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Abstract.—Winter conditions impose hardships on waterfowl, impacting how they apportion energy and 
time. Human disturbances may affect this energetic balance, influence lipid reserves, and potentially survival. 
Objectives of this study were to determine effects of environmental and anthropogenic factors on energetic ex-
penditure (kcal/day) of Northern Pintails (Anas acuta) in behaviors commonly associated with a disturbance 
response (alert, locomotion, and flight) during winter 2008-2009 and 2009-2010 at Bosque del Apache Na-
tional Wildlife Refuge in central New Mexico, USA. The refuge is a frequently visited ecotourism destination 
with over 170,000 visitors each winter. Thermoregulatory cost, time-of-winter, amount of natural and anthro-
pogenic disturbances, and forage availability were examined to determine their influence on pintail energetic 
response (e.g., flight, locomotion, alert behavior). Average number of pintails ranged from 7,524-15,769. 
Using Akaike Information Criteria, the top-ranked model indicated that increased thermoregulatory cost, and 
by association decreased temperature, may cause a decline in energetic response of pintails to disturbances. 
Modeled values for energetic response had a mean (± SE) of 175 ± 11.5 kcal/day in year 1, and 111.7 ± 7.22 
kcal/day in year 2. Neither the amount of disturbance nor forage availability strongly influenced energetic 
response. Results of this study raise questions about the efficacy of using behavior or energy expenditure data, 
alone, to assess anthropogenic disturbance effects on waterfowl. Received 18 May 2018, revised 11 December 2018, 
accepted 20 June 2019.

Key words.—disturbance, energetics, environmental stress, Northern Pintail, thermoregulation, wildlife refuge, 
waterfowl, winter.

Waterbirds 42(3): 294-303, 2019

Winter imposes restrictions on how win-
tering waterfowl apportion both their energy 
and time (Riddington et al. 1996). Further, 
human caused disturbances (such as hunt-
ing and ecotourism) can alter the behavior 
of wintering waterfowl, potentially impact-
ing energy expenditure and survival (Fred-
rickson and Drobney 1979), and may impact 
distribution, pair-bonding, migration, and 
subsequent reproductive success (Ridding-
ton et al. 1996). For example, during winter 
in North America, Northern Pintails (Anas 
acuta; hereafter referred to as “pintails”) 
might be most sensitive in January and ear-
ly February as they carry low levels of lipid 
reserves and temperatures are the coldest 
(Smith and Sheeley 1993; Madsen and Fox 
1995).

Time-activity budgets have been used to 
evaluate responses of wintering waterfowl to 
environmental factors (Miller 1985; Paulus 
1988; Bergan and Smith 1989), anthropo-

genic disturbance (Riddington et al. 1996), 
and life-cycle events (Miller 1985). There are 
several behavioral adjustments an individual 
might make in response to disturbance, in-
cluding: 1) altered feeding rates; 2) altered 
diet and/or habitat selection; 3) increased 
night-time feeding; 4) decreased time spent 
in courtship, preening, and resting behaviors; 
5) increased locomotion and alert behavior; 
and 6) increased time spent in flight (Madsen 
and Fox 1995; Riddington et al. 1996; Pease et 
al. 2005). Of these activities, flight is consid-
ered the most energetically expensive, with 
costs estimated at 12.5 × basal metabolic rate 
(BMR) (Wooley and Owen 1978). In com-
parison, feeding and swimming/walking are 
only 1.8 and 2.3 × BMR, respectively (Wooley 
and Owen 1978). Disturbances that redirect 
waterfowl into energetically costly behaviors 
might affect lipid reserves, and ultimately sur-
vival, particularly during periods of increased 
environmental stress.
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In most years, the Middle Rio Grande 
River Valley in New Mexico, USA represents 
the northern extent of wintering habitat for 
significant concentrations of pintails using 
the Intermountain West. Historically, wet-
land habitat was abundant in the Middle 
Rio Grande River Valley, however, land-use 
change and loss of wetland habitat have re-
sulted in dense aggregations of waterfowl 
utilizing the sparse remaining habitat (Post 
et al. 1998). In addition, waterfowl winter-
ing in the Middle Rio Grande Valley often 
experience temperatures ≤ 0 °C and tempo-
ral reductions in food availability due to ice 
formation on wetlands. Freezing tempera-
tures have direct energetic consequences 
(Calder 1974; Baldassarre and Bolen 2006), 
and energetic costs may be exacerbated by 
reduced food availability due to freezing 
events or snow (Jorde et al. 1984; Browne 
and Dell 2007). Environmental conditions, 
such as freezing events, may directly affect 
the behavior responses and energetic expen-
diture of wintering waterfowl (e.g., Jorde et 
al. 1984). Our objectives were to determine 
the effects of environmental and anthropo-
genic factors on wintering pintails energetic 
expenditure. Information from this study 
is intended to assist wildlife conservation 
decision-makers by elucidating possible fac-
tors that affect pintail energetic expenditure 
within the northern areas of their wintering 
range.

MethoDs

Study Area

The study site was located at Bosque del Apache 
National Wildlife Refuge (NWR; 33° 52ʹ 9ʺ N, 106° 50ʹ 
35ʺ W), within the Middle Rio Grande Valley, 30 km 
south of Socorro, New Mexico, USA. Of several state 
and federally managed refuges within the Middle Rio 
Grande Valley, the Bosque del Apache NWR is the larg-
est, with > 1,214 ha of wetlands (Lee et al. 2007) that 
provide winter habitat for thousands of waterfowl. The 
refuge manages > 70 wetland units, and the water level 
within each unit is flooded and drained to promote 
desired annual vegetation and to encourage waterfowl 
use (Taylor 2010). The most abundant dabbling ducks 
at the refuge in winter are pintails, Green-winged Teal 
(Anas carolinensis), and Mallards (Anas platyrhynchos). 
Average monthly temperatures and minimum tempera-
tures (from 1981-2010; Western Regional Climate Cen-

ter 2019) in November (8.1 ºC; minimum 2.9 ºC), De-
cember (3.2 ºC; minimum -6.8 ºC), and January (3.4 ºC; 
minimum -6.7 ºC) are typical of winter climate in the 
arid southwestern USA, with temperatures frequently 
dropping below freezing. The Bosque del Apache is 
also a popular ecotourism destination for hiking, bird-
ing, and nature photography, and attracts > 170,000 
annual visitors between November and February each 
year, increasing the possibility for disturbance to winter 
waterfowl.

Study Design

We used focal sampling to determine time-activity 
budgets of female pintails (Altman 1974). Female pin-
tails were the focus of this study because they have the 
greatest influence on pintail population dynamics (Cox 
et al. 1998). Observations were made using a 20-50 x 80 
spotting scope from a parked vehicle. Randomly select-
ed females were observed for 5 min, and the amount of 
time spent in each activity was recorded. Each individ-
ual was randomly chosen by moving the scope in a zig-
zag pattern across the flock and selecting the individual 
closest to the center of the scope’s field of view (Da-
vis and Smith 1998). Behavioral activity categories in-
cluded: feeding, swimming/walking, resting, preening, 
alert, courting, aggression, and flight (Paulus 1988). We 
defined disturbed and undisturbed areas as areas with 
or without ecotourism access, respectively. In disturbed 
areas, we made observations from the refuge tour loop 
road, thus imitating ecotourism disturbance. In undis-
turbed areas, we made observations from a distance > 
300 m from the surveyed individuals to minimize our 
impact on waterfowl behavior. Undisturbed areas had 
at least one other wetland unit separating it from a road 
with public access or were located > 300 m from a road 
with public access.

We conducted time-activity budgets and recorded 
disturbances 2 days each week from 1 November-20 
January each winter 2008-2009 and 2009-2010. Each 
week, we randomly selected surveyed units from areas 
with and without ecotourism access. Each survey day 
was equally divided into 3, 3-hr time blocks: morning 
(07:00-10:00 hr), noon (10:30-13:30 hr), and afternoon 
(14:00-17:00 hr). During each single 3-hr time block, we 
conducted 3 sets of 30-min focal time-activity budgets, 
resulting in ≤ 18 focal individuals per time block. Dis-
turbance type sampling occurred at the same frequency 
and is considered an index of disturbance and amount 
throughout the season. We categorized disturbance as 
either: natural (e.g. coyotes [Canis latrans] or raptors), 
vehicular, or pedestrian, and all disturbances within 300 
meters of the center of the flock were documented (dis-
tance determined using a laser rangefinder).

We multiplied the percent time spent in each be-
havior by the resting metabolic rate (resting metabolic 
rate [kcal/day] = 100.7 × body mass0.74; Miller and Eadie 
2006) to estimate the daily energy need for each spe-
cies of interest. We used body mass (g) data collected at 
Bosque del Apache NWR from a concurrent study (Tay-
lor 2010). We then used a behavioral activity specific 
multiple of the basal metabolic rate (Wooley and Owen 
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1978; Thompson and Baldassarre 1990) to estimate 
energy expenditure for every 5-min focal observation 
(kcal/5 min). Activity specific multipliers of the resting 
metabolic rate were not available, and we assumed that 
the relationship between the multiplier and basal or 
resting metabolic rates was similar.

We obtained hourly temperature (ºC) measure-
ments from a local weather station at the Bosque del 
Apache NWR (Station ID BDAN5; Meso West 2015). We 
calculated lower critical temperature (LCT), the tem-
perature where the metabolic rate must increase in or-
der to maintain body temperature (LCT = 40 × temper-
ature - 47.2 × body mass-0.18; Kendeigh et al. 1977). We 
used mean temperatures for each weekly period from 
the Friday before the survey week to the Friday of the 
survey week, and we used body mass data from Taylor 
(2010) described in the previous paragraph. We then 
calculated a proxy for thermoregulatory cost (average 
temperature - LCT) within each week period (hereafter 
referred to as thermoregulatory cost).

To assess forage availability, we calculated the differ-
ence between energetic supply and energetic demand 
for each species of interest. If the calculation resulted 
in a negative value, it would be considered an energetic 
deficit, if positive it would be an energetic surplus. Our 
calculations always resulted in an energetic surplus. En-
ergetic supply is a function of available foraging habitat 
and the biomass and nutritional quality of foods within 
these specific habitats. We calculated energetic supply 
by multiplying the percent composition of major dab-
bling duck species at Bosque del Apache NWR (Green-
winged Teal, pintails, and Mallards), total metaboliz-
able energy (kcal/kg), seed production (kg/ha), and 
percent flood inundation. Percent composition was de-
rived from weekly waterfowl surveys at the Bosque del 
Apache NWR and was used to account for competition 
for similar food resources (Heitmeyer 2010). We used 
a grid-based sampling technique to collect annual seed 
production estimates (kg/ha) and percent coverage 
for specific plant species from each actively managed 
wetland unit at the refuge. This sampling technique 
has been used at the refuge since 1992 (Laubhan and 
Fredrickson 1992). Seed production estimates were 
ranked as either poor, fair, or good production corre-
sponding to site-specific production estimates (Laub-
han and Fredrickson 1992). Percent coverage of plants, 
wetland size (ha), and seed production (kg/ha) values 
were used to calculate total seed production for each 
wetland unit in each year (kg/ha). Invertebrates are an 
important and essential resource for wintering water-
fowl; however, site-specific invertebrate estimates were 
not available and therefore were not included in the 
energetic model. Therefore, our energetic supply esti-
mates should be considered conservative. We used “ma-
trix” estimates for herbaceous seeds to account for sea-
sonal fluctuations (e.g. germination, deterioration, and 
consumption) in the availability/production of food 
resources in November, December, and January (70%, 
60%, and 50%, respectively; Heitmeyer 2010). For each 
wetland unit, we estimated the percent of flood inunda-
tion as either 0%, 25%, 50%, 75%, or 100% inunda-

tion within each month of interest. Pintails are rarely 
observed field feeding in agricultural areas on or sur-
rounding the refuge, therefore we assumed that all for-
aging resources were in managed wetland units.

We calculated energetic demand each year by multi-
plying the monthly average number of a specific water-
fowl species, daily existence energy of a specific species, 
and days within each month. We used weekly waterfowl 
survey data from Bosque del Apache NWR. For each spe-
cies we calculated their percentage of the total dabbling 
duck composition within a given month. We used the 
resting metabolic rate equation mentioned previously 
with body mass for Mallards (1.17 kg), Green-winged 
Teal (0.31 kg), and pintails (0.94 kg) (Heitmeyer 2010). 
Daily activities range from 1.4-12.5 times resting meta-
bolic rate (Wooley and Owen 1978), depending on the 
specific behavior, and life history events such as ther-
moregulation and molt (Prince 1979). To account for 
these additional energetic requirements, we calculated 
Daily Existence Energy as 4 × Resting Metabolic Rate 
(Heitmeyer 2010).

Statistical Analyses

We used an information theoretic approach (Burn-
ham and Anderson 2002) to assess effects of thermo-
regulatory cost, year, daily amount of natural and an-
thropogenic disturbance, and energetic surplus on the 
energetic response to disturbance. A concurrent study 
found that hypothalamic-pituitary-adrenal axis sensitiv-
ity was 73% higher in the January of 2009/10, and tem-
peratures were on average 2.3 ° and 2.6 °C colder (Tay-
lor et al. 2014). Further dabbling ducks are predicted to 
migrate when cumulative Weather Severity Index values 
are ≥ -4.6 (Schummer et al. 2010), and during our study, 
there were 3 × the amount of days above the index 
threshold in year 2 compared to year 1 (Schummer et 
al. 2017). Therefore, year was included as a variable be-
cause both the physiological state of the pintails and the 
environmental conditions were different between years. 
We refer to the total energetic expenditure (kcal/day) 
spent in behaviors commonly associated with a behav-
ioral response to disturbance (alert, locomotion, and 
flight) as energetic response. Energetic expenditure 
was modeled with zero-inflated negative binomial mod-
els due to over dispersion and a high proportion of ze-
ros using maximum likelihood estimation (Zuur et al. 
2009). Over-dispersion was measured in Program R (R 
Core Team 2013) using the regression-based test for 
mean variance equality (Cameron and Trivedi 1990). 
Zero-inflated negative binomial models included a 
negative binomial component to model energy expen-
diture in behaviors commonly associated with distur-
bance and a binomial component to model the prob-
ability of the absence of disturbance response behavior 
(expressed in kcal). Models were ranked using Akaike’s 
Information Criteria for small sample sizes (AICC). Can-
didate models were selected a priori, and models and 
AICC scores < 2 were considered the set of potential best 
models. All AIC analyses were performed in Program 
R (R Core Team 2013). Candidate models, including 
interactions, were selected a priori, and models and 
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AICC scores < 2 were considered the set of potential best 
models. All AIC analyses were performed in Program 
R (R Core Team 2013). We used the Colldiag function 
in R to assess collinearity among independent variables 
(R Core Team 2013). Week was initially selected as a 
potential variable for inclusion in AIC models but was 
removed due to moderate collinearity with thermoregu-
latory cost (condition index of 33).

results

In winters 2008-2009 and 2009-2010, 
mean weekly temperatures ranged from 
- 0.9 to 10.6 °C, with temperatures gener-
ally colder in winter 2009-2010 (Table 1). 
Amount of flooded wetland habitat in win-
ters ranged from 272-681 ha, with the lowest 
area in November each winter and highest 
area in January each winter (Table 2). We 
calculated mean (± SE) seed production at 
2,221.1 ± 257.2 and 1,497.8 ± 182.7 kg/ha 
in winters 2008-2009 and 2009-2010, respec-
tively. Waterfowl surveys were dominated by 
pintails, Green-winged Teal, and Mallards, 
with these three species representing > 99% 
of the total dabbling duck population. Aver-
age number of winter waterfowl (all three 
species) ranged from 21,107-40,574; and av-
erage number of pintails ranged from 7,524-
15,769 (Table 2). Mean monthly body mass 
of female pintails ranged from 0.77-0.99 kg 
(Taylor 2010), with lowest masses observed 
in January each year (Table 2).

We conducted 391 and 749, 5-min, time-
activity budgets for individual female pintails 
in years 1 and 2, respectively (Fig. 1). The 
top-ranked model indicated that energetic 
response was correlated with an interaction 
between year and thermoregulatory cost 
(Table 3). Both binomial and negative bino-
mial portions of the model showed similar 
results, but for clarity only the results from 
the negative binomial model are presented. 
In year 1, energy-use associated with an en-
ergetic response to disturbance increased 
with thermoregulatory cost. The equation 
derived from the model in year 1 was: 5.15 
- (0.0495 × thermoregulatory cost). Whereas 
in year 2, the energy use associated with an 
energetic response to disturbance decreased 
as thermoregulatory cost increased: 4.787 + 
(0.0226 × thermoregulatory cost). In sum-
mary, in year 1 birds spent more energy, and 
in year 2 birds spent less energy, during pe-
riods when thermoregulatory cost was the 
lowest. In a concurrent study, we found that 
in winter 2009-2010, female pintails dem-
onstrated a decreased ability to respond to 
disturbances, including reduced flight, lo-
comotion, and alert behavior (Taylor 2010). 
For thermoregulatory cost, values included 
in the model had a mean of -8.42 ± 1.8 SE 
in year 1 and -10.91 ± 0.3 in year 2. Mod-
eled values for the energetic response had 
a mean of 175 ± 11.5 SE kcal/day in year 1, 
and 111.7 ± 7.22 kcal/day in year 2. We did 
not find support for models that included 
natural or anthropogenic disturbance, nor 
energetic surplus. Collinearity was found to 
be minimal, and the greatest value was 23 
(below the commonly used threshold of 30).

Discussion

In our study, thermoregulatory cost had 
the greatest effect on energetic response of 
pintails. Energetic response to disturbance 
also decreased as thermoregulatory cost in-
creased in the colder winter. In addition, the 
cumulative impact of multiple colder days 
may influence the energetic response of pin-
tails to disturbance, and that energetic re-
sponse varies among years. Further, our find-
ings highlight limitations to the application 

Table 1. Mean (SE) weekly temperatures (from the Fri-
day before the survey week to the Friday of the survey 
week) at Bosque del Apache National Wildlife Refuge, 
New Mexico, USA from 1 November-20 January each 
winter 2008-2009 and 2009-2010.

Survey Week

Winter 
 2008-2009  

Temperatures (°C)

Winter  
2009-2010 

 Temperatures (°C)

1 10.6 (0.8) 5.3 (0.8)
2 6.8 (0.7) 9.7 (0.8)
3 3.8 (0.8) 3.6 (1.4)
4 4.9 (0.6) 2.5 (0.8)
5 7.7 (0.7) 1.5 (0.5)
6 3.0 (0.7) 2.3 (0.6)
7 6.0 (0.2) 2.0 (0.6)
8 4.8 (0.6) 2.6 (0.9)
9 0.4 (0.6) - 0.9 (0.5)
10 3.9 (0.6) - 0.2 (0.6)
11 1.7 (0.6) - 0.4 (0.7)



298 WaterbirDs

of behavior or energy expenditure data to 
assess anthropogenic disturbance effects to 
waterfowl, as environmental conditions and 
a bird’s physiological state might be a better 
predictor of energetic expenditure than the 
amount of disturbance.

Environmental conditions can directly 
(e.g., Jorde et al. 1984) and indirectly (e.g., 
Hepp et al. 1986) affect behavioral responses 
of wintering waterfowl. Pintails experienced 
comparatively greater environmental hard-
ship in the second winter and the cumulative 
effects of these hardships may have reduced 
the likelihood of energetically expensive 
avoidance behaviors. Prior to arrival in the 
second winter, pintails breeding in southern 
Alberta (considered to be the most critical 
breeding areas for pintails utilizing the Mid-
dle Rio Grande Valley; Bellrose 1980; John-
son and Grier 1988) experienced drought 
conditions, resulting in breeding estimates 
that were 28% lower than the previous year 
(USFWS 2009). In that year, pintails arrived 
at Bosque del Apache NWR later (there 
were 68% less pintails in October 2009 than 
in October 2008), and had 23% lower lipid 
reserves in early November than in the year 
before (Taylor 2010). As the season pro-
gressed, temperatures were on average 2.3 ° 
and 2.6 °C colder, in December and January 
compared to 2008/09, respectively, coincid-
ing with seasonally low lipid reserves (Tay-
lor 2010). Our results suggest that pintails 
reduce energy expenditures in relation to 
colder temperatures. This relationship has 

also been demonstrated in Canada Geese 
(Branta canadensis; Raveling et al. 1972), 
Black Ducks (Anas rubripes; Albright et al. 
1983), and Atlantic Brant (Branta vernicle hro-
ta; Heise 2012). Severe winter weather may 
reduce food availability and may encourage 
migration to areas with comparatively favor-
able conditions (Bellrose and Sieh 1960; 
Beason 1978; Robb et al. 2001). Although 
our study indicates that pintails increase 
foraging and energy conservation behavior 
to cope with severe winter weather, if ener-
getic needs are not met, pintails may migrate 
south during a period of seasonally low lipid 
reserves. Managers may reduce the energet-
ic effects of severe environmental conditions 
by increasing the availability of high-quality 
foraging options (Jorde et al. 1984; Robb et 
al. 2001), and/or by providing sanctuary ar-
eas from anthropogenic disturbance.

Energetic responses to disturbance are 
likely dependent on an animal’s physiologi-
cal condition. Beale and Monaghan (2004) 
demonstrated that Turnstones (Arenaria in-
terpres) in better body condition were more 
likely to respond to disturbances. For water-
fowl, studies have found that birds with less 
body mass are more likely to be shot by hunt-
ers (e.g., Hepp et al. 1986; Heitmeyer et al. 
1993), suggesting that a bird’s condition af-
fects their response(s) to potential threat(s). 
In addition, lipid reserves of wintering wa-
terfowl naturally fluctuate and reach their 
seasonal low in mid-late winter (Thompson 
and Baldassarre 1990). The equation we 

Table 2. Wetland size, waterfowl numbers, and mass (from Taylor 2010) of female Northern Pintails (Anas acuta) 
at Bosque del Apache National Wildlife Refuge, New Mexico, USA in winters 2008-2009, 2009-2010. Waterfowl 
include Mallards (Anas platyrhynchos), Green-winged Teal (Anas carolinensis), and Northern Pintails. Mass only re-
corded once in each January.

Month/Year
Wetland
Size (ha)

Average No.  
Waterfowl

Average No.  
Pintails

Mean (SE)  
Body Mass (kg) of Female Pintails 

1st Half of Month 2nd Half of Month

November 2008 272 21,107 7,524 0.93 (0.03) 0.99 (0.03)

December 2008 523 33,666 11,289 0.94 (0.01) 0.89 (0.02)

January 2009 665 30,549 13,545 0.77 (0.01) —

November 2009 324 24,053 8,343 0.91 (0.02) 0.92 (0.02)

December 2009 509 40,574 15,511 0.97 (0.02) 0.88 (0.02)

January 2010 681 36,505 15,769 0.78 (0.01) —
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Figure 1. Diurnal time-activity budget of Northern Pintails (Anas acuta) during winter sampling periods in 2008, 
2009, and 2010 at the Bosque del Apache National Wildlife Refuge, New Mexico, USA between wetland units with 
and without ecotourism disturbance. Period 1 = 1 Nov - 15 Nov; Period 2 = 16 Nov – 31 Nov; Period 3 = 1 Dec – 19 
Dec; Period 4 = 20 Dec – 5 Jan; Period 5 = 6 Jan – 20 Jan.
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used to calculate thermoregulatory cost was 
influenced by temperature, body mass, and 
associated lipid reserves. Therefore, the neg-
ative correlation of energy expenditure with 
thermoregulatory cost in the colder winter 
can be attributed to seasonal low lipid re-
serves in mid-late winter coupled with com-
paratively colder temperatures.

Pintail hypothalamic-pituitary-adrenal axis 
sensitivity was 73% higher in the colder win-
ter than during the warmer winter (Taylor et 
al. 2014). Increased hypothalamic-pituitary-
adrenal axis sensitivity may serve to redirect 
an individual into behaviors that best serve 
short-term survival fitness, particularly dur-
ing periods of environmental hardships 
(Wingfield and Kitaysky 2002). Decreased 
quantity and quality of forage (Kitaysky et 
al. 1999; Fokidis et al. 2012) and tempera-
ture (Wingfield and Ramenofsky 1999) have 
been associated with increased hypothalam-
ic-pituitary-adrenal axis sensitivity. A redirec-
tion of energy into behaviors that best sup-
port short-term survival is consistent with a 
reduced energetic response to disturbance 
in association with increased thermoregula-
tory costs.

Our findings raise questions about the 
efficacy of using behavior or energy expen-
diture data, alone, to assess anthropogenic 
disturbance effects. Ideally, interpretation of 
behavioral data would be coupled with in-
formation on physiological state (e.g., lipid 
reserves, molt stage, thermoregulatory costs, 
etc.) and environmental conditions. Howev-
er, collection of this information is time in-
tensive and difficult to interpret. Alternative-
ly, daily ration models could be improved to 
provide insight into these relationships. For 
example, incorporation of energy costs asso-
ciated with thermoregulation into daily exis-
tence energy estimates (McKinney and Wil-
liams 2005, Williams et al. 2014) or temporal 
food availability (Heitmeyer et al. 2010; Wil-
liams et al. 2014; Petrie et al. 2016) may im-
prove energetic models. Incorporating the 
concept of temporal food availability could 
then be extended to freezing events. Inclu-
sion of one or more of these factors into dai-
ly ration models could be used to better sim-
ulate how energetically costly behaviors (e.g. 

flight) associated with disturbance affect 
energetic demand relative to energetic avail-
ability. However, empirical studies would be 
needed to acquire these values. Recently, 
agent-based models have been proposed as 
an alternative to daily ration models (e.g. 
Williams et al. 2014). Among many possibili-
ties, agent-based models may be able to in-
corporate cost of movement associated with 
disturbance events or could link body condi-
tion and survival metrics to environmental 
conditions (Williams et al. 2014).
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