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1.0 Introduction

1.1 Background fStudy

Recruitment in insular Newfoundland's caribou (Rangifer tarandus) herds has
declined substantially in recent years due to low calf survival (Mahoney 2000b). Calf
survival dropped from 63% to <10% within a decade (Mahoney and Weir 2007). the
majority of which is proximately attributable to predation (Norman et al. 2006). Calf
survival largely depends on the physiological condition and behaviour of the mother. and
her resulting ability to provide her calf with nourishment (milk. access to forage) and
protect her calf from harm (predation. :cident, separation. disease). Nevertheless.
studies of caribou maternal behaviour in the wild are surprisingly scant (but see Boving
and Post 1997, E  mark 1971 and Lent 1964).

Relative to other adult females, maternal caribou should have hi; er nutritional
demands due to lactation and higher predator monitoring demands due to the
vulnerability of their young. Very your caribou calves do not discrimir e between
their own mother and other adults (Espmark 1971, Lent 1964) so. consequently. there
may be added behavioural « Is on females with calves for maintaining cor ict with
their calves, especially during weeks immediately post-calving. Differences in behaviour
between adult females with and without calves are important for understanding e
behavioural demands of motherii  and may provide insight into the observed decrease in

calf survival.



Since calf morality proximately caused by predation is very high relative to
starvation and orphaning (Norman et al. 2006), maternal caribou appear to be motivated
by nutrient acquisition at the expense of adequate anti-predator behaviour: females may
be investing in future reproductive effort at the expense of current reproductive success.
Since the 1970’s. antler and jawbone size has decreased in adults (Mahoney 2000a). as
has the birth weiy :of calves (Norman et al. ~106), which suggests that forage quality or
quantity has become limiting. Calves may be more susceptible to predation due to
reduced size, weakness associated with nutrient stress, or reduced maternal vigilance.
Vigilance is considered to be an anti-predator behaviour (Roberts 1996, Treves 2000)
shaped by an individual's perceived risk of predation. If predation-starvation trade-ott
exists between vigilance and for: the consequences of reduced maternal vigilance
may additively contribute to calf vu ‘rability to predation.

In addition to possible nutritional stress, the predator 7 “inin r
Newfoundland has changed in recent years. Historically, the grey wo  (Canis lupus) was
likely a major predator of caribou, but was extirpated from insular Newfoundland around
1920. Bergerud (1971) identified lynx (Lynx canadensis) as the main predator and black
bear (Ursus americanus) as a less significant predator of caribou calves between 1958
and 1964. From 1979 to 1984, lynx and black bear were responsible for the majority of
predation deaths of caribou calves and red fox (Vulpes vulpes) were identified as an
incidental predator (Mahoney et * 1990). Recently, coyote (Canis latrans) and bald
eagle (Hualiaeetus leucocephalus) b 2 alsol n identified as calf predators and black

bear predation now extends throughout the fall (Norman et al. 2006). The expanded

o






1.2 Overview of Study

This project was conducted as part of a larger research initiative invest ating the
causes of decline in caribou calf recruitment. This study is intended to:

e determine whether an apparent trade-off between nutrient  quisition and anti-

predator behaviour exists for adult females;

e if so, :amine whether maternal caribou manage this trade-oftf difterently than

other adult females; and,

e quantity the undisturbed and reactionary anti-predator behaviour of maternal

caribou.

The research was o nized into three parts: group-size effect on vigila e in
adult females; undisturbed behaviour of adult females with calves and those without; and.
response to distu ance. Study components were designed to give an intercon  ted
assessment of the behavioural characteristics of the mothers which may influence calf
predation and are intended to provide information useful in making managemx
decisions and conservation plans appropriate to the behavioural ecology of the caribou.

In social i r¢ itions of n nals and birds, vigilance tends to decline as group
size increases (Elgar 1989, Roberts 1996, Beauchamp 2003a). which is referred to as the
group-size effect on vigilance. I lominant hypotheses to explain this trend attribute the
group-size effect to increased ety or to increased resource competition in large groups.
In order to test between these hypotheses, and establish whether an apparent trade-off
exists between foraging and v ice, [ compared | rns of v “lance observ  in both

foraging and resting groups (section 2.0). If adult female caribou display the group-size



effect and it is attributable to resource competition rather than safety, it implies a
predation-starvation t .avioural trade-off exists.

Calf presence is ex] :ted to intensify the conflict between vigilance and foraging
due to increased behaviou ° demands on mothers. Time-activity budgets during
foraging and observations of vigilance and feeding behaviour were compared between
females with and without calves to determine how maternal caribou manage the
predation-starvation trade-off (section 3.0). As v’ ‘lance is indicative of wariness. and is
thot "1t to correspond with predator detection and avoidance, this component allowed for
an assessment of undisturbed anti-predator behaviour.

To interpret the relationship between v- “lance and reactionary anti-predator
behaviour and to quantify and describe predator avoidance tactics of maternal caribou,
human approaches were used to elicit a fright response. The disturbed behaviour of
maternal caribou and their ~ vesy s compared to other group members to assess calf’
vulnerability and safety with respect to maternal behaviour (section 4.0).

The study was conducted during late spring and early summer, from about the
time of the initiation of calving until the ¢ »ou dispersed across their late summer
range, coinciding with the period when calves are most vulnerable to tality. Study
subjects were social groups and individual caribou of the Gaff Topsail herd in west-
central Newfoundland. In 2003 and 2004, the size of this herd was est 1ited  3530-
4100 individuals, 65% of which were adult females (G. Luther, pers. ¢ 1m.). The study
site was a portion of the calving and « “y-summer range of the Gaff Topsail herd

(Appendix I).



2.0 The Group-size Effect on Vigilance: A Test between Hypoth es

2.1 Introduction

Vigilance behaviour is generally considered to be an anti-predator behaviour
(Roberts 1996, Treves 2000) shaped by an individual's perceived risk ot predation.
though it may be altered by conflicting behavioural needs, such as acquiring sufticient
food (Elgar 1989, Beauchamp 2003a). Vigilance allows for information gathering that
should improve predator detection: a completely unobservant animal would not detect
predators approar ing. Other ecologically and biologically significant information is
likely obtained concurrently, such as the location of food sources and the behaviour of
other individuals within a social group.

The cognitive aspects of vigilance (what animals are looking at or for. and why)
are poorly understood (Bekoft 1996) limiting our ability to inte  etv at information is
being gathered (Bekoff 2003). Whether vigilance is primarily motivated by
environmental monitoring for p  lators is uncertain. Nonetheless, studies of v© "lance in
many mammal and bird species have shown a positive correlation with predation pressure
(e.g. Boving and st 1997, Hunter and Skinner 1998. Laundré et al. 2001, Childress and
Lung 2003) and distance from escape terrain (Frid 1997, Mooring et. al. 2004) or
distance from visually obstructive cover (Rolando et al. 2001, Mooring et al. 2004)
implying that the perception of risk is related to vi~*lance behaviour of individuals.
Similarly. in control .ex  ments, ¢ ry cattle displayed higher v > In response

to increased levels of da1  :r in their local environment (Welp et al. 2004).



The reduction of individual vigilance with increased social group size is one of
the most commor / reported trends of vigilance behaviour in gregarious species of birds
and mammals (Elgar 1989, Roberts 1996. Beauchamp 2003a: but see Treves 2000,
Barbosa 2002, Roberts 2003). This tendency of individuals to decrease vigilance as
group size increases is referred to as the group-size effecton v' 'lance. Three :valent
hypotheses exist to explain this trend: shared predator detection, dilution of risk, and
increased competition for local resources.

The many-eyes hypothesis (Pulliam 1973) suggests that indivi 1als benefit from
being in a group because they are Hle to share vigilance among group 1 :mbers.
Predator detection can remain high or improve with many eyes while still allowing
individuals to decrease vigilance and apportion more time to other activities. This
hypothesis assumes that predator detection influences the risk perceived by individuals
and that information about predator presence is transferred among group members. Early
detection of predators can reduce the risk of attack or increase the likelihood of escape or
defence in the event of an attack.

The anti-predator benefits of forming groups extend beyond shared predator
detection and include effects of dilution of individual risk as group size increca 5. The

dilution hypothesis (Roberts 1996) asserts that as  oup size increases, indivic 1 risk

declines. thus requirement for vigilance is reduced. Improved or shared predator
detection is unnecessary to explain the group-size effect because the simple fact of

141

“in of risk is enough to pro¢ e the decrease in individual v* ‘lance.









Caribou offer a good opportunity to test between the selfish-herd eftect
hypotheses and the resource-competition hypothesis. Caribou forage and rest in social
aggregations, and their resting postures include both lying and standing. The naturally
occurring states of foraging. standing at rest, and lying at rest are seas: ally concurrent
and observed frequently enough to test between the selfish-herd effect and resc  ce-
competition hypotheses by observit the pattern of vigilance with respect to gt 1p size in
each of these posture-activity states. If the group-size effect is observed only in foraging
caribou, there is support for the resource competition hypothesis; if it is observable
during rest, there is support for selfish-herd hypotheses. This is the first study, to my
knowledge. of the grou ize effect in non-foraging ungulates, and the first to compare
foraging and non-foragit patterns of v’ ‘lance within the same population ove the same

time period.

2.2 Methods

Be' rioural data were collected from undisturbed caribou groups by
ins eous sci  sampling (IF7) (A 1ann 1974). ISS was conducted between 06h00
and 21h00 local ne for groups in which: no individual appeared to be aware  my
presence, and the caribou were clearly visible by the naked eye, or with the aid of
binoculars or a spotting scope. Groups separated by > 75 m (estimated visually) were
considered to be in separate groups. Observations were made at distances of 100-400 m,

most commonly 200-350 m.
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2.2.1 Subject Selection

Caribou were located by chance encounter; all study subjects were within a 10 km
radius from a temporary camp or within a 6 km of either side of an abandoned rail-bed
(for study site location and description, see Appendix I). The maximr n distance from
campsite or rail-bed access in which subjects were found reflects time and mobility
constraints of conducting research on foot, rather than distribution of caribou in the
immediate area. The direction initially traveled away from camp each morning was
decided by a random number table to reduce the possibility of encountering the same
caribou on consecutive days, and to minimize the ¢© ce of collecting data from the same

location at the same times each day.

All data were recorded on a hand-held microcassette recorder in order to maintain
constant visual contact with a oup during a scan. Prior to each scan, I recorded habitat
descriptors, weather condit” 1, >up- nsity, and insect activity (Appendix IV). 1
scanned groups at 15-min intervals for periods of 15-120 min, providing data sets of 2-9
scans. For each scan, the sex and i  class and current behaviour ot each individual in
the group was recorded as soon ¢ the individual was looked at. Scan directior eft to
right or right to left) was decided by random number table. Sampling periods ended:
after *~) min; if the caribou moved out of sight and could not be re-sighted within 30
min; or, if individuals appeared to become aware of my presence. [ considered caribou
aware of my presence if any of :follov = occurred: a stare directed 7lor ion;

"rt postures (ears and tail erect, head up. may be accompanied by modified ur ation
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variable. Actual F-values differed between these methods but there were no
discrepancies in decisions of significance; parametric tests lend themselves better to post
hoc evaluations of significant explanatory variables, so the results presented are those of
the parametric tests.

Weather variables, biti  insect activity. and season (peri-calving and early
summer) are potentially confoundi  variables as they are expected to correlate with each
other (Mdrschel 1999). Few scans were collected in unusual weather conditions (e.g.
light snow, severe rain) or those that hindered my ability maintain visual contact (e.g.
dense fog, high winds). Ease of observation was restricted by visibility and subject to
existing weather conditions on each day:; the data collected do not yield enough variation
in weather conditions to maintain sufficient statistical power. so weather variables were
not considered. The presence of na  bot and warble flies (both Oestridae) are best
determined by the behaviour caribou themselves (Morschel and Klein 1997) rather than
by direct observation. To avoid circular analysis. insect activity was not considered.

All statistical tests were ; formed using JMP IN 5.1 (SAS Institute 2( ).

2.3 Results

In total, 3217 individi  behavioural observations were made within 617
instantaneous scans of 78 gro | . of caribou. Thirty-six groups were observed during the
peri-calving season and 42 were observed in early summer. Thirty-nine groups contained
calves, 39 groups did not. Exclusic of ies.:  lings. and calves and summary of

vigilance by posture and activity catt ry for each scan resulted in a sample size of 513.
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2.3.1 Predictors of vigilance
Posture and activity category was related to proportional vigilance (F(7 210y =

86.16, p = <0.001) (Figure 2.1). Females Standing Active had the lowest levels f

vigilance (x =0.13+0.016, 1 )5); those Lying Inactive had the highest levi (x =
0.70 £ 0.030, n = 142); those Standing Inactive were slightly more vigilant than foraging
females ( x =0.25 + 0.037, n = 106). Mean vigilance of posture and activity categories
all differed ( Tukey HSD: q = 2.35. p <0.001). Group size was negatively related to
proportional vigilance of combined data (F(7.240) = 3.94., p = 0.048) but, though

statistically significant, was not strongly explanatory (r’ <0.01).

2.3.2 Group-size effect within posture-activity categories

The pattern of proportional vigilance relative to group size differed between
active and inactive caribou. Females Standii  Active displayed lower v’ "lance in larger
groups (t123 -2.80, p=0.005); for those Standi1  Inactive or Lying-Ii :tive,
vigilance was not affected by group size (Standing-Inactive: t1 104 = 0.29.p= 771,

Lying-Inactive: t(; 1300 = 17.8, p= 0.441) (F 2.2).

15
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Figure 2.1 Observed proportional vigilance by female caribou relative to posture and activity
category. Adult females were least vigilant during active periods and most vigilant when lying at
rest. Mean vigilance is differed significantly between each category. Means are shown + SE.
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2.4 Discussion

2.4.1 On Recognizing Vigilunce

There is inconsistency among published studies in defining behaviour as vigilant.
even within group. such as ungulates. Shorrocks and Cokayne (2005) defined vigilance
in impalas (4epyceros melanmpus) as "when the head was raised. and |the impala]
appeared to be looking around, for any amount of time" (p. 92). Cameron and duToit
(2005) used a similar definition but qualified it by requiring it to last "at least 1 s without
chewing" (p. 1339), presumably to measure costly vigilance only. Frid (1997) detined
vigilance for Dall's sheep (Ovis dulli) as an interruption of "food searching or handling to
stand with the head raised above the shoulders" (p. 803), not requiring overt looking
around. Childress and Lung (2003) defined vigilance in elk (Cervus canadensis ) as
standing with the head at or above shoulder level. whether it was an interruption of
foraging or not, and considered all lyii  postures to be non-vigilant whether the head was
raised or not (p. 391). Mox al. (2004) classified all observed bi  aviour  a five-
category vigilance hierarchy'. Boving and Post (1997) disti1 iished between caribou
standing with the head erect and observing the environment, and the i zrruption of a

feeding bout to raise the head (preceded and followed by feeding): although o1 - the

' The hierarchy weighed relative attentiveness to the environment, from least to most vigilant: feeding with
the head down; lying or moving with the head  wn; feeding head up or standing head down; moving head
up; standi:  or lying head up; stan ilert (Mooring et al. 2004, p. 522)
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scanning is only one component of how animals can monitor their surroundings. What
animals are looking at or for during overt visual scanning is difficult to assess (I :off
1996, Treves 2000, Beauchamp 2003b). To further complicate this, valuable vi 2l
information about predators can be acquired in a head-down posture (Fernandez-Juricic
et al. 2005, Bednekoff and Lima ~705) and some species are capable of detectir
predators when not overtly v* ‘lant (Lima and Bednekoff 1999).

In the study of vigilance, the behaviour traditionally measured and inter; :ted is
the act of raising t  head (but see Treves 2000, Blumstein et al. 2003). Although
vigilance is possible from head-down postures, defining vigilance operationally vy a
head-up posture is not arbitrary: when the head of an animal is raised. the visual,
olfactory and auditory organs are raised concurrently, increasing the range of the
environment that can be observed. Head-up postures increase the range  which
predators are detected relative to head-down postures (Lima and Bednekoff 1999,
Cresswell et al. 2003a). For many ungulate species. the highest visual acuity in the eye
corresponds with the horizon when the head is lifted (Cronin 2006).

Head-up postures are useful to understand even if they make up only a portion of
an individual’s vigilance. Head-up behaviour incre s after a disturbance toz oup
(Duschesne et. al 1992, Roberts 1995). Overt vigilance might be partly >tivated by the
need to verity a stimulus detected while the head was down. Anecdotally. during my
field observations, an individual detectii my presence would often snort loudly. In

) :to the snorting, m bers would lift theirt . but often resumed

their previous behaviour within seconds, _ardless of the continued alert posture of the



snorter. Bighorn sheep (Ovis canadensis) react with a head-up posture to olfactory
stimuli likely perceived while the head is down (R. Sayre, pers. comm.).

Apart fre 1 monitoring and verification, head lifting may have a function in
predator deterrence. Fitzgibbon (1989) observed tl  cheetahs (Acinonyx jubi  1s)
preferentially attacked less v' "lant Thompson's izelles (Gazella thomsonii). Scheel
(1993) suggested that African lions (Pantheru leo) selectively choose prey based on
seasonal lows in their vigi 1ce and noted that stalking lions delay movement  til all
prey group members have their heads down. If predators can assess and respc 1 to prey
vigilance, prey might use overt vigilance as a signal to potential predators thereby
deterring predation attempts. Given the evidence of the increased vulnerability of less
vigilant individuals a1 " the reaction of predators to overt signs of vigilance, vigilance
might reflect an individual's perceived risk of predation but relate inversely to the actual

risk of predation.

2.4.2 Vigilance in the Gaff Topsail Caribou Herd

In this study, all behaviour in which individuals were observed in a head-up
position was considered v' ‘lant (Appendix III). I chose this " :finition to acknowledge
the increased sensory benefits of raising the head, the potential function ot the head-up
posture as a signal to predators, and to allow for comparisons between foraging and non-
foraging animals.

V' “lance was lowest for standit  caribou. and lower for those foraging than

those standing at rest, indicating that a trade-oft betw 1 foraging and v "lance exists.
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Vigilance was highest for caribou lying at rest, which is consistent with the increased
vulnerability of this posture.

I observed higher vigilance levels than that reported for Alaska or Greenland
(Boving and Post 1997). This may be partly due to considerii all hea up behaviour
vigilant in this study. but even in comparing lying behaviour exclusively, the Gatf
Topsail caribou spend a greater proportion of time with their heads elevated (Gaff
Topsails: 0.70 £ 0.03; Alaska: 0.37 £ 0.01; Greenland: 0.21 £ 0.01). I[n a lying posture,
discrepancies in vigilance  els are not attributable to differences in forage availability
or quality. Boving and Post (1997) suggested that caribou were more vigilanti Alaska
due to higher predation risk; caribou predators were varied and abundant in Alaska and
were absent from the study area in Greenland.

Similar to the Gaff Topsail herd. during their study, the Alaskan herd w
experiencing a population decline due to low recruitment. The Alaskan decline is
primarily attributed to nutrient stress (Stephenson et al. 1999) but predation by wolves
and brown bear (Ursus arctos) proximately contributed to low calf survival (S ers et al.
2003). Differences in vigilance rates may be due to differences in current or historic
predation risk or differences caribou ecology.

Predator diversity was greater for the Alaskan herd: in the Alaskan field site,
caribou predators included wolves, brown bear, coyote. lynx, goldene "z (Aquilu
chrysaetos), and wolverines (Gulo gulo) (Boving and Post 1997). There is insufficient
information available to eval e diffe 1ces in predator abundance. Calf prec .ionin

alar Newfoundland has recently changed with the arrival of coyote.  edati 1 by bald

[0
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eagles, and an extended season of predation by black bears (Norman et al. 2006): a
relatively novel predator guild or recently increased predation pressure may be fficient
to increase wariness above that in a more stable predator-prey system. Alternatively.
Newfoundland’s caribou may have a tendency toward high rates of vigilance because of
historic predation pressure; due to low prey diversity, insular Newfoundland’s small
predators may have traditionally relied more heavily on caribou calves than mainland
predators.

Differences in ecology may also account for observed difterences in vigilance
and have a substantial effect on predation risk. Alaskan caribou migrate over great
distances, which may allow thi  to leave predators behind, or space away (Seip 1991)
from predators more easily than the relatively sedentary caribou in Newfoundland.
Additionally, caribou aggr: itions in ¢/ 1ska were  ich larger than those in this study:;
although no group-size effect was obse 2d inrest 3 groups, group size may still
contribute to perceived predation risk.  »ving and Post (1997) observed groups of up to
900 individuals; in the Gaff Topsail herd, groups in excess of 90 individuals were rarely
seen. Ba 1-ground caribov (s are typically larger than those of woodland caribou:
diluti  of individual risk n ' affect v ‘lance in groups at a scale [ was unable to

measure.

2.4.3 The Group-size Effect
The group-size effect was obs:  ed in adult females only durir  active periods.

1ich are overwhelmingly cha :terized by foraging behaviour. Adult femali showed












vigilance patterns, providing a richer understanding of the ecological and evolutionary
relationships in predator-prey systems and behaviour. Empirical evidence of how
predators and their prey respond behaviourally to each other and which combined
responses increase or decrease the likelihood of successful attack by predators is scarce.
limiting our ability to create realistic models to predict prey behaviour (Lima 2002).
Without sound modeling. testing our theoretical constructs or interpreting our empirical

evidence of behaviour such as v* “lance and a; egation is difticult at best.






2.0), suggesting that increased for. ng requirements would result in reduced v lance.
However, females with calves should have greater need for both behaviours and may
manage the starvation-predation trade-oft differently than their non-mother counterparts.
Despite the demands of lactation, female caribou with calves displayed higher vigilance
than those without in both Alasl and Greenland (Beving and Post 1997); similarly, in
impala and wildebeest (Connochaetes taurinus), females with young are always the most
vigilant in a group (Hunter and Skinner 1998).

The Gaff Topsail caribou herd is sexually segregated during calving. Females
aggregate on the calving grounds and form nursery bands consisting primarily  "adult
females and calves; yearlings are sometimes present in these groups. Three to  weeks
after calving, males arrive on the calving grounds and join the female groups. As these
mixed groups begin to form, the caribou depart the calving grounds for their early
summer range. Due to group composition char s and high intra-group synchrony of
activity (Maier and White 1998, Collins and Smith 1989), behaviour of all females during
the early summer may change due to the influence of males in the groups. As calves gain
experience, vigilance requirements of their mothers should decrcase. Additionally. as
body reserves are restored, the feeding requi :nts for females without calves should
decrease. Females with calves., however, may take longer to replenish reserves. continue
to have added nutritional demands to support lactation and should thus maintain high
nutritional requirements throt out the summer.

In this study, [ e ine time-activity buc of maternal and non-maternal

females during periods of activity, which are predomin ly che :terized by foragi
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activity. In addition to the proportion of time dedicated to foraging and vigilance. and to
analyse more subtle maternal behaviour, | compare feeding intensity (the portion of
foraging time spent handling and ingestit  food, relative to the total time spent foraging),
and the frequency and length of Feeding and Searching bouts, and the trequency and
length of vigilant behaviours. How maternal caribou manipulate their foraging and
vigilance can provide insight into nutritional demands, perceived risk, and calf
monitoring. High predation risk and high calf-monitoring demands may result in greater
time spent vigilant and reduced foraging. High foraging demands may result in more
time spent foraging or higher Feeding Intensity: the former would be expectec 1 result in

lower vigilance.

3.2 Methods

To invest” ite differc :es in behaviour between females with and without calves.
continuous focal observations (Altmann 1974) were used. Focal females were selected
only from groups containing at least one female with a calf and at least one {fcmale
without, to be able to interpret maternal behaviours which exist despite social facilitation:
since caribou are social, I was interested in maternal behaviour which exists despite
possible influence of non-maternal group members. Observations were conducted
between 06h00 and 21h00 local time for individuals in groups where: no group member
appeared to be aware of my presence, and the focal individual was ¢l 'y visible with the
aid of binoculars or a spottii  scope. Focal females were chosen from active group

members with the aid of a random number table.



3.2.1 Data Collection

Prior to beginning each observation and again at completion. I recorde habitat,
weather, group density, group size and oup composition variables (Appendix 1V).
Focal samples for each selected female ended either: at 30 min; when the individual
moved out of sight; or, if the individual apparently became aware of my presence,
whichever came rst.

Observations less than 20 minutes in length were discarded. I intended to collect
focal samples only during active periods. but if a female became inactive during the
observations, | continued to record her behaviour. Periods of inactivity >3 min were
excluded from the sample as v 5 the behaviour preceding the inactive period; inactivity
for <3 min followed by a resumption of active behaviour (like Walking or Feeding) was
considered to be part of the active period. The maximum observed length of inactive
behaviour that was both pre 1 dsucceeded by active behaviours was 42 seconds.

Focal individuals were watched continuously: all changes in behaviour (Appendix
IT) were recorded on a microcassette tape running continuously, and recordings were
transcribed to data sheets (Appendix V), using a stopwatch. A random subsample (10 of
98 focal samples) was transcribed a second time, to assess the repeatab ty of measuring
behavioural intervals. The subsample and originals were inspected visually; durations
rarely (less than 4 per sample) differed by more than 0.5 seconds and the sequence of

behaviour recorded did not differ between transcriptions, so the originals were accepted.
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3.2.2 Statistical Analysis

Weather variables, insect activity, and season (peri-calving and early summer) are
potentially confounding variables as they are expected to correlate with each other
(Morschel 1999). As in section 2.2.3, weather variables and insect activity were not
considered in the analysis.

All statistical tests were  formed using JMP IN 5.1 (SAS Institute 2003).

Activity Budgets

Proportion of time dedicated to each Behaviour Category (Column 111, Appendix
[1I) was used ast :unit of analysis for activity budgets, each focal observation period
yielding one measurement per Behaviour Category. Preliminary analysis of Behaviour
Categories by univariate GLM ANOVA was conducted wherein proportional data were
treated in separate analyses as ordinal (to approximate a non-parametric test) and as
continuous response variables. Observed trends and decisions of signi :ance did not
differ between the methods: since the data are correlated by nature of representing
portions of the activity budget, and parametric statistics allow for GLM multivariate
analysis. a GLM MANOVA was constructed to analyse the activity | t of female
caribou during active periods.

A GLM MANOVA was used to analyse the activity budget of female caribou
during active periods. Explanatory var Hles included in the MANOV A analysis were
presence of acco panying calf, s€ n, group size and all 2-way interactions. Post hoc
tests were incorporated a priori intc MANOV A model to appropriately distribute

degrees of freedom.
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Foraging

As a Behaviour Category, foraging consists of Feeding (handling and ingesting
food) and Searching (lookii  for food); Feeding Intensity was described by the
proportion of Feeding relative to the sum of Foraging behaviours. GLM ANOVAs were
used to test for differences in Feedir Intensity and to analyse the rate and duration of
Feed and Search behaviour. T :of 5 focal observations where <10% of the
observation period was ded  ed to for 'ng were identified as obvious outliers during
visual inspection of plotted Feedi: Intensity data; all 5 were thus excluded frc  analysis
of foraging behaviour.

Feed and Search patterns were compared between females with and without
calves. Mean proportion, mean duration (s). and mean frequency (bouts per minute) were
response variables in GLM MANOV As; explanatory variables included were presence of

accompanying calf, season. oup size and all 2-way interactions.

Vigilance

All behaviour performed with the head elevated was considered vigilant
behaviour (Appendix III). The proportion of time spent vigilant, mean duration of
vigilant bouts (s). and mean frequency of vigilant behaviour (bouts per minute) were
analysed in a GLM MANOVA. The MANOVA model included secason, calf - sence,
group size, and all 2-way in tions  explar ory variables. Post hoc univariate tests

were perfc  2d for each response.



3.3 Results

A total of 2155 minutes of focal observations were collected for 98 adult female
caribou (55 with calves). Fifty-five samples were obtained during peri-calving (31 with

calves); 43 samples were obtained during the summer (24 with calves).

3.3.1 Activity Budgets

Activity budgets of females with and without calves did not ditfer (F7.90) = 1.78. p
=0.092) (Figure 3.1). Females spent less time Fo :ing (F(j 94y = 12.73. p =0.001),
more time Walking (F(; 94y = 6.87, p=0.010), and more time Standing (F;; 99y =5.52.p =
0.021) during summer (Figure 3.2).

Although the overall :tivity budgets were the same for maternal and non-
maternal females, it is notable that in post hoc univariate tests the only s* iificant finding
was that time sp t Lying durir active periods differed (F(j 94y  3.96. p = 0.049);
females without calves occasionally interrupted Foraging to lie down, but females with
calves were never observed to do so.

... activity budget for all females was related to the interaction of season with
group size (F7.90) = 3.00, p = 0.005). The amount of time spent Walking was lower in
larger groups (F(1.0sy=4.11, p= 0.046) and the proportion of time spent Foragii was
h" "ier in larger groups (F(194y=5.41,p=0.""""(F e 3.3). The relationship between

activity buc~~ts and group sizev ;mo oronounced in the summer.
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3.3.2 Foraging

Females with calves had a higher Feeding Intensity than those without 595 =
20.45,p <0.001). Feeding Intensity for all females was lower in summer (F s 92y = 6.45,
p = 0.013), although mat  al caribou reduced Feeding Intensity less substantially
(Figure 3.4).

The set of measures (proportion of time, bout frequency. bout duration) to
describe Feeding differed between females with calves and without (F2g5) = 8.57.p <
0.001) and was related to group size (F23s) = 4.18, p = 0.008). Feeding bouts were
longer in larger groups (F.00) = 6.08, p = 0.016. r” = 0.048) for all adi  females pooled
(Figure 3.5). Females with calves initiated Feeding less frequently (F(2g9y = 24.10. p <
0.001) and fed for longer periods (F(2.59) = 15.39, p <0.001) than those without calves
(Figure 3.6). ..i€ set of Searchir - measures dif  ed between females with and without
calves (F2 80, 5.04.p 0.003). Females with calves Searched less frequently (F .0y =

13.24, p < 0.001) for shorter pet s (Fa.89)= 6.10, p = 0.015) than those with: 1.
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Females with calves tend to feed for longer periods of time and initiate feedin
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Figure 3.7 V  lance of adult females with and without calves in relation tc  oup size, as
estimated by continuous focal observations. | nal caribou display v~ “ant behaviours less
often, but spend as much time vigilant overall ser bout as those witnout calves. Regressi
lines are shown for significant relationships with group size.
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The observed feeding patterns might simply demonstrate that those females who
are the best foragers are more likely to produce and maintain calves. Maternal body mass
is positively correlated with calf survival (Fauchald et al. 2004), as is maternal e
(Weladji et al. 2003) and, thus, experience. Larger females may either be better foragers
or need to feed more intensely because of a larger rumen capacity: due to their likelihood
of maintaining calves, they may have contributed a disproportionately to the focal
samples as time since calving increased. The striking difference in the reduction of
Feeding Intensity in early summer between those with and without calves may be
interactively caused by continued high nutritional demands and increasing sampling bias
toward larger females. To test whether maternal fo ing patterns affect the probability
of maintaining a calf throt * the .rly summer, known adult females with known calf
retention would need to be observed repeatedly through the season.

Holand et al. (2004) showed a correlation between adult female »minance and
body mass in penned reind  groups. Kojola (1989) observed that female social
dominance in semi-domestic reindeer oups predicts the over-winter weight gain of
calves; the higher the mother is in social hierarchy, the heavier her calf will be at winter's
end. It is not clear, however, whether these f  ales are larger bec 1se they are socially
dominant and have access to preft  d forage sites or whether they are socially dominant
because of their size. Social hit  chies have rarely been noted in wild populations of
caribou; hierarchies may form only under artificially high densities or around  arce but

defensible food patches (Barrette and \'  dal 1986).
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Although females with and without calves all experience similar range quality.
maternal females compensate for their increased nutritional demands by forag 2 more
intensely at the apparent cost of vigilant behaviour. Additionally. in opportunistic field
observations during this study, calf sur ling normally concluded by cessation of nursing
by the mother (Appendix VII), indicating that calves were not feeding to satiation.
Concurrent with the recent decline in calf survival, Newfoundland's insular caribou herds
have experienced decreases in calf weight, adult body size, and antler size (Mahoney and
Weir 2007). The combination of these observations suggests strongly that
Newfoundland's caribou are under nutrient stress. The smaller size of calves increases
their predation risk, but the reduced vigilance of maternal may additively affe calf

vulnerability.
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predators when = geting caribou calves but may also be coursing predators (S. Mahoney.
pers. comm.); lynx are primarily ambush predators (Murray et al. 2005); and coyote have
been observed both stalking d coursing (Lingle and Pellis 2002) when hunting large
ungulates. Newfoundland’s insular caribou may have predator avoidance behaviour
specific to partic ar predators or to di  rent hunting styles.

In both years of study during} 1~ “vii season, bald e: 'es were sighted almost
daily, black bears were observed twice, and coyote and lynx were never directly
observed. In the early summer season. coyote tracks and fresh bear scat were observed
infrequently, a bear was s~ "ited once, and coyote and lynx were never directly observed.
In 2003 and 2004, coyote and bald eagle were each responsible for 36% of known
predation of radio-collared calves in the Gaff Topsail herd; black bear and lynx were
predators of lesser effect (Norman et al. 2006).

In addition to natural predators, the Gaff Topsail herd is subject to hunting
pressure outside of the studied field season. Human presence was typically absent in the
study area during the peri-calving season, moderate during late spring & . early summer.
and was usually associated with machinery. | was only twice aware of other people on
the calving grounds; in both cases a float plane landed on a pond and two men were
observed fishing. In other parts of the spring range. there is all-terrain vehicle (ATV)
traffic on an abandoned railway (Appendix I), which is used for recreational access. In
the study area used during the early summer season, there is daily traffic on the wood
roads associated with forest | tii ~ The wood r ls also provide s for

occasional pedes an berry pickers and recreational ATV traffic. The caribou most



commonly occupy bogs and unused wood roads (pers. obs.) during this time: berry
pickers were occasionally observed in bogs and ATV users sometimes used roads within
visual range of caribou groups but were never seen to approach the animals.

Human approaches have been used to measure the reaction of ungulates to human
disturbance (Fortin and Adruskiw 2003, Aastrup 2000, Baskin and Scc ‘and, 2000,
Andersen et al.1996, MacArthur et al. 1982) and to estimate their predator avoidance
behaviour (Lingle and Wilson 2001, Caro et al. 1995, Caro 1994). Caribou and other
ungulates are expected to perceive humans as predators, particularly when apy  ached by
pedestrians (Webster 1997). Alert distances of white tail deer (Qdocoileus viginianus)
and mule deer (0. hemionus) are similar whether approached by hum: sorby Hyote
(Lingle and Wilson 2001). Moose (4/ces alces) respond with a longer run distance and a
greater physiological response when approached on foot than when approached by
machinery (Andersen et al. 1996) implying that pedestrians are perceived as a greater
threat.

Using human approaches I ts the ability to generalize results of the study to
other predators, but actual predation e’ 1itsared  cult to observe predictably or reliably.
Human approach is a practical and controllable way of eliciting a reaction to threat. In
this study, | approached caribou groups directly and on foot in habitat with high
visibility; the reaction of caribou to this type of approach is best interpreted as a proxy for
the reaction to coursing (due to visibility) or stalkit  (due to quiet approach) predators.
In white tail deer which, likeci ju.  yono ! predators for avoidance, coyote

attacks are most likely to escalate to kills if the group fails to stay togi er whi  fleeing
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4.2.1 Subject Sel.  ‘ion

Groups of caribou were located on foot by chance encounter in habitats with high
visibility (bogs, fens, barrens, and wood road sections with vegetation <0.5m high on
either side). Open habitats were chosen in order to ensure the caribou's visibility of my
approach and vice versa. Prior to approach, | watched the group to ensure the caribou
were not aware of my presence or already alert in response to other stimuli. Groups in
which any individual appeared to be agitated (standing or walking with ears and tail
erect; engaging in running or trotth  performing an excitation leap) or in which any

individual appeared aware of my  sence were not used for trials.

4.2.2 Natural Pre-Disturbance Behaviour

Prior to beginning an approach, I conducted two instantaneous scans of the whole

and group vigilance. Activity was classified as Acti*  or Inactive (Appendix I11) for the
whole group by the Activity displayed by the majority of group members. Posture was
determined similarly, and classified as Standing or Lying. Vigilance was measured by
mean number and mean proportion individuals Vigilant (any behaviour in which an
individual’s head was elevated at or above the shoulders was considered Vigilant; see

Appendix III).
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4.2.3 Approaches

To elicit a fright response from caribou, [ directly approached the center of the
group on foot at =~ 4 km/hr. All groups were approached from a distance > 350 m.
Directions of approach, wind direction and the slope of approach (walking uphill,
downhill or level) were also recorded.

A laser rangefinder (Bushnell Yardage Pro 1000) was used to measure Alert
Distance (AD), Flight Distance (FD), and Run Distance (RD) (Taylor and Knight 2003);
Flight Lag (FL) was calculated as the distance moved by the researcher between AD and
FD (Table 4.1). Qualitative measurements of disturbance response were recorded as
follows: the sex and age category and reproductive status (if female) of: first individual
alert; first individual to flee; and last individual to flee. Presence or absence of curiosity
return and behavioural response of the group during and after flight (moving together,

spreading, splitti |, no cha (Table 4.1) were also noted.
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The greatest AD observed was 309 m and the majority of alert distances measured
were less than 150 m. All groups were approached from a minimum distance of 350 m.
so it is unlikely that approach distance affected AD (caribou did not adopt alert posture as
soon as the approach began, it occurred sometime later).

FD was highly correlated with AD (r=0.952, Z = 8.669, p < 0.001) and showed
the same trends as described for AD (Table 4.3). Small groups responded more varial -
(Figure 4.1(b)) and had a greater FD (1 -4.0. d.f. =33, p <0.001). Groups containing
calves had a lower FD than those without (t = 4.126, d.f. =34, p <0.001).

The mean FL was 30.39 + 4.272 m (n = 36). Small and large groups did not
differ in FL (t=-0.389.d.f. =34, ¢ 0.700) nor did FL differ between seasons (t = -
0.463, d.f. = 33, p = 0.646).

RD was not correlated with AD (r=0.071, Z=-0.028, p=0.978) or FD (r=
0.237,7Z =0.309, p = 0.757). RD did not differ between seasons (t = 1.719,d.f. =33, p=
0.095). The most striking predictor of RD was group composition; FC groups ran further
than all other group types (FC groups: 195 + 69.10 m, other groups: 45 = 5.76 m; t =

2.935,d.f 32, p=0.006).
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4.3.2 Behaviour of Individuals wi 'n Groups

The sex, age, and reproductive classification of the first individual to adopt an
alert posture did not differ from that expected by chance (X*=3.198.d.f. =4.p 0.525)
(Figure 4.4(a)). However, adult :males with calves were the first to run more than twice
as often as expected and adult females without calves were the first runners much less
often than expected (X*=14.78. d.f. = 4. p = 0.005) (Figure 4.4(b)). Females with calves
were rarely the last individuals to run and females without calves were usually 1e last to
run, but observations of last runners were not different from the expected (A*=3.725.d.1.
=4,p=0.444) (F" 1re 4.4(c)).

Curiosity :turns were observed in 26% (9/35) of trials. No curiosity returns were
observed prior to 16 June 2004, and no calves participated in curiosity returns prior to 13
July 2004. In half (6/12) of the large groups, at least some members exhibited a curiosity

return; compared to 3 of 23 trials of smaller groups.

4.3.5 Group Behaviour During Flight

In 55% (21/38) of trials. -oups responded by moving together. In 34% (13)
trials, the disturbed group split; 8 of iese splitting events, at least one subgroup
contained only a cow-calf pair. In 9% (3) of trials, the individuals of the groups spread
out, and in 1 trial, the group "1 not run at all, but instead Walked Head Up without

pausing approximately 300 m across open bog and into dense cover. (Table 4.4)
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distances although no such relationship was reported by Reimers et al. (2003), Mahoney
et al. (2001) or Aastrup (2000).

Among Rangifer studies reviewed. | documented the closest alert distances but
these are not substantially different than those of caribou in Greenland (Aastrup 2000)
and the semi-domestic reindeer in Scandinavia (Baskin and Scogland ~)00) approached
on foot, or of groups with calves approached by snowmobile in Gros Morne National
Park in Newfoundland (Mahoney et al. 2001). Wild reindeer become alert much earlier
when approached, but semi-domestic reindeer respond similarly to caribou.

The similarities in the ] erns of disturbance response might indicate
responses are particular to a human threat, and the differences in actual distances reported
provide indications of relative perceptions of risk among these herds. Run distances
recorded in this study are shorter than reported for caribou approached by snowmobile
(Mahoney et al. 2001), sug stit  that snowmobiles are perceived as a greater threat.
However, the alert distance of reindeer is not different when approached by a
snowmobile or a skier (Reimers et al. 2003) and, similarly, the disturbance response of
bison (Bos bison) is simi”  wl ~ r they are approached by snowmobiles or pedestrians

(Fortin and Andruskiw 2003).
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Mahoney et al. (2001) conducted their study in winter, and, although no hunting is
permitted within the boundaries of Gros Morne National Park, some of the car ou
encountered in that study may have some experience with hunters outside the park
boundaries. When approaching reindeer on foot, Baskin and Scogland (2000) found that
reindeer herds subject to intense huntir - pressure became alert sooner and ran further
than those subject to little or no hunting. Aastrup (2000) reported that caribou 1
Greenland had longer alert distances just after hunting season than during the calving
season.

The Gaft Topsail caribou appear to perceive a level of threat from an ¢ Hroaching
human similarly to other caribou. but lower than wild reindeer. If alert distances were
reflective of an underlying predation risk, Newfound 1d’s caribou should show alert
distances intermediate between Alaska (high predation) and Greenland (very low
predation). Manipulated encounters using additional threat models (1 ined d¢  or other
predator models like disguised humans) could confirm whether the type of threat elicits

different fright reactions in caribou.

4.4.2 Detection, Alert 1 pc >, « [ Flight Onset

No correlation was found between measured vigilance and alert distance,
suggesting that either vigilance does not improve detection, or detection is not
appropriately described by alert behaviour. Some researchers have measured tection
by other behavioural cues, like a direct stare from the animal to the researcher (Reimers
et al. 2003, Mahoney et al. 2001, Lent 19, which can occur at a substantial distance

prior to alert posture (pers. obs.) but still does not capture the ability of an animal to



detect and identify human presence by smell, sound or peripheral vision without showing
any outward response.

An alert posture cannot be elicited before threat is detected; this detection
constraint on alertness may explain the large variation of alert distances obsery 1 in small
caribou groups. Individual risk of predation in smaller groups is higher than that of larger
groups, so smaller groups would be expected to  :ome alert sooner than larger groups.
However, with fewer individuals to monitor the surroundings there may be gaps in time
and field of view allowing approach betfore detection. The inconsistent alert distances
observed in smaller groups may be due to high perceived risk sometimes constrained by
poor detection.

Alert postures require the prey species to stop other behaviour like feeding.
resting, or ruminating and so can be costly if they are preformed frequently or for long
durations. Caribou flee from| lators and may most effectively manage their time by
reacting to an approach only when it becomes threatening. White-tail deer ale  distance
was not correlated to the probability of a successful attack by coyote, but for mule deer,
which tend to physically de 1d themselves against predators. successful attacks were
most common when alert distances were short (Lingle and Wilson 2001). Mule deer alert
distance was highly correlated with approach distance (the mule deer alerted to the
approaching researcher as soon as the approach started) but white-tail deer ale -d later
and did not show a pattern correlatc ~ with approach distance. Running prey may only

show alertness at a minimal distan ym which it is able to outrun ¢ or; waiting to



display alertness until a predator is closer than when first detected cov | increase time
available for feeding or other activities. reducing the cost of alert behaviour.

[f alert distances indicate perceived risk. the high correlation of alert and flight
distances is not ¢ prising for a running prey species like caribou. All individuals within
a group, regardless of sex, age or reproductive status were equally likely to be the first to
assume an alert posture. The first individual to begin to run was, more often than
expected, a fema with a calf. Lent (1964) also noted a tendency for females with
accompanying calves to be the first move away from a group, sometimes without overtly
alerting the rest of the group., when approached. The observed differences in alertness
and flight onset, wever, suggest that risk and sa s are perceived differently by
maternal caribou or that risk,  ative to other group members, changes once a threat is
detected. Females with calves appear to perceive lower safety when threatened than do

other group members.

4.4.3 Run Distance and Group Behaviour during Flight

Females with calves were not only usually the first to run, but: o tended to run
further than other individuals, particularly during the peri-calv’  scason. Aastrup (2000)
also found that run distances were longest during calving season. Thot "1 caribou calves
can keep up with running adults by 3-5 days old (pers. obs., Lent 1964) they a smaller
and may tire more quickly; the ene tic cost of running long distances might be high.,
but outweighed by the benefit of creating a large enot "1 separation to dissuade predators

from pursuit.

74









The reaction of caribou to humans may show different patterns beyonc ert,
flight and run distances, than would be elicited by predators. Bergerud (1971) suggested
that females may defend their young from attack on occasion; he noted that twice., while
crawling, he was  rressively approached by a female that had a calt. = :also once
observed a female caribou char;, 1 black bearinde  :e of her calf. Once,w le
photographing a dead calf, a fen e approached within 20 m of my position. head-
bobbing towards 1e. I interpreted this as an attempt to entice her calf 1o get up and run
away rather than aggression directed toward me. Bergerud, by crawling. seemed to have
elicited an entirely different behaviour than has been recorded by anyone approaching
caribou by walking upright. D¢ led « servations of predation attempts and studies
using better predator models than humans, such as trained dogs or a disguised human

would be beneficial to improving our understanding of disturbed anti-f  ator behaviour.
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5.0 Conclusion

5.1 Summary of Results

Adult femalesinthe ¢ "Top ™ ‘ibou herd displayed a starvation-; :dation
trade-off between foraging and vigilance behaviours. Individuals were more vigilant
during rest than while engaged in active behaviour, which is primarily dedicated to
foraging. Due to the relative vulnerability of the lying posture. higher vigilance is
expected when caribou are lying at rest, but even those females standing at rest were
more vigilant than those foragii ~ The group-size effect on vigilance (reduced individual
vigilance in larger groups) was only documented when females were engaged in active
behaviours, supporting the resource-competition hypothesis: female caribou decreased
vigilance during foraging and decreased vigilance turther when local resource
competition increased.

Time-activity budgets of females with calves did not ditfer from those of females
without calves. Maternal caribou dedicated the same amount of time to each Behaviour
Category (Appendix II) as their non-motl  coun parts; however, aspects of how they
managed their time differed. Maternal: "bc fed »Hreint ely at all times and
maintained high feeding intensity into early summer when non-maternal caribou showed
a decrease in feeding intensity. Females with calves were vigilant less freque: y despite
the ability to compensate for added nutritional demands without increasing foraging time.
Maternal caribou for :at the cost of ¢ ability to increase vigilance, despite high

prc  lon pressure on calves.
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During the peri-calvir 1son, caribou groups reacted more quickly tc  human
approach than later in the summer, which is consistent with greater vulnerab ty of calves
in the weeks immediately followir ~ birth. Maternal caribou were no more likely to be
the first individual in a group to become alert during a disturbance, but were more than
twice as likely as expected by chance to be the first individual to run. Caribou ith
calves, particularly during the peri-calving season, showed a tendency to split from their
groups (either in a cow-calf pair or a sub-group consisting exclusively of cow-calf pairs)

and ran further than other group members.

5.2 Implications of Maternal Behaviour for Calf Survival

Vigilance of adult females in the Gaftf Topsail herd is generally high relative to
that reported in other herds (Bovit  and Post 1997). Assuming vigilance is correlated
with perceived predation risk, this wariness is consistent with the known high level of
predation. However, vigilance is unrelated to the distance at which the Gaff T »sail
caribou become alert to a threat; so, although vigilance may be a good measure of
predation anxiety, it appears to be a poor meast  of safety. Maternal caribou are less
vigilant than females without calves, t  react more : ngly to disturbance, indicating a
lower perception of safety when threatened.

The observed increased foraging and decreased vigilance of maternal caribou is
consistent with other evidence (Mahoney and Weir 2007) that insular caribou herds in
Newfoundland and Labrador are currently faci  nutrient stress. Predationis @ largest
proximate cause of calf mortality in the Ga.. . opsail he the - between

calving and the ¢ set of winter (Norman et al. 2006), but whether predation mortality is
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additive or compensatory is unknown. Tveraa et al. (2003) found that in a group of semi-
domestic reindeer, the calves which died of starvation while in a predator-free enclosure
had mothers of the same size 1d condition as the calves which died due to predation
mortality outside of the enclosure. Their conclusion was that in that herd, predation
mortality was compensatory. targetii  the calves that would have otherwise died of
starvation. Calves which are smaller and weaker are at the highest risk of predation. but
the reduced vigilance of mothers in the Gaft Topsail herd, during a period of n  rient
stress, may additively increase the vulnerability of all calves.

Maternal caribou moderate calf vulnerability in the peri-calving period by
associating with other females and calves rather than with less vulnerable individuals.
This is especially evident when they are faced with a threat; females with calves tend to
separate themselves from other individuals but remain a cohesive sub-group while fleeing
from disturbance. They also tend to run relatively long distances from a threatening
disturbance which is likely a predator-deterrent. However, their tendency to be the first
individuals to run, to separate with their calf from the rest of the social  oup. and to
allow a close approach befo  running may put them at particular risk of predation from
coursit or stalking predators, like coyote. These behaviours, when observed in white-
tail deer (another species which relies on its ability to outrun predators), have all been
identified as increasing the risk of successful attack by coyote (L.ingle and Pellis 2002,
Lingle 2001).

The evolutio 'y history of Newfoundland’s insular caribou’s anti-predator

behaviour has been influenced by the historic presen  of wolves prior to the recent
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arrival of coyote; the caribou may be behaviourally predisposed toward avoidance of
predation by canids. However, in the 80 years with no canid predator, lynx (Bergerud
1971) and black bear (Mahoney et al. 1990) were major predators of caribou and both
species may have been important predators prior to wolf extirpation. Additior ly,
caribou of insular Newfoundland have been hunted by humans since about 4500 BP
(Renouf 1999). This history of varied and changing predators may have selected for a
generalized anti-predator behaviour or for many predator-specific avoidance behaviours;
a generalized behaviour may result in increased vulnerability to particular predators.
Improved understanding of the interactions between caribou and their predators will help
to better assess the actual risk of the current and future predator guild to the insular

caribou herds of Newfoundland.

5.3 Recommendations for Future Work

Many knowledge gaps continue to exist rt  irding the life history. density. and
range of the predators, and the reliance of the predator populations on ' caribou as a
food source. Further gaps exist in our understandii  of how predator-prey interactions
have s ed and will shape the behaviour of both caribou and their pr« * tors in
Newfoundland. Management decisions will be best informed by a dyn 1ic
understanding of caribou and their predators and competitors. Increasing our knowledge
regarding predator behaviour and caribou-predator interactions is vital in predicting the
impact of the cu :nt predator 1ild on calf survival and population dynamics.

Observations of actual p  ationat npts " ould be well documented and

recorded. In the absence of reliably observable . lation attempts. a useful e nsion of
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this study would be to conduct disturbance trials using different threat models. Trained
dogs could be used to elicit canid-specific fright responses:; a human disguised in such a
way as to neither look nor sn | human might remove human-specitic response from the
reaction. Approaches done by crawling may illicit different responses even if 2
experimenter is clearly human (Bergerud 1971). Understanding the range of available
fright response and the limitations of this will improve evaluations of caribou
vulnerability.

Repeating the vigilance assessment and disturbance trials both over time (to
monitor change) and between herds known to have different relative exposure to the
common predators (to give insight into predator-specificity and gencrality in¢  1-
predation behaviour) will increase our understanding of community dynamics. Effective
means of predator deterrence and effective escape behaviour are both components of
survival, and ultimately, fitness (Lind and Cresswell 2005). Clear understanding of how
both prey and predators manipulate their behaviour in response to each other will
strengthen the ability of managers to implement measures, when necessary and feasible.
either to control predators or to manipulate prey vulnerability.

Continued behavioural monitoring of Newfoundland’s insular caribou herds is
recommended to detect changes in behavioural patterns which may result from selective
pressure by predators, and to understand how changes in nutrient avail ility affect
behaviours related to calf survival and maternal investment in both current and resources
for future off | 1g. Inth study, individual females whose calves survived thro1 "1 the

study period likely contributed disproportionately to data as tin  since calving increased.



This study component would ha  been strengthened by the ability to observe known
individuals throughout the season. Repeated behavioural observation of know females
would increase our understanding of which behaviours promote, and which are
detrimental to, calf survival, since the ability of individuals to maintain their c: 7es could

be correlated with behavioural aspects.



6.0 Literature Cited

Aastrup.P. 2000. Responses of west Greenland caribou to the approach of humans on
foot. Polar Research 19, 83-90.

Altmann.J. 1974. Observational study of behaviour: sampling methods. Behaviour 69,
227-267.

Andersen.R.. Linnel.J. & Lai /atn,R. 1996. Short term behavioural and physiological
responses of moose to military disturbance in Norway. Biological Conservation
77, 169-176.

Arnez.C.L. 2003. The group size effect on vigilance: many unanswered questions.
Behavioural Processes 63, 123-124.

Barbosa,A. 2002. Does vigilance always covary negatively with group size? Effects of
foraging strategy. Acta ¢ Hlogica 5, 51-55.

Barbosa.A. 2003. Group size effects on v© 'lance: we need more | ks on the wall.
Behavioural Processes 63, 133-1.

Barrette,C. & Vandal.D. 1986. Social rank, dominance, antler size and access to food in
snow-bound wild woodland caribou. Behaviour 97, 118-146.

Barten,N.L.. Bowyer,R.T. & Jenkins.K.J. 2001. Habitat use by female caribou: tradeofts
associated with parturition. Journul of Wildlife Management 65, 77-92.

Baskin.LL.M. & Scogland,T. 2000. Flight distances of the reindeer. (Translation). Doklady

Biological Sciences 374, 533-535.

84




Beauchamp,G. 2003. Group-size effects on vigilance: a search for mechanisms.
Behavioural Processes 63, 111-121.

Bednekoff.P.A. & Lima,S.L. 1998. Re-examining safety in numbers: interactions
between risk dilution and collective detection depend upon predator tar ting
behaviour. Proceedings of the Royal Society: B 265,2021-2026.

Bednekoff,P.A. & Lima,S.L. 2005. Testing for peripheral vigilance: do birds v ue what
they see when not overtly vigilant? Animal Behaviour 69, 1165-1171.

Bekoff,M. 1996. Cognitive etholc 7, vigilance, information gathering, and
representation: Who m 1t ow what and why? Behavioural Processes 35, 225-
237.

Bekoff, M. 2003. Where's the brain? Geometric and cognitive underpinnings of group-
size effects on vigilance. / 1avioural Processes 63, 139-140.

Bergerud.A.T. 1971. Population dynamics of Newfoundland caribou. Wildlife
Monogra s __.

Blaffer Hrdy.S. 1999. Moti * Na e: a History of Mothers, Infants, an Natural
Selection. Pantheon Bool New York.

Blumstein,D.T., Daniel,J.C. & McLean.l.G. 2001. Group size effects  quokkas.
Australian Journal of Zoology 49, 641-649.

Blumstein,D.T., Daniel.J.C., Ardron.J.G. & Evans.C.S. 2002. Does feeding co petition

influence immar wallaby time allocation? Ethology 108, 937-' .

85




Blumstein,D.T., . niel J.C. & Sims,R.A. 2003. Group size but not distance to cover
influences agile wallaby (Muacropus agilis ) time allocation. Journal of
Mammalogy 84, 197-204.

Boving.P.S. & Post.E. 1997. Vigilance and foraging behaviour of female caribou in
relation to predation risk. Rangifer 17, 55-63.

Burger.J. 2003. The search for mechanisms for group size effects on vigilance.
Behavioural Processes 63, 125-126.

Cameron,E.Z. & Du Toit,J.T. ~105. Social influences on vigilance behaviour in giraffes.
Giraffa camelopardalis. Animal Behuviour 696, 15337-1544.

Caro,T.M. 1994, Ungulate antip  ator behaviour: preliminary and comparative data
from African bovids. Behaviour 128, 189-228.

Caro.T.M.. Lombardo.L., Golizen. A.W. & Kelly.M. 1995. Tail-flaggn andc¢ zr
antipredator signals in white-tailed deer: new ° ta and synthesis. Behavioral
Ecology 6, 442-450.

Chan-McLeod.A.C., White.R.G. & Russell.D.E. 1999. Comparative body compostition
strategies of breeding and nonbreeding female caribou. Cunadian Jour 'l of
Zoology 77, 1901-19C ..

Childress,M.J. & Lung,M.A. 2003. Predation risk, gender and the group size eftect: does
elk vigilance depend upon the behaviour of conspecifics? Animaul Behaviour 66,
389-398.

Collins.W.B. & Smith.T.S. 1989. Twenty-fc  hour! “aviour patterns and budgets of

free-ranging reindeer in winter. Rangifer 9, 2-8.

86






Fauchald,P.. Tverra.T.. Henaug,C. & Yoccoz,N. 2004. Adaptive regulation of  dy
reserves in reindeer, Rangifer tarandus: a  ling experiment. O/KOS 107, 583-
591.

Fernandez-Juricic.E., Kerr,B.. Bednekoft.P.A. & Stephens,D.W. 2004. When are two
heads better than one? Visual perception and information transfer affect vigilance
coordination in foragit  groups. Behavioral Ecology 15, 898-906.

Fitzgibbon.C.D. 1989. A cost to individuals with reduced vigilance in groups of
Thomson's gazelles hunted by cheetahs. Animal Behaviowr 37, 508-510.

Fortin,D. & Andruskiw,M. 2003. Behavioral response of free-ranging bison t¢  uman
disturbance. Wildlife Society Bulletin 31, 804-813.

Fortin,D., Boyce M.S., MerrilLE & Fryxell.J.M. 2004. Foraging costs of vigilance in
large mammalian herbivores. O/KOS 107, 172-180.

Frid,A. 1997. Vigilance by  nale Dall's sheep: interactions between predation risk
factors. Animal Behaviour 53, 799-808.

Gauthier-Clerc,M., Tamisier,A. & Cézilly.F. 1998. Sleep-vigilance trade-off in green-
winged teals (Anas crecca crecca). Canadian Journal of Zoology 76,2214-2218.

Gauthier-Clerc,) & Tamisier,A. 2000. Sleep-vigilance trade-off in gadwall during the
winter period. The Condor 102, 307-313.

Gauthier-Clerc,] . Tamisier.A. & C~ 'lly.F. 2002. Vigilance while sleepin in the

breeding pochard Aythya ferina according to sex and age. Bird Study 4 300-303.

88




Holand.Q., Gjestein,H.. Losvar,A., Kumpula,J.. Smith,M.E., Reed.K., Nieminen M. &
Weladji,R.B. 7)04. Social rank in female reindeer (Rangifer 1. indnus).  Tects of
body mass. antler size and age. Journal of .ology 263, 365-372.

Hunter,L..T.B. & Skinner,J.D. 1998. Vigilance behaviour in African ungulates: e role of
predation pressure. Behaviour 135, 195-211.

[llius,A.W. & Fitzgibbon,C. 1994. Costs of vigilance in foraging ung ites. Animal
Behaviour 47, 481-484.

Kojola.l. 1989. Mother's dominance status and ditferential investment in reindeer calves.
Animal Behaviour 38, .. .-185.

Kojola,I. 1990. Intraherd spacii  behaviour of female reindeer: Effects ot kinship. age
and habituation. Applied Animal Behaviour Science 26, 41-47.

Laundré.J.W., Hernandez,L. & Altendorf.K.B. 2001. Wolves, elk, and bison:
reestablishing the "landscape of fear" in Yellowstone National Park, U.S.A.
Canadian Journal of Zoology 79, 1401-1409.

Lazarus.J). 2003. Vigilance and group size: early studies, the edge effect, secondary
defences, the double advantage trade-off and the future. Behavioural Processes
63, 129-131.

Lent,P.C. 1964. Calvii and related social behavior in the barren-ground caribou. Ph.D.
thesis. University of Al ta, Edmonton.

Lima.S.L. & Bednekoff,P.A. 1999. Back to the basics of antipredatory vigilance: can

nonvigilant an  als detect atta  ? Animal Behaviour 58, 537-543.

89



Lima,S.L. 2002. Putting predators back into behavioral predator-prey interactions. Trends
in Ecology and Evolution 17, 70-75.

Lind.J. & Cresswell,W. 2005. Determining the fitness consequences of antipr¢  tion
behaviour. Behavioral Ecology 16, 945-956.

Lingle.S. & Wilson,F. 2001. Detection and avoidance of predators in white-tailed deer
(Odocoileus virginianus) and mule deer (O. hemionus). Ethology 107, 125-147.

Lingle.S. & Pellis,S. 2002. Fight or flight? Antipredator behavior and the escalation of
coyote encounters with deer. Ocecologia 131, 154-164.

Lingle.S. 2007. Anti-predator st “2s and grouping patterns in white-tailed deer and
mule deer. Ethology 107, 295-314.

MacArthur,R.A., Geist,V. & Johnston.R. 1982. Cardiac and behavioural respo ¢ of
mountain sheep to human disturbance. Journal of Wildlife Munagement 46, 351-
358.

Mahoney.S.P.. Abbott.H., Rus  L.L.H. & Porter,B.R. 1990. Woodland caribou calf
mortality 1 insular Newfoundland. Transcripts of the 19th IUGB Congress,
Trondher  592-599.

Mahoney.S.P. 2( 0. Hunter submissions: biological specimens and observations. A
synthesis and interpretation of the biology of woodland caribou on the island of
Newfoundland. Volume 3. Newfoundland and Labrador Deyr tment of

Environment and Conservation, St. John's,

90




Mahoney.S.P. 2C ). Population trends. A synthesis and interpretation of the biology of
woodland caribou on the island of Newfoundland, Volume 14. Newfoundland
and Labrador Department of Environment and Conservation, St. John's.

Mahoney,S.P., Mawhinney.K., McCarthy.C., Anions,D. & Taylor.S. . 01. Caribou
reactions  provocation by snowmachines in Newfoundland. Rangifer 21, 35-43.

Mahoney.S.P. & Weir,J.N. 2007. Executive summary - Caribou data synthesis and calf
mortality research. (Draft interim research report). Newfoundland and Labrador
Department of Environment and Conservation. St. John's.

Maier.J.A K. & White. R.G. 1998. Timit and synchrony of activity in caribou. Cunadiun
Journal of Zoology 76, 1999-2009.

Mooring M.S.. F patrick,T.A., Nishihira,T.T. & Reisig,D.D. 2004. Vigilance, predation
risk, and the allee effect in desert bighorn sheep. Journal of Wildlife Manugement
68,519-5""

Morschel . F.M. & Klein,D.R. 1997. Effects of weather and parasitic insects on the
behavior d group dynamics of caribou of the Delta Herd. Alaska. ('« dian
Journal of Zoology 75, 1659-1670.

Mérschel F.M. 1999. Use of climatic data to model the presence of oestrid tlies in
caribou herds. Journal of Wildlife Management 63, 588-593.

Murray.D.L., Boutin,S., O'Donoghue.M. & Nams.V.0O. 1995. Hunting  havic rof'a
sympatric felid and canid in relation to vegetative cover. Animal Behaviour 50,

1203-1210.

91



Norman,F., Mahoney.S.P. & Curran,R.M. 2006. Final report on the 7303 ~703 aribou
calf mortality study of the Middle Ridge, Mount Peyton, and Gatt Tops 1 caribou
herds. (Draft). Newfoundland and Labrador Department of Environment and
Conservation, St. John's.

Pulliam,H.R. 1973. On the advantages of flocking. Journul of Theoretical Biology 38,
419-422.

Randler,C. 2005. Vigilance during preening in coots Fulica atra. Ethology 111, 169-178.

Reimers.E., Eftestol.S. & Colman,J.E. 2003. Behavioural responses of wild rei  leer to
direct provocation by snov  obile or skier. Journal of Wildlife Munagc ent 67,
747-754.

Renouf,M.A.P. 1999. Prehistory of Newfoundland hunter-gatherers: extinctions or
adaptations? World Archacology 30, 403-420.

Roberts.G. 1995. A real-time response of v’ ‘lance behaviour to changes in group size.
Animal Behaviour 50, 1371-1374.

Roberts,G. 1996. Why individual v’ "lance declines as group size increases. Animal
Behaviour 51, 1077-1086.

Roberts,G. 2003. The group-si: effect in non-feeding animals. Behavioural Processes
63, 127-128.

Robinette.R.L. & Ha,J.C. 2001. Social and ecological factors influencing vigilance by

northwestern crows, Cor  caurinus. Animal Behaviour 62, 447-452.



Rolando,A., Coldoni,R., de Sanctis.A. & Laiolo.P. 2001. Vigilance and neighbour
distance = foraging flocks of red-billed choughs, Pyrrhocorax pyrrhocorax.
Journal of Zoology 253, 225-232.

Scannell )., Roberts.G. & Lazarus,J. 2001. Prey scan at random to evade observant
predators. Proceedings of the Royal Society: B 268, 541-547.

Scheel,D. 1993. Watching for lions in the grass: the usefulness of scanning and its effects
during hunts. Animal Behaviour 46, 695-704.

Seip,D.R. 1991. Predation 1 caribou populations. Rangifer Special Issue No. 7, 46-32.

Sellers,R.A.. Valkenburg,P., Squibb,R.C., Dale.B.W. & Zarnke R.L. 2003. Na ity and
calf mortality of the Northern Alaska Peninsula and Southern Alaska Peninsula
caribou herds. Rangifer Special Issue No. 14, 161-166.

Shorrocks.B. & Cokayne,A. 2005. Vigilance and group size in impala (Aepyceros
melampus Lichtenstein): a study in Nairobi National Park. Kenya. .4frican
Journal of Ecology 43,91-96.

Stephenson,T.R., Hundertmark,K.J. & Crouse.,J.A. 1999. Federal aid in wildlife
restoration annual July 1997 - June 1998. Moose Rese ¢ er
Report. Alaska Department of Fish and Gan  Juneau.

Taylor.A.R. & Kn" "1t,R.L. 2003. Behavioral response of wildlife to human activity:
terminology and methods. Wildlife Society Bulletin 31, 1263-1271.

Terhune,J.M. & Brillant,S.W. 1996. Harbour seal vigilance decreases over time since

haul out. Animal Be™ iowr 1,77 7-7°"



Toigo,C. 1999. Vigilance bel iour in lactating female alpine ibex. Canadian Journal of
Zoology 77, 1060-1063.

Treves.A. 2000. Theory and method in studies of vigilance and aggregation. Animal
Behaviour 60, 711-722.

Tverra,T., Fauchald.P., Henaug,C. & Yoccoz,N. 2003. An examination of a
compensatory relationship ! zen food limitation and predation in a semi-
domestic reindeer. Oecologia 137, 370-376.

Webster,L. 1997. The effects of human related harassment on caribou (Rangifer
tarundus). Internal Report. ish Columbia Ministry of the Environment,
Williams Lake, BC.

Weladji,R.B.. He ind.@., Steinheim,G. & Lenvik,D. 2003. Sex-specific preweaning
maternal carein reindeer (Rang  r tarandus t.). Behavioral Ecology ari
Sociobiology 53, 308-314.

Welp,T., Rushden.J., Kran .D.L., :sta-Bianchet.M. & de Passille, A.M. 201
Vigilance as a measure of fear in dairy cattle. Applied Animal Behaviour Science

87, 1-13.

94



Appendices















Figure I-iii Typical habitat of early summer range: water saturated soil
surrounded by forest patches.

VI



Appendix II: Identified behaviours and operational definitions as used
in the Gaff Topsail study.









App

dix III: Categorization of behaviour for analysis









Appendix V: Variable Descriptions and Instructions for Coding
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Appendix V: Data Recording Sheets

Focal Individual Behaviour Data Sheet
Caribou Behaviour Data Sheet: Instantaneous Scan

Caribou Behaviour Data Sheet: Fright Response
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Appendix VI: Feeding Intensity for adult females, males, yearlings, and
calves.
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between Feeding Intensity and group size is stronger for calves (r’=0.128). but is

confounded with season as group size tended to be larger during summer.
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Figure VI1I-i Feeding Intensity as estimated from instantaneous scan sampling for adult females,
adult males, yearlings, and calves during the peri-calving and early summer seasons. Females
with calves could not be distinguished from those without during instantaneous scans. Feeding
intensity is the proportion of for: ~  observations handling food. Error bars indicate one
standard error of the mean.
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Appendix VII: Summary of Suckling Observations Gaff Tops | Herd
2003-2004
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