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ABSTRACT Capture-induced abandonment of ungulate neonates has been poorly understood until
recently, likely often underestimated, and anecdotally reported to occur at variable rates. This complex
maternal behavior adversely affects the accuracy, efficiency, cost-effectiveness, and consequently the overall
value of behavioral and survival studies. To follow-up on a previous study where we reported an 18.4% rate of
abandonment of moose (Alces alces) neonates following helicopter-assisted capture in Minnesota, USA, we
tracked the movement behavior of 12 and 13 moose neonates fitted with global positioning system (GPS)
collars during 8–15 May 2014 (phase 1) and 21 May–19 June (phase 2), respectively. These efforts were part
of an overall study of reproductive success and cause-specific mortality in Minnesota’s remaining viable but
declining moose population. During phase 1, 7 (3M, 4 F) of 12 (6M, 6 F) neonates were abandoned by 5 of 9
dams. Our capture-induced abandonment contingency plan and monitoring of hourly location fixes of the
GPS-collared newborns and their dams allowed us to recover 6 of the 7 abandoned neonates alive and in good
condition. During phase 2, we reduced our capture team from 3 to 4 to 2 persons and limited handling to
fitting the GPS collar and sexing the neonate (�x¼ 0.7min). Capture-induced abandonment decreased to 1 of
10 dams abandoning a set of twins. Mean distance of dams to capture site (calving site) 1 hour pre- and 1 hour
post-capture did not indicate a predisposition to abandonment. However, differences in distances of dam to
capture site, dam to neonate(s), and neonate to capture site over 48–96 hours post-capture suggested a clear
pattern of capture-induced abandonment. None of the birth, capture, neonate, or dam characteristics
examined indicated a predisposition to capture-induced abandonment at the study cohort level. However,
minimizing capture-induced abandonment through rapid handling of neonates will greatly increase the
overall value of field studies that rely on the capture of animals. � 2017 The Wildlife Society.
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Knowledge of annual survival and recruitment of free-ranging
animals and factors influencing these drivers of population
performance is important to sound wildlife management.
Adult survival has the greatest influence on population growth
rates (l) of ungulates, but low and variable annual recruitment
also affects population stability and dynamics (Gaillard et al.
1998, Heppell et al. 2000, Caswell 2001, Raithel et al. 2007,

Lenarz et al. 2010). In 2013, prompted by a steadily decreasing
moose (Alces alces) population in northeastern Minnesota,
USA, we initiated a study to examine calf production,
recruitment, and cause-specific mortality (DelGiudice 2013,
Severud et al. 2015a). Because natural hazards are greatest for
ungulates through their first 30–90 days of life, neonate
capture and radio-collaring are critical to such studies (Ballard
et al. 1981, Keech et al. 2000, Carstensen et al. 2009, Patterson
et al. 2013, Severud et al. 2015a). But these operations have
been associated with variable and unpredictable risks of
capture-induced abandonment and mortality (Ballard et al.
1979, Livezey 1990, Keech et al. 2011, Patterson et al. 2013,
DelGiudice et al. 2015).
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Not all abandonment is induced by human disturbance.
Natural abandonment by moose and other ungulate dams has
been documented andmaybe a source of neonatemortality but
may be a relatively rare event (Franzmann andSchwartz 1986).
However, abandonment, whether natural or capture-induced,
may be underestimated because of the elusive nature of calving
behavior, challenging observational conditions, limitations
of very high frequency (VHF) telemetry for fine-scale,
non-invasive monitoring of neonates and their dams, and a
restricted ability of biologists to recognize it when it occurs
(Livezey 1990,Child 2007). There has been speculation about
factors predisposing neonates to capture-induced abandon-
ment, but until recently, our understanding for most animal
species relied primarily on anecdotal accounts.
In 2013, for the first time worldwide, we fit moose neonates

with expandable global positioning system (GPS) collars,
which facilitated rapid detection and investigation of calf
mortalities (Severud et al. 2015a). Additionally, dams of these
neonates were GPS-collared previous to the calving season
(Butler et al. 2013). The collars of both were programmed to
collect synchronous hourly location fixes during the calving
and neonatal period, from which we could monitor maternal
movements and proximity to neonates, ultimately allowing us
to recognize and characterize capture-induced abandonments
with greater confidence (DelGiudice et al. 2015, Severud et al.
2015a). During this first neonate capture season, 9 of 49
(18.4%) neonates were abandoned by 7 of 31 (22.6%) dams
within 48 hours of capture and handling over a 10-day,
helicopter-assisted capture operation (DelGiudice et al. 2015).
The temporal pattern of the intermittent abandonments was
largely uninformative, and there were no differences in birth,
capture, or physical characteristics of abandoned versus non-
abandoned neonates, and no effect of dam age. This study
suggested that capture-induced abandonment involved far
more complex behaviors than indicated by the brief accounts
reported previously. For example, on average, approach for
neonate capture did not induce abandoning dams to initially
flee any farther from their neonates than non-abandoning
dams. But they moved farther away with time and often made
returnvisits during the48-hourpost-captureperiod fromas far
as 2.2 km. Additionally, after 6 hours post-release, abandoned
calves remained closer to their capture sites than those not
abandoned (DelGiudice et al. 2015).
There is a general growing interest in better understanding

the influence of human disturbance, whether associated with
research operations, hunting, or other recreational activities,
on important drivers of population performance (Neumann
et al. 2009, Ciuti et al. 2012, Johnsen 2013). Capture-induced
abandonment of offspring commonly leads to mortality by a
number of proximate causes, and not recognizing it can result
in underestimating its occurrence and bias analyses of natural
survival (Livezey 1990, Frid andDill 2002,Gilbert et al. 2014,
Chitwood et al. 2017). Thismay be particularly true for highly
mobile animals such as moose and other ungulates, and in
locations where predators strongly influence their movements,
habitat use, and survival of their neonates (Bowyer et al. 1999,
Frid and Dill 2002, Kittle et al. 2008, Balogh 2012,
Bastille-Rousseau et al. 2016).

To enhance our understanding of capture-induced aban-
donment of moose neonates after our 2013 study, we
modified our capture and handling approach in a way that
would potentially minimize its occurrence and contribute to
development of an effective abandonment contingency plan
(Severud et al. 2016). We hypothesized that the helicopter
component of our neonate capture operations was the
primary factor inducing abandonment by dams in our study.
Using only ground captures (i.e., no helicopter-assistance),
our objectives were to compare the abandonment rates of
our original, helicopter-assisted capture and handling
approach from 2013 (DelGiudice et al. 2015) with rates
associated with our less invasive approach, re-examine
potential contributing factors (e.g., bonding time, capture-date,
handling time, number ofhandlers, damage) onabandonment,
and quantify differences in movements of abandoning versus
non-abandoning dams and their neonates post-capture
(�48hr).

STUDY AREA

We captured calves on a 6,068-km2 study area located
between 478060N and 478580N latitude and 908040W and
928170W longitude in northeastern Minnesota. This region
has been characterized as the Northern Superior Upland
(Minnesota Department of Natural Resources [MNDNR]
2015), which includes bogs, swamps, lakes, and streams;
lowland stands of northern white cedar (Thuja occidentalis),
black spruce (Picea mariana), and tamarack (Larix laricina);
and upland balsam fir (Abies balsamea), jack pine (Pinus
banksiana), white pine (P. strobus), and red pine (P. resinosa).
Trembling aspen (Populus tremuloides) and white birch
(Betula papyrifera) often are intermixed with conifers.
Behavior of ungulate species, particularly of dams rearing

offspring, may be influenced by hunting activity, predators, and
indirectlyby thepresenceof alternativeprey species (Livezey1990,
Frid and Dill 2002, Johnsen 2013). Because of the steady moose
decline in this region, state and tribal harvests were suspended in
2013until furthernotice.Graywolves(Canis lupus)andblackbears
(Ursus americanus) are themost common predators of moose, and
can have a pronounced impact on calves (Fritts and Mech 1981;
Lenarz et al. 2009; Patterson et al. 2013; Severud et al. 2015a,b);
wolfdensitiesacrossnorthernMinnesotahavebeenestimatedat3/
100km2, whereas bear densities on our study area were estimated
at 23/100km2 (Garshelis andNoyce 2011, Erb et al. 2015; D. L.
Garshelis, MNDNR, unpublished data). White-tailed deer
(Odocoileus virginianus) are managed at pre-fawning densities of
<4/km2, and are primary prey ofwolves (Nelson andMech 1986,
DelGiudice et al. 2002,MNDNR2011). Black bears and wolves
also are major predators of deer fawns throughout summer
(Kunkel andMech1994,Carstensen et al. 2009).Maximumdaily
temperatures have been generally increasing at Ely, Minnesota
from1960 to2007 (Lenarz et al. 2010).Meandailyminimumand
maximum temperatures ranged from �16.68C to 21.18C and
�6.78C to 33.38C, respectively, during April to July 2014 at Ely,
and from �11.78C to 12.28C and �0.68C to 29.48C at Grand
Marais,Minnesota (MidwesternRegionalClimateCenter 2015),
both located within the study area.

288 The Journal of Wildlife Management � 82(2)



METHODS

Monitoring Female Movements, Calf Capture, and
Handling

On 1 May 2014, we began computer-monitoring the
locations of 70 adult female moose that had been captured
and fitted with Iridium GPS collars (Vectronic Aerospace
GmbH, Berlin, Germany) during late January–February
2013 or early February 2014 as part of a companion study
of adult survival and cause-specific mortality (Butler et al.
2013,Carstensen et al. 2014).Agewas determined for 54 of 70
adults by extraction of a last incisor and counting cementum
annuli (Sergeant andPimlott 1959;M.Carstensen,MNDNR,
unpublished data). Additional details of adult captures
and handling are presented elsewhere (Butler et al. 2013,
Carstensen et al. 2014). The collars were re-programmed to
collect hourly fixes (originally 1 fix/4 hr) duringMay–late June
with 4 data transmissions daily, which permitted us tomonitor
their movements in near real time. As in the 2013 calving
season, our initial monitoring objective was to record when
and where pregnant females made a calving movement (i.e.,
an atypical, long-distance movement [0.4–22.7 km over a
mean of 14.4 hr]; Severud et al. 2015a) that ended with a
localization pattern of 1–15 days of spatially clustered
locations (Bogomolova and Kurochkin 2002, Poole et al.
2007, DeMars et al. 2013, McGraw et al. 2014, Severud
et al. 2015a). We employed 3 different monitoring
approaches: a base station computer, a web-mapping
service, and automated reports. The base station, collar
vendor-provided software, and a shared network drive
afforded full-time access to raw and processed (distance
moved between locations) location data. The full-time web-
mapping service, provided by the collar vendor, enabled us
to view raw location data overlaid on Google Earth
(Google, Mountain View, CA, USA) imagery. The 2014
automated reports, updated every 12 hours, plotted mean
hourly distances moved for up to 10 days at a time, GPS
locations and paths of movement for the most recent
5 days, and other movement metrics (Severud et al.
2015a). In 2013, we successfully predicted 92% of the
calving activity of 73 GPS-collared adult females using
this 3-pronged monitoring approach (Severud et al.
2015a).
As in 2013, we allowed the dams and calves a minimum of

24–36 hours of bonding time. We assumed the dam gave
birth sometime within 12 hours of the start of localization,
then allowed another 24 hours before designating that the
calf was eligible for capture and handling (Severud et al.
2015a). Total allowed bonding time included any additional
time elapsed beyond the initial 36 hours to the time of actual
capture.
Our 2014 capture season involved 2 phases (8–15 May and

21 May–19 Jun). During phase 1, a 3–4-person (a fifth on 1
occasion) capture and handling team approached calving
(birth) sites (center of the post-calving movement
localization) on the ground. We captured, handled, and
released twins together (Keech et al. 2011, DelGiudice et al.
2015). Because there was no apparent effect of handling

time (�x¼ 9.1min, 95% CL¼ 7.2, 11.4) in 2013 on whether
neonates were abandoned or not, we adopted the same
handling protocol during phase 1 of 2014, with the exception
of excluding blood-sampling for all but the first dam’s twins
(DelGiudice et al. 2015, Severud et al. 2015a, DelGiudice
and Severud 2016). Handling included weighing the calf by
spring-scale to the nearest 0.5 kg, recording various
morphological measurements and a rectal temperature
(�0.058C [SE]), fitting an expandable GPS collar (520 g;
VERTEX Plus Survey-1 Globalstar, Vectronic Aerospace
GmbH, Berlin, Germany), and examining the calf for
injuries or abnormalities. The Globalstar GPS calf collars
fitted in 2014 were the same as in 2013, except we modified
the collar band material to minimize the risk of potential
abrasions to the back of the neck (T. R. Obermoller,
MNDNR, unpublished data). We programmed GPS collars
to take fixes hourly and transmit every third successful fix;
all fixes were stored on board. A more detailed description
of the collar is provided by Severud et al. (2015a). During
the field phase of capture operations, we considered dams
to be with their neonates when they were �256m away,
the mean distance non-abandoning dams were from their
calves during 48 hours post-capture in 2013 (DelGiudice
et al. 2015). We classified dams that were >256m
from their neonates, but then moved to �256m, as
returned. Time spent >256m away from their neonates
and weather conditions were primary criteria for planning
and initiating recoveries of abandoned neonates (Severud
et al. 2016).
Intermittent capture-induced abandonments of neonates

during phase 1 prompted us to discontinue operations after
8 days (8–15 May) to reconsider our capture approach and
handling protocol. Because we considered GPS-collaring
neonates of paramount importance for subsequent monitor-
ing of their proximity to dams and movements, and for
immediate notification of mortalities, we reduced our capture
team to 2 people. We also limited handling to fitting the
GPS collar, sexing each neonate, and visually scanning for
injuries or abnormalities. Additionally, we removed a plastic
sleeve fitted around the top of the expandable calf collars
in an attempt to make them appear less obtrusive and
conspicuous to the dams. As a precautionary measure, we
also used a commercial scent-blocking product on handlers’
clothes, gloves, and on collars. We stored collars in
accumulated forest ground debris before taking them into
the field. We continued to capture and collar twins
simultaneously, 1 team member per calf. Phase 2 captures
began on 21 May; we approached 1 dam with an eligible
neonate(s) per day. We would not attempt an additional
capture until our monitoring documented that the dam was
with (�256m) or had returned to its calf or calves following
capture and release. All captures and handling protocols
adhered to requirements of the Institutional Animal Care
and Use Committee for the University of Minnesota
(Protocol 1302-30328A) and followed guidelines of the
American Society of Mammalogists (Sikes and the Animal
Care and Use Committee of the American Society of
Mammalogists 2016).
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Data Analysis
Previously, we concluded that abandonment and differences
in maternal movement behavior (e.g., dam-to-capture site,
dam-to-neonate distances) induced by helicopter-assisted
capture of neonates reflected pronounced differences in
perceived disturbance of abandoning versus non-abandoning
dams (DelGiudice et al. 2015). We calculated the mean
distance in 6-hour segments using the location fixes of the
dam’s original times and interpolating from the neonate’s
hourly locations or location of the calving site (DelGiudice
et al. 2015), but herein, we expanded our assessment of
disturbance of dams induced by neonate capture. First, we
tested for more subtle potential differences in disturbance of
non-abandoners (only) and their calves relative to the
different capture and handling approaches of phases 1 and 2
described above. We fit generalized estimating equation
(GEE) models and selected a first-order autoregressive
correlation structure to account for temporal correlation
between observations from the same individual (Liang and
Zeger 1986, DelGiudice et al. 2015). But we observed no
significant differences between phases in dam-to-capture site
(x21¼ 1.314, P¼ 0.252), dam-to-neonate (x21¼ 1.034,
P¼ 0.309), or neonate-to-capture site (x21¼ 0.456,
P¼ 0.500) distances from 6-hour bin averages up to 96
hours post-capture of neonates. Given the absence of an
effect of capture phase on these distances, we subsequently
pooled data across phases, and we used GEE models to test
for differences in dam-to-capture site and dam-to-neonate
distances between dams that did and did not abandon out
to 96 hours post-capture. We extended our monitoring
48 hours beyond what we reported for helicopter-assisted
captures (DelGiudice et al. 2015). We treated the 6-hour
segments as continuous (i.e., 16 consecutive time periods)
and tested for overall difference in distances between
abandoners and non-abandoners. We used a similar
approach to quantify differences in neonate-to-capture site
distance between neonates that were and were not
abandoned.
We used generalized linear mixed models to determine

whether differences in bonding or handling times, estimated
birth date, age of the dam, or phase (combined capture and
handling approach) influenced capture-induced abandon-
ment status (yes or no). We employed 1-sided Fisher’s exact
tests to assess the association between the abandonment
status of individual neonates and 3 metrics of physical
development or viability, including body mass, hind foot
length (HFL), and body (rectal) temperature. We also
predicted that neonates of body mass <15.1 kg (95% lower
CL), HFL <42.3 cm, or exhibiting a body temperature
<37.78C (hypothermic) would be abandoned at a greater
frequency than seemingly more developed or healthier
individuals. Because evidence has suggested twins (1 or both)
may be more predisposed to capture-induced abandonment
than singletons (DelGiudice et al. 2015; M. A. Keech,
Quicksilver Air, personal communication), we also used a 1-
sided Fisher’s to determine if this pattern was statistically
supported by our data. We employed 2-sided Fishers exact
test to determine if sex predisposed a neonate to being

abandoned. We conducted all statistical analyses in R (R
Core Team 2017) with the R packages exact2� 2 (Fay 2010)
for Fisher’s exact tests and geepack (Yan 2002, Yan and Fine
2004, Højsgaard et al. 2006) for the GEE models. We
considered tests significant at a¼ 0.05.
During both capture phases, we used the mean distance of

non-abandoning dams from their neonates (calculated from
hourly fixes) during the 96 hours post-capture as a revised
threshold distance to conclude that a dam (non-abandoning
or abandoning) had made a return visit or was with its
neonate(s). We compared mean (95% CL) number of return
visits of abandoners versus non-abandoners, proportion of
time dams spent within that threshold distance (i.e., time
with neonates), distance returned (i.e., distance between dam
and neonate 1 hr prior to returning), and dam-to-neonate
distance of abandoners and non-abandoners once returned.

RESULTS

During phase 1 (8–15 May 2014), our initial approach to
ground captures resulted in 7 (3M, 4 F) of 12 (6M, 6 F)
neonates ultimately being abandoned by 5 of 9 dams in
apparent response to capture operations (Fig. 1). Three of the
abandoned neonates were singletons, and 2 dams abandoned
both of their twins. Capture-induced abandonments began
with a set of twins on the first day of operations, after which
we discontinued captures for several days to reconsider our
protocol (Fig. 1). At this time we removed blood sampling
from the field methods and resumed operations on 12 May
with a single neonate capture and no abandonment.
However, abandonments continued intermittently during
phase 1 through 15 May (Fig. 1). Our capture-induced
abandonment contingency plan and monitoring of hourly
location fixes of the GPS-collared newborns and their dams
allowed us to recover 6 of the 7 abandoned neonates alive and
in good condition (Severud et al. 2016). We transported
these neonates to the Minnesota Zoo, where presently
(11 Sep 2017) at >3 years old they are alive and well. Dam
13771 of the seventh abandoned neonate (13091), a male
singleton, made several return visits (�256m) to the calf
post-capture. However, it was unknown whether they had
actually reunited and engaged in a nursing bout. That calf
died at an estimated 4 days old, about 68 hours post-capture,
25 hours after the dam’s third return visit, and during
the morning of the same day we had planned to make a
live recovery (Severud et al. 2016). Results of a necropsy
conducted at the University of Minnesota Veterinary
Diagnostic Laboratory (VDL) included an empty gastroin-
testinal tract and indicated that neonate 13091 died of
nutritional deprivation.
During phase 2 (21 May–19 Jun) our 2-person team and

abbreviated (�x¼ 0.7min, range¼ 0.2�2.2min; Severud
et al. 2016) handling protocol limited capture-induced
abandonment to just 1 (12608) of 10 dams abandoning 2 of
13 (8M, 5 F) neonates, constituting a significant (Z¼–2.71,
P¼ 0.007) effect of capture phase (i.e., protocol). The
abandoned twins (13096 and 13107) were both female. The
dam was observed during the capture and release of the
neonates, but because of a subsequent pause in transmission
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of her GPS-fixes, her location was temporarily unknown to
us. Once fix transmissions resumed, abandonment was
indicated, but she had made 2 return visits to within an
average 86m of the neonates. We delayed retrieval of the
neonates so as not to further disturb the dam. Upon
recovering the neonates (116 hr post-capture, 63 hr after the
dam had last been <256m), 1 (13107) was dead and the
other was viable, in good condition, and transported to a
licensed captive facility where it thrived for just over 2 years
(Severud et al. 2016). Necropsy evidence from the VDL
similarly indicated that neonate 13107 died of nutritional
deprivation.

Characterizing Capture-Induced Abandonment
Dams that did not abandon their neonates in response to
capture were located �256m of them for a mean 82.7% and
85.7% of their hourly fixes �24 and 48 hours post-capture,
respectively, compared to 12.9% and 16.2% for abandoning
dams (Fig. 2). This was consistent with movement behavior
of abandoning and non-abandoning dams following heli-
copter-assisted captures (Fig. 2). Actual mean distance of all
non-abandoning dams from their neonates during the 48 and
96 hours post-capture in 2014 was 107m (95% CL¼ 85,

129m; n¼ 16 dam-neonate pairs) and 102m (95% CL¼ 89,
115m; n¼ 16 dam-neonate pairs), respectively.
Overall, there was neither a difference in mean distance

between dams and capture sites (also the calving site)
immediately (1 hr) prior to neonate capture for abandoners
(20.3; 95% CL¼ 5.0, 35.6; range¼ 3–57m) and non-
abandoners (20.5; 95% CL¼ 10.7, 30.3; range¼ 4–66m)
nor 1 hour post-capture (149; 95% CL¼ 27.3, 271;
range¼ 8–414m vs. 84, 95% CL¼ 37.0, 131; range¼
4–214m). However, dam-to-capture site distance during the
96 hours post-capture was affected by group (abandoned vs.
non-abandoned; Wald x2 1¼ 20.71, P� 0.001) and time
(Wald x21¼ 4.85, P¼ 0.028) but not group� time (Wald
x21¼ 0.665, P¼ 0.415; Fig. 3). The latter implies that over
time, individuals that abandoned did not move away from
neonate capture sites at a faster rate than individuals that did
not abandon; slopes of the 2 groups differed but not
significantly (Table 1, slope of 16.8 for non-abandoners, 42.6
for abandoners; Fig. 3). We also observed a difference in
mean distance to capture sites between neonates abandoned
and not abandoned (Wald x21¼ 23.39, P� 0.001), a time
effect (Wald x21¼ 6.409, P¼ 0.011), and group� time
interaction (Wald x21¼ 6.552, P¼ 0.010; Fig. 4). Immedi-
ately after capture, neonates not abandoned were an average
46.0m farther from their capture sites than abandoned
neonates. With time, the non-abandoned neonates moved
away from the capture site at a significantly faster rate
(16.0m/6-hr interval) than neonates that were abandoned.

Figure 1. Temporal distributions of the number of moose dams whose
neonates were captured, handled, and released compared to those that
abandoned neonates (top) and the number of neonates captured, handled,
and released compared to those that were abandoned in response to capture
operations (bottom), northeastern Minnesota, USA, 8–15 May (phase 1)
and 21 May–19 June 2014 (phase 2).

Figure 2. Mean (�95%CL) number of hourly locations of abandoning and
non-abandoning moose dams that occurred �256m from their neonates
within 24 hours (top) and 48 hours (bottom) post-capture, northeastern
Minnesota, USA, 8–19 May 2013 (helicopter-assisted) and 8 May–21
June 2014 (no helicopter assistance).
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The latter remained the same average distance over the 96
hours post-capture (Table 1 and Fig. 4), until they were
recovered (�x¼ 50.9� 11.7 [SE] hr post-capture, n¼ 7), or as
in 2 cases, died. Consequently, post-capture dam-neonate
distance differed between those abandoned and not
abandoned (Wald x2 1¼ 85.3, P� 0.001), was influenced
by time (Wald x21¼ 3.798, P¼ 0.051), and exhibited a
group� time interaction (Wald x21¼ 20.68, P� 0.001;
Fig. 5). Results from the model indicate that during the
first time interval (1–6 hr), dams that abandoned were
1,355m farther away from their neonate(s) than individuals
that did not abandon, and afterwards moved away from them
at a significantly faster rate (�x¼ 85.83m/6-hr interval faster)
than individuals that did not abandon (a slope approaching
zero; Table 1 and Fig. 5). Over the 96 hours post-capture, the
mean distance per 6-hour interval of non-abandoners from
their neonates was �134m, and most often 100m (Fig. 5).
Four of 6 abandoning dams made �1 return visit

(�x¼ 1.5� 0.50, range¼ 1–3) to 4 of 9 neonates during
the 96-hour post-capture monitoring period using the mean
distance of non-abandoners from their neonates (102m) as
the threshold indicating return.We recorded return visits for
individual dams only when their neonates were present on
the landscape (i.e., not after retrieval) during the 96-hour
period. For all 9 abandoned neonates, dams were with them
(�102m) for a mean 3% (�1%, range¼ 0–10%) of their
post-capture interval. All non-abandoners (16) made �1
return visit (�x¼ 5.1� 0.56, range¼ 1–9), and were with
their neonates for a mean 74% (�6%, range¼ 30–100%) of
the 96 hours post-capture. Overall, abandoners returned
to within a mean 60.0m (95% CL¼ 31.1, 88.9; range¼
28–98m) and non-abandoners returned to within a mean

45.7m (95% CL¼ 36.3, 55.1; range¼ 2–76m) of their
neonates. However, abandoners were on average 792m (95%
CL¼ 177, 1,406; range¼ 112–1,591m) from their neonates
1 hour prior to returning versus 170m (95% CL¼ 133, 207;
range¼ 124–420m) for non-abandoners.
There was no significant difference (P� 0.742) between

neonates abandoned and not abandoned in mean estimated
birth date (19 May 2014� 2.3 days, range¼ 5 May–17
Jun, n¼ 25) or age of their dams (7.0� 0.8, range¼ 1–12 yr,
n¼ 17). Five of 6 dams that abandoned their neonates did so
during phase 1 with the larger handling teams and more
protracted protocols, but there was no difference in handling
timesof abandonedversusnon-abandonedneonates in phase 1
(�x¼ 7.5� 0.59, range¼ 4.9–10.4min); we recorded handling
times for 8 of 12neonateshandled in this phase.Weobserved a
difference (Z¼�2.05, P¼ 0.040) in mean bonding times of
abandoned versus non-abandoned calves (42� 5.8, range¼
12–65 hr, n¼ 9 vs. 55� 4.5, range¼ 31–98 hr, n¼ 16). There

Figure 3. Mean (�95% CL) moose dam-to-capture site distances up to 96
hours post-capture for dams that abandoned at least 1 of their neonates (i.e.,
1 twin, both twins, or a singleton; n¼ 6) and dams that did not abandon
(n¼ 12), northeastern Minnesota, USA, 8 May–23 June 2014. We used
generalized estimating equation models to test for differences between
groups and present the modeled regression lines for abandoning (intercept
¼ 1,169.7, slope¼ 42.6) and non-abandoning dams (intercept¼ 210.1,
slope¼ 16.8). We treated the 6-hour segments as continuous. Each asterisk
represents when we recovered and removed an abandoned neonate from the
landscape. Once removed, we no longer included subsequent hourly dam-to-
capture site distances for that neonate’s dam.

Table 1. Coefficient estimates (SE) from the generalized estimating
equations models testing how the relationship between dam-to-neonate
capture site (hereafter capture site), neonate-to-capture site, and dam-to-
neonate distances and time period differ between abandoning and non-
abandoning dams (A and C) or between abandoned and non-abandoned
calves (B) up to 96 hours post-capture, northeastern Minnesota, USA, 8
May–23 June 2014. We treated time as a continuous variable (1–16) that
corresponds to 16, 6-hour bins over which we averaged the distances. We
accounted for temporal correlation in the data using a first-order
autoregressive correlation structure for each dam or calf. The Wald
statistic and associated P-value indicate if the coefficient is significantly
different from zero.

Estimate SE Wald P (>|W|)

(A) Dam-to-capture site
Intercepta 210.1 33.0 40.5 �0.001
Abandonersb 959.6 173.9 30.5 �0.001
Time periodc 16.8 6.1 7.7 0.006
Abandoners� time periodd 25.9 31.7 0.7 0.415

(B) Neonate-to-capture site
Intercepta 163.2 24.3 45.0 �0.001
Abandonedb �46.0 9.0 26.2 �0.001
Time periodc 16.0 6.0 7.2 0.007
Abandoned� time periodd �15.9 6.2 6.6 0.010

(C) Dam-to-neonate
Intercepta 84.4 25.3 11.1 0.001
Abandonersb 1,355 219.8 38.0 �0.001
Time periodc �0.0 4.2 0.0 0.996
Abandoners� time periodd 85.8 18.9 20.7 �0.001

a The intercept corresponds to the modeled (A) dam-to-capture site, (B)
neonate-to-capture site, or (C) dam-to-neonate distances in the first time
period for non-abandoning dams (A and C) or non-abandoned neonates
(B).

b Modeled difference in (A) dam-to-capture site, (B) neonate-to-capture
site, or (C) dam-to-neonate distances in the first time period between
abandoning and non-abandoning dams (A and C), or abandoned and
non-abandoned neonates (B). Non-abandoner dams (A and C) and non-
abandoned calves (B) are used as the reference.

c Slope of the modeled relationship between (A) dam-to-capture site, (B)
neonate-to-capture site, or (C) dam-to-neonate distances and time
period for non-abandoning dams (A and C) or non-abandoned neonates
(B).

d Difference in slopes of the modeled relationships of (A) dam-to-capture
site, (B) neonate-to-capture site, or (C) dam-to-neonate distances as a
function of time period between abandoning and non-abandoning dams
(A and C) or between abandoned and non-abandoned calves (B).
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was no effect of sex (odds ratio [OR]¼ 0.243; 95% CL¼
0.037, 1.385; P¼ 0.115) or twinning (OR¼ 0.242; 95%
CL¼ 0.373, 1; P¼ 0.257) on capture-induced abandon-
ment. At the study cohort level, smaller neonates by body
mass (OR¼ 0.301; 95% CL¼ 0.020,1; P¼ 0.955) or HFL
(OR¼ 1.181; 95% CL¼ 0.064, 1; P¼ 0.721) were not
predisposed to capture-induced abandonment, and there
was no difference in mean body mass (16.2� 0.49, range¼
14.0–19.5 kg, n¼ 12) or HFL (43.4� 0.51, range¼
40.5–46.5 cm, n¼ 12) between those abandoned and not
abandoned.However, 2 of 6 of the neonates below the 95%
lower confidence limit of body mass (15.1 kg) and 1 of 3
below the 95% lower confidence limit of HFL (42.3 cm) for
all neonates were abandoned. Additionally, low rectal
temperature (OR¼ 1.540; 95% CL¼ 0.089, 1; P¼ 0.636)
did not contribute to abandonment and did not differ
(38.5� 0.38, range¼ 36.5–41.78C, n¼ 12) between neo-
nates abandoned and not abandoned, but 2 of 3 neonates
with rectal temperatures <37.78C (95% lower CL) and
both neonates with temperatures >39.38C (95% upper CL)
were abandoned.

DISCUSSION

Capture-induced abandonment of ungulate neonates by
their dams is not uncommon, but until recently, the mostly
anecdotal reports have provided only a limited understanding
or characterization of this maternal behavior (Livezey
1990, Bertram and Vivion 2002, Keech et al. 2011, Patterson
et al. 2013). This has made it difficult for biologists to
consider potential predisposing factors (e.g., handling time)
in an effort to mitigate the risk of abandonment during
capture operations, immediately recognize abandonment as

it occurs post-capture, or consider recovery of otherwise
viable abandoned young. Our examination of captured-
induced abandonment of moose neonates demonstrated how
frequent, noninvasive monitoring of GPS-collared newborns
and their dams facilitated confident detection of abandon-
ment as it occurred and yielded insights that could motivate
and assist biologists in minimizing abandonment risk and
successfully retrieving viable young (DelGiudice et al. 2015,
Severud et al. 2016).
Our initial effort (2013) increased our understanding of

this complex maternal behavior relative to circumstances
surrounding helicopter-assisted, neonate capture operations
(DelGiudice et al. 2015). But in our follow-up study reported
here, the increased incidence of capture-induced abandon-
ment during phase 1 of ground-capture operations (5 of 9
dams) compared to 2013 (7 of 31 dams; DelGiudice et al.
2015) suggested that helicopter assistance may not have been
the primary factor contributing to abandonment for
potentially predisposed dams. The size of the capture
team or duration of handling may have been equally if not
more important. Although phase 1 neonate handling
followed the same protocol as in 2013, our 3–4-person
capture teams rather than the 2-person teams of 2013 may
have negated the potential benefit of removing helicopter-
induced disturbance. In Alaska, helicopters are employed for
more efficient access to neonates and to haze off aggressive
dams, commonly encountered during handling (Ballard et al.
1979, Keech et al. 2011; R. Swisher, Quicksilver Air,
personal communication). We included the additional 1–2
persons for our phase 1 ground captures to fulfill that latter
function and contribute to handling efficiency when we
encountered twins, but ultimately the larger team may have
contributed to the increased incidence of capture-induced

Figure 4. Mean (�95% CL) moose neonate-to-capture site distances up to
96 hours post-capture for neonates that were (n¼ 9) and were not (n¼ 15)
abandoned, northeastern Minnesota, USA, 8 May–23 June 2014. We used
generalized estimating equation models to test for differences between
groups and present the modeled regression lines for abandoned (intercept
¼ 117.4, slope¼ 0.1) and non-abandoned (intercept¼ 163.2, slope¼ 16.0)
calves. We treated the 6-hour segments as continuous. Each asterisk
represents when we recovered and removed an abandoned neonate from the
landscape. Once removed, we no longer included subsequent hourly
neonate-to-capture site distances for that neonate.

Figure 5. Mean (�95% CL) moose dam-to-neonate distances up to 96
hours post-capture for abandoned (n¼ 9) and non-abandoned (n¼ 15)
neonates, northeastern Minnesota, USA, 8 May–23 June 2014. We used
generalized estimating equation models to test for differences between
groups and present the modeled regression lines for dams that abandoned at
least one calf (intercept¼ 1,439.4, slope¼ 85.8) and non-abandoning dams
(intercept¼ 84.4, slope¼�0.02). We treated the 6-hour segments as
continuous. Each asterisk represents when we recovered and removed an
abandoned neonate from the landscape. Once removed, we no longer
included subsequent hourly dam-to-neonate distances for that neonate.
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abandonment. This conclusion was further supported when
during phase 2, limiting our team to 2 persons and handling
time to an average 0.7 minutes (range¼ 0.2–2.2min;
Severud et al. 2016), only 1 (of 10) dam abandoned twins
following capture. Evidence indicates that human distur-
bance stimuli are analogous to predation risk, where number,
distribution, or behavior of predators alone or via interaction
with other factors affect perceived risk (i.e., attack and
capture probabilities) and induce similar responses by prey;
the greater the perceived risk, the stronger the response
(Abrams 1993, Hugie and Dill 1994, Frid and Dill 2002).
Because human hunters have been a threat to large
vertebrates such as moose over evolutionary time and
presently, Frid and Dill (2002) suggested that disturbance
stimuli associated with humans approaching on foot may be
indistinguishable by prey from true predatory stimuli.
Despite helicopter-assistance, Ballard et al. (1979) markedly
reduced capture-induced abandonment of moose neonates
by similarly minimizing handling time and limiting handlers
to �2 persons.
The average 48-hour distance of non-abandoners from

their neonates (256m) following helicopter-assisted captures
in 2013 was a useful threshold for distinguishing between
abandoners and non-abandoners then (DelGiudice et al.
2015) and following ground captures (Fig. 2), despite the
shorter corresponding average distance (107m) of non-
abandoners in 2014. This was particularly beneficial in that
the 256-m threshold was integral to developing our
abandonment contingency plan prior to initiating ground
captures, and subsequently guided our largely successful
recovery efforts in 2014 (Severud et al. 2016). Using the more
relevant non-abandoners’ average 96-hour dam-to-neonate
distance (102m) following ground captures also yielded
consistent differences between abandoners and non-aban-
doners that further contribute to our previously limited
understanding of return visits, variations in behavior relative
to capture and handling approach, and the dam’s decision
process when rejecting neonates.

Characterizing Capture-Induced Abandonment
Similar to our study of neonate abandonments induced by
helicopter-assisted captures, movements of dams and neo-
nates were the 2 informative behavioral components
associated with ground-capture-induced abandonment.
However, differences in the movement behavior of
abandoning and non-abandoning dams were not immedi-
ately apparent. Their almost identical mean distances
(�20m) to neonatal capture (birth) sites 1 hour pre-capture
indicated a similar level of maternal attentiveness prior to
capture disturbance. This was consistent with 1-hour pre-
capture (helicopter-assisted) distances of abandoners
(35� 25m) and non-abandoners (24� 4.3m) in 2013,
suggesting that during both years a predisposition to this
behavior was not indicated by an apparent lack of maternal
interest prior to disturbance. Mean distances between
neonates not approached for capture and their GPS-collared
dams (2013) ranged from 27–108m for at least 84 hours
of their calving localization (DelGiudice et al. 2015).

Bogomolova et al. (1992) reported dams stayed within 50m
of their calves for 5–7 days postpartum.

Studies have reported numerous response similarities of
prey animals to human-disturbance stimuli and predation
risk (Hediger 1934 cited inWalther 1969, Berger et al. 1983,
Gill et al. 1996, Frid and Dill 2002). Fleeing (i.e., flight) and
ultimately abandoning parental investment were the 2 most
apparent antipredator responses we observed in our moose
dams. Unexpectedly, in our study area of relatively high wolf
and black bear densities and predation pressure on calves
(Severud et al. 2015a, b), only 5 (3 in phase 1, 2 in phase 2) of
19 dams initially stood their ground and exhibited aggression
(e.g., pinned ears, roaring, charges) toward our handlers.
Aggressive dams have been more commonly encountered
during helicopter-assisted captures and handling of neonates
in Alaska (M. A. Keech, Quicksilver Air, personal
communication). Most of our dams fled, but similar initial
flight distances (1 hr post-capture) of ultimately abandoning
and non-abandoning dams from ground capture sites, as
from helicopter-assisted capture sites, reflected no immedi-
ate tendency toward abandonment. Overall, 15 of 19 dams
(abandoning and non-abandoning) remained within 128m
at 1 hour post-capture during both phases; 2 of the 4 dams
beyond 128m ultimately abandoned neonates, whereas 2 did
not. Additionally, more subtle effects of capture disturbance
were not reflected by the similar initial flight distances of
non-abandoners of phases 1 and 2. Initial flight distances
may be influenced by factors other than the actual
disturbance (capture and handling). For example, aspects
of flight by prey have been influenced by the directness and
speed of predator (or handler) approach, their numbers,
frequency of disturbance by predators, resource quality at the
site of disturbance (i.e., poorer the quality, the greater
probability of flight) and in surrounding habitats, and
the proximity to refuge (Walther 1969, Ydenberg and Dill
1986, Bonenfant and Kramer 1996). Although greater
flight distances immediately post-capture were therefore
not reflective of higher abandonment rates, the lower
abandonment rate during the second phase did meet our
expectation.

Cumulative evidence suggests that the visual and auditory
disturbance stimuli immediately associatedwith captures were
not the predominant factors inducing maternal abandonment
behavior, but perhaps residual effects on individual neonate
behavior contributed to their dams’ growing hesitancy to
accept (Goldberg and Haas 1978). In a low predator (wolves
and brown bears [U. arctos]) density but high fall moose
huntingpressure area ofNorway, Johnsen (2013) reported that
nodamsdefended their neonatesby aggressivebehaviorduring
early June ground checks (no captures) for calves. Rather dams
fled an average 1,363m (117–7,326m) over a 2-hour period
post-disturbance. Although abandonments and returns were
not reported or discussed, the decision to flee from perceived
risk (predation or human-disturbance induced) must balance
the benefits of prolonging their own survival with the cost of
energy expenditure for locomotion and possible loss of their
offspring (Frid and Dill 2002).
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As with helicopter-assisted captures of moose neonates,
movements associated with dam-to-capture site, neonate-to-
capture site, and dam-to-neonate distances 48–96 hours after
capture were most informative in determining the incidence
and temporal pattern of abandonments induced by ground
captures. We postulated that the greater distances of
abandoners to neonatal capture sites and to their neonates
compared to non-abandoners by 6 hours post-capture reflects
a more heightened agitation or stress response to the capture
disturbance and relative to their avoidance reaction (Bodie
1979). This presumed elevated agitation was associated with
a greater and highly variable rate of movement during the
first 30 hours post-capture relative to the disturbance sites
and to their neonates throughout the 96-hour post-capture
period (Figs. 3 and 5). Consistent with an apparent intention
to abandon, these dams largely maintained a greater average
distance from the capture sites compared to non-abandoners.
However, on average, not moving any farther from the
disturbance sites after 30 hours post-capture and no longer
moving at a faster rate than non-abandoners may indicate
that their initial capture-induced agitated state was subsiding
(i.e., “settling down,” Johnsen 2013:6). In contrast, helicop-
ter-assisted captures appeared to have a longer-lasting effect
on movement behavior of abandoning dams because they
continued to move farther from the capture sites and their
neonates throughout the 48-hour monitoring period
(DelGiudice et al. 2015).
Anecdotal evidence from several ungulate studies suggested

that neonates that remained closer to release sites post-
capture were more likely to be abandoned (Trainer et al.
1981, 1983; Livezey 1990). Our observations indeed indicate
that investigating differences in average distances of
abandoned and non-abandoned neonates to capture sites
may be key to understanding what prompts and reinforces
certain dams to continue to invest in their offspring as
opposed to abandoning. The greater average distance from
capture sites (46m) by the first hour post-capture of neonates
not ultimately abandoned versus those abandoned, and
movement in the direction of their dams reflects a greater
apparent viability. Throughout the 96 hours post-capture,
our consistent hourly monitoring showed that these neonates
continued to move at a faster rate and remained farther from
their capture sites than abandoned neonates, whereas the
latter moved less and remained the same average distance
from capture sites until recovery or death (Fig. 4). These
differences were very consistent with those we observed
following helicopter-assisted captures, except the difference
in the neonate-to-capture site distance was not evident as
quickly following that disturbance. Neonates that were not
ultimately abandoned had moved farther from their capture
sites by 7–12 hours post-capture (DelGiudice et al. 2015).
The greater mobility of the non-abandoned neonates
allowed them to remain close to their dams throughout
the post-capture monitoring period. Presumably this
reinforces nurturing behavior by the dams and increased
neonatal fitness, whereas it seems that the sedentary status of
the abandoned neonate(s), continued nutritional depriva-
tion, and weakening condition would reinforce its dam’s

decision to abandon (Verme 1962, Langenau and Lerg
1976). This was reflected by their faster movements and
increasing distances from neonates over the 48–96 hours
post-capture. However, it is plausible that in some cases the
abandonment process and associated nutritional deprivation
of a neonate(s) remaining at or close to its capture site, which
was also the birth-site, began prior to capture.
Return visits of dams to their neonates (i.e., moving from

>102m to �102m), whether ultimately abandoning or not,
allows us to better understand the complexities of abandon-
ment behavior. The average distance of non-abandoners
from their neonates, shorter following ground captures (107
and 102m at 48 and 96 hr) than helicopter-assisted captures
(256m at 48 hr), provided a useful threshold indicative of a
consistent commitment to maternal investment following
the capture disturbance. The number of return visits of all 16
non-abandoners varied markedly (1–9) among individuals
during our 96-hour post-capture monitoring period,
primarily because a number of individuals remained within
102m of their neonates most of the time, whereas others
tended to move farther than the threshold (up to 1,060m),
periodically returning to care for their young (Reese and
Robbins 1994, Bubenik 2007). The distance dams move
from their neonates and the number of return visits is likely
influenced by habitat composition in the vicinity of calving
sites as moose seek and select habitats that are rich in forage
quality but with low risk of predation or other disturbances
(Edwards 1983, Gilliam and Fraser 1987, Berger 1991). The
spatial and temporal aspects of dam and neonate movements
interpreted through their distances to fixed sites of
disturbance (capture) and to one another (moving) allowed
us to assess their immediate and more prolonged responses to
the predator-like disturbance associated with ground
captures, and to one another based on changes in proximity.
Because we know from our own data sets that dams can move
long distances in a brief period (e.g., 1 hr), we acknowledge
that the hourly fixes we collected may have missed an
undeterminable number of returns by abandoners and non-
abandoners. Nonetheless, we observed noteworthy patterns.
Abandoning and non-abandoning dams, for example,
returned to within a similar average distance of their
neonates (58 vs. 46m), but abandoners traveled a markedly
farther distance in the hour of their return (up to 1,612 vs.
1,060m) and proportionately spent far less time close to their
newborns. This would suggest that the abandoning dams
rarely engaged in nursing bouts upon their return. This
characterization of return visits appears to underscore the
hesitancy of abandoners over time to accept (or reject) their
offspring. These dams appear to be struggling with their
maternal instincts. We observed similar patterns following
helicopter-assisted captures, with the exception that we
detected return visits by only 5 of 24 non-abandoners and
there was no difference in the average number of return visits
of abandoners and non-abandoners that made them during
the 48 hours post-capture (DelGiudice et al. 2015). This was
largely attributable to most of the non-abandoning dams
spending more time within the 256-m threshold, whereas
the abandoners spent more time farther than 256m.
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Potential Predisposing Factors
We examined birth, capture, neonate, and dam character-
istics for their potential in predisposing neonates to
abandonment induced by ground captures, just as we had
done relative to helicopter-assisted captures (DelGiudice
et al. 2015), because these had most commonly been the
subject of previously reported anecdotal accounts and
speculation (Livezey 1990, Keech et al. 2011, Patterson
et al. 2013). Most typically, capture-induced abandonment
has not been the focus of reported research. We again
observed little evidence to support the influence of these
factors at the study cohort level, but this may be partly
attributable to marginal sample sizes. Based on our findings
herein and previously reported, and the collective accounts of
others, we maintain that at the individual level, such factors
as dam age (e.g., previous experience rearing young) or
condition and metrics of neonate viability (e.g., rectal
temperature) immediately prior to capture should not be
discounted but further evaluated.
The overall difference in bonding time that we observed

between neonates abandoned and not abandoned was likely
of little biological significance alone, as indicated by similar
mean bonding times of these groups (39.4� 7.2 vs.
41.3� 2.6 hr) during phase 1 when most of the abandon-
ments occurred. This comparison is consistent with our
findings relative to helicopter-assisted captures (40.6 hr;
DelGiudice et al. 2015). Estimated allowed bonding times
associated with capture-induced abandonment of ungulate
neonates have been variable (Livezey 1990); recommenda-
tions from other studies should be followed with caution
because findings may easily be confounded by other intrinsic
and extrinsic factors.
Additional work involving other species, capture and

handling approaches, and varying environmental conditions
should further expand our knowledge of abandonment
behavior and help to reduce its occurrence at a greater scale.
Our phase 2 results and findings of Ballard et al. (1979)
indicate that limiting the number of handlers and spending
minimal time with the animal has notable potential for
minimizing capture-induced abandonment of neonates, with
or without helicopter assistance. Of course, minimizing
handling time sacrifices potentially valuable data that
importantly inform the role of neonate condition on survival
and population performance. Ballard et al. (1979:377) argued
that at times important data should “. . .outweigh the risk and
disadvantages of a high abandonment rate.” We think our
current, more in-depth understanding of capture-induced
abandonment, facilitated by cutting-edge GPS-collar tech-
nology, will permit additional research to identify options to
modestly extend handling times for important data collec-
tion, while minimizing the potential for apparent diminished
viability (i.e., movements) and abandonment.

MANAGEMENT IMPLICATIONS

Our results indicate that capture-induced abandonment of
ungulate neonates is the result of a complex decision process
of dams that may be influenced by cues associated with
movement behavior of the newborns. Relative to our 2

neonate capture approaches (3 including our previous study),
intense monitoring of movements and proximity of GPS-
collared moose neonates and dams in northeastern Minne-
sota permitted us to characterize abandonment, recognize it
as it occurred, and ultimately minimize its occurrence by
reducing handling time and number of handlers. However,
just as the incidence of capture-induced abandonment may
vary with species, location, and capture approach, so too
might the characterization of abandonment behavior.
Finally, it is difficult to know whether the abandonment
decision process may have begun before the approach of our
capture teams, and so was of a more natural origin. That is,
we do not know if capture was the ultimate or only the
proximate cause of abandonment. This has implications as to
whether specific data should be included or censored from
subsequent survival and cause-specific mortality analyses.
Continued study of ungulate abandonment, capture-induced
and natural, facilitated by GPS-collar technology, will
further expand our understanding of this behavior and
best support decision-making in management focused on
population performance.
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