured. Considering that moose 
flies were the most abundant fly at ~35 days 
and increased in relative abundance thereaf-
ter, calves may simply tolerate and become 
habituated to their presence; varied responses 
to specific flies is unsurprising given that 
mouth morphology influences wounding 
(pain) (Benedict and Barboza 2022). A tip-
ping point or threshold of cortisol response 
might eventually occur in calves, although 
we did not identify such through 85+ days. 
However, a threshold response by moose to 
deer keds (Lipoptena cervi) occurred after 
prolonged (versus low) exposure to keds 
triggered a release of glucocorticoids 
(Madslien et al. 2020). 

The higher cortisol values in the morn-
ing (05:30 hr, Fig. 1A) coincided with the 
first milk feeding of the day after calves 
were alone overnight (Carbonaro et al. 
1992a, b); cortisol values were similar at all 
other feeding times. This small increase at 
the first daily feeding was unlikely related to 
stress, and possibly reflected the extended 
overnight between feedings and “excite-
ment” of the first meal, but more likely, a 
circadian rhythm in cortisol (Ingram et al. 
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1999). Regardless, neither fly abundance or 
ambient air temperature was related to or 
influenced salivary cortisol values which 
were essentially unchanged. 

Although moose calves appeared resis-
tant to fly harassment and bites based on 
lack of cortisol response, calves on the Kenai 
Peninsula are occasionally affected behav-
iorally (e.g., signs of annoyance to horse and 
deer flies) and physiologically by certain bit-
ing flies. For example, elevated levels of the 
filarial nematode Setaria yehi have been 
documented in wild and captive calves on 
the Kenai Peninsula during winter, with 
morbidity and mortality from peritonitis 
associated with S. yehi migrating from blood 
vessels in the peritoneum (D. P. Thompson, 
unpublished data). In Finland, increased fly 
density during warmer summers was associ-
ated with increased peritonitis in reindeer 
from filarial nematodes (Laaksonen et al. 
2007, 2009b). Extended periods of warm 
temperatures may increase exposure of vul-
nerable hosts by allowing multiple versus a 
single life cycle typical of filarial nematodes 
(Laaksonen et al. 2009b). 

The lack of cortisol response in moose 
calves to fly harassment should not mini-
mize the overall concern associated with 
increased exposure of moose to flies and 
other parasites as a warming climate expands 
the range, abundance, and seasonal activity 
of all (Kutz et al. 2012, Mallory and Boyce 
2018). High moose density could potentially 
increase the prevalence and deleterious 
effects of flies and parasites that may reduce 
productivity and recruitment in moose as 
documented with winter tick (Dermacentor 
albipictus) parasitism in northeastern North 
America (Jones et al. 2017). Such effects are 
important considerations in harvest manage-
ment (Brown 2011, Rempel 2011) and war-
rant continued study and monitoring of 
relationships among moose, disease, and 
parasites in a warming environment. 
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