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ABSTRACT

Winter habitat use and foraging péttems of ‘mountain caribou (Rangifer tarandus caribou)
were studied in the North Cariboo Mountains near Prince George, Britis_h'Columbia. Radio-
~ telemetry data indicated caribou used Balsam-spruce stands (13'73-1677 m) ektensively during the
early winter (Nov-Dec) period. During late winter (Jan-Apr) caribou shifted to higher elevation
subalpine parkland habitats, howe;/er, mid-elevation balsam-spruce stands continued to be used
_exténsively in 1992-93 when snow accumulation was below normal. A hierarchical analysis of
caribou foraging decisions (following caribou tracks in snow) during the early winter cuggested
caribou are using balsam-spruce forests in a random manner as they search for recently
windthrown trees. Caribou appeared to make coarse-grained (i.e., non-random) decisions at
relatively large spatial scales including home range selection (Engelmann Spruce-Subalpine Fir
biogeoclimaﬁc-zone) and habitats (balsaml-spruce) within home ranges. These findings suggest
that macro-habitat charécteristicé (elevation, forest cover type and slope) may be better. predictors
overall of caribou use than are micro-habitat characteristics. Forest managers' should. attempt to
provide large contiguous stands of ESSF forests during landscape-levcl planning, cs well as travel
corridors to facilitate seasonal movemcnts. Mainfaining‘ large contiguous stands of ESSF forests
should allow caribou to forage extensively as they search for sparsely distributed windthrown
trees. Alternative silviculturgl systems (1.e., selection cutting) may maintain caribou foraging
habitat if the prescription i.s conservative w-ith respect.tc residual basal area and tree density.
Maintaining pre-haﬁest speciés, composition, live to snag ratios and a range of dianieter'classes

with abundant arboreal lichens is recommended.
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-PART 1. MACRO-HABITAT SELECTION
Introduction

Woodland caribou (Rangifer tarandus caribou) that feed on arboreal lichens in winter
("mountain. caribou" ecotype) have been identified as an old growth dependent species and
remain a provincial fesearch and management priority as conflicts related to forest harvesting
increase (B.C. Environment 1989, McKinnon 1994, Stevenson et al. 1994).

Clearcut 'hafvesting of forests has been perceived to be incompatible with maihtain?ng
- winter h:abitat and caribou populations primarily because ﬁountain caribou depend almost
exclusively on mature lichen-bearing trees for winter forage (Stevenson and Hatle{ 1985,
Child et al. 1991). In response to conflicts aséociated with clearcut hafvesting, numerous
radio-telemetry studies have been conducted to determine habitat use ‘and seasonal movement
patterns (Antifeau 1987, Simpson and Woods 1987, Rominge‘r. and Oldemeyer 1989, Servheen
anquyon 1989, Seip 1990, 1992a). These sﬁxdies have reported the early winter period (Nov-
Jan) as a critical time for earibou as they descend from high elevation subalpiﬁe habitats to
lower elevations seeking accessible forage and better enow conditions. As a result, the early
winter. period is also where the majority of caribou-forestry conﬂicts'oecur. During these
months caribou use commercial forests dominated by balsam-spruce and/or low elevation
hemlock-cedar stands.

In an effort to obtain more region-specific information, the Ministry of Environment
Lands and Parks (Prince George Region) initiated ‘the Mountain Caribou in Managed Forest

Program (MCMF) in 1988. The MCMF's main goal was to seek integrated solutions to the

caribou-forestry conflict. As a component of the program, a radio-telemetry study was




undertaken éast of Prince George to determine seasonal movements and habitat selection
patterns. This section reports the results of the radio telemetry study and focuses on winter
habitat use. Use-availability analyses were used to investigate. 2 levels of selection: (i)
selection of the vyinter homé range, and (ii) selection of habitats within the home ‘ran'ge (sensu
Johnson 1980).

The null hypotheses under investigation were .caribou use habitats, aspects, and slqpes
in a random manner (i.e., in proportion to availability). The al‘temative hypothesesvwere

caribou use at least one habitat, aspect or slope more or less than its occurrence.

Study Area

The study area was located 80 km east of Prince George, B.C. (51°N, 120°W) and
covered a large geographic area (15,000 km®) encompassing portions of the Fraser River
watershed. This area included the more subdued plategus lof the northlem part of the Cariboo
Mountains south of the Yellowhead Highway 16 and parts of the McGregor Plateau énd
Rocky Mountains to the north (Fig.l).‘ Elevations in the Fraser Plateau, McGregor Plateau
vand the Cariboo Mountains range from 650 - 2200 meters. The landscape is dominated by
four biogeoclimatic zones: Sub-Boreal Spruce (SBS) in the valley bottc;ms; Interior Cedar
Hemlock (ICH) located above the SBS to approximately 1150 m; Engelmann Spruce-
Subalpine Fir (ESSF) between 1150-1800 m, and the Alpine Tundra (AT) abc;ve 1800 m
(Meidinger et al. 1984, Coupé et al. 1991). North of Highway 16 the McGregor range,
Bearpaw ridge and Mt. Severeid contain SBS, ICH, ESSF and AT biogeoclimatic zones,

whereas the Captain Otter and Dezaiko Ranges are occupied by SBS, ESSF and AT.



Scole: Icm = i2km

Figure 1. Map of the study area and composite caribou winter ranges (1-9).

1 = Captain-Otter; 2 = Dezaiko-Herrick; 3 = Mt.Severeid; 4 = Bearpaw ridge;

5 = Sugarbowl-Raven Lake; 6 = George Mtn; 7 = Narrow Lake; 8 = North Haggen; 9 = South Haggen. Boundaries
are 95% harmonic mean isopleths for composite winter ranges. Stipled areas represent winter ranges or portions of
winter ranges that contain an ICH zone.




South of Highway 16, the Sugarbowl and North Haggen~rénges contaiﬁ all four
biogeoclimatic zones, whereas,. Narrow Lake, George M. and the South Haggen ranges do
not contain an ICH zone. The ESSF ione supports predoﬁiinately mature ( >140 years old)
forests (age classes 7,8,9 ;MoF forest stand map classiﬁcation),and is dominated by subalpine -
- fir (A bies lasiocarpa) and Engelmann spruce (Picea engelmanni). ESSF forests form a
reiatively closed canopy at low and mid elAevations, énd open canopy stands at higher ,
elevations where trees tend to grow ih clumps forming parkland éonditioné. .Characte'ristic.
shrub species found in the ESSF include white-flowered rhododendron (Rhododendron
albiflorum), oval-leaved Blueberry (Vaccinium ovalifolium), and black huckleberry
(Vaccinium membranaceum). AMean annual precipitation in the ESSF is approximately 1327
mm (889-1878 mm) most of which falls as snow. Snowpacks of 1.0 i- 3.5 m are common at
high (= 1500 m) elevations. The dominant land use activity is timber harvesting. Clearcut
blocks (70-1300 ha) are common and distributed thrqughout the ;tudy area, predomivnately in
low elevation valley bottoms. High ele{/alltion (1200-1650 m) cutblocks are present bAut
dispersed. In the south péthioﬁ of the study 'aréa (Bowron Valley) extensive salvage timbef
harvesting (50,000 ha) took pléce between 1980-1985 to eradicate a spruce-beetle |
(Dendrocto‘nus spp.) infestation. This area is durrehtly supporting immature plantation forests
o ’(.<20 years.old) dominated by interior spruce (Pfcea spp.)‘énd lodgepolg pine (Pinus Contorta).
Moose (Alces alces) are common in the study areé Jbut are found primarily in iower
elevation habitats (SBS ahd ICH). Wolves (Canis lupus), wolverine (Gulo gulo), black bears

(Ursus americanus) and grizzly bears (Ursus arctos) are present in the study area, but densities

are unknown.




Methods
Radio-T. élem etry

Thirty adult caribou (24 female, 6 male) were captured by net-gun from a helicopter in
March 1988 and ﬁtted' with radio transmitters (Télonics freq 151. MHz). "Si>.( additional adult
caribou (5 female, 1 male)v were collared throughout the study period to replace those that
died. Collaréd caribou were assumed to be a représentative saﬁlple of the approximately 700-
1,000 caribou that make up the Yellowhead population.

»Caribou were located approximat_ely once each month between March 1988 and
December 1991 from a Cessna 172 fixed wing aircraft. However, during the 1992-93 field _
season (Oct-Feb), 1 conﬁﬁed the moﬁitoring to one winter range (Sugarbowl-Raven Lake) and
relocated 11 collared adult female caribou once a week using a Bell Jet Ranger‘ Helicopter.
Monitoring was conducted in this intensive study area to fécilitate sample points for ground‘
trailing (see Part 2) and assess the use of lower elevation habitats. Ninety-one early and 54
late winfer :locations were obtained.

During the early and late winter periods, 28% and 49% of the relocations respectivély,
included a ;/isual sighting of the collared animal. Topégrai)hic attributés including e.levation,
aspect, and slope were recorded and each locétion marked-on a 1:250,000 topogréphic map.
Habitat Analysis
| I separated the winter months‘ (15 October - 15. April) .into early winter and late winter
based on caribou movements. Early winter (15 October - 15 December) commenced when

caribou moved from high elevation summer ranges to lower elevations and usually coincided

with the first persistent snowfall. The late winter period (16 December - 15 April)




commenced when radio-collared caribou had made altitudinal shifts from mid-elevation early
wintér habitats to higher elevation subalpine parkland habitzits.

The commencement and duration,.of each winter period varied with snow accumulation
rates and years, but the core early winter period usually occurred between. November and
December. The exception was 1992-93 when snow accumulation was slow and below normal
Which extended the eafly winter 4period to approximately 18 january. Late winter usually .
‘ended in late March or April.

Caribou Use

To determine habitats caribou used, caribou locations (UTM co-ordinates) were plotted
on 1:15,000 forest cover type maps and forest stand descriptions recordeq. Locations were -
checked against 1:15,000 black and white phétographs and placed in one of the following 8
habitat categéries: (1) alpine; (2) subalpine parkland; (3) balsam; (4) balsam-spruce; (5)
spruce-balsam; (6) cédar-hemlock-spruce; (7) immature forests [recent élearcuts, Not-
Sufficiently Restocked (NSR) land (i.e., plantations <20 years old, burns, stands < 120
yéars)]; (8) non-forest (i.e.,'brush, swamps, meadows). Low elevation forest sta:}ds le_ading in
cedar, hemlock or spruce were grouped together to represent the ICH forest communities and
to minimize the number. of habitats used in the analysis (Alldredgé and Ratti 1986)
| Habitat Availability

Small sample sizes of relocations during 1988-91 necessitated pooling data across
years and individuals for each winter period which produced composite winter ranges. Each

composite winter range (n = 9) contained 2-9 collared caribou and 20-50 locations per range.

Winter ranges were delineated using the harmonic mean (Dixon and Chapman 1980) estimator




generated from the computer program HOME RANGE (Ackermann et al. 1990). Although ‘al‘l
home range estimators are subject to sample size bias and lack of precision (Boulanger and
White 1990), the harmonic mean estimator was used in this study because it assumed no
underlying distribution, and caribou locations were clustered which indicated core areas of
habitat use. The 95% isopleth was used as the delineation boundary for overlay on 1:50,000
forest cover fype maps to determine the availability of habitat types within the winter ranges.
The 95% contour was adequate for se\}en of the ranges, however, two ranges with small
sample sizes (n = 20) resulted in extensive range boundaries that included large areas.of low
elevatioﬁ habitat (SBS) with no caribou locations. To impfove the delineation of these two
wintering afeas, I used the 65% harmonic mean isopleth. I estimated the availability'of
habitats by plotting random points (Marcum and Loftsgaarden 1980); 100-150 random points
- per winter range stab‘ilized proportions + 1% and were pooled. Topographic attributes (aspect,
_slope) were estimated in the same mannér using 1:50,000 tﬁpographfc maps. Percent slopé
was groﬁped into the following categories: <15% ,16-30%, 31-45%, >45%.

Selection of Winter Ranges .
To determine selection of winter ranges, the proportion of biogeoclimatic zones
present within the home range boundaries were compéred to the availability of biogeoclimatic

zones throughout the study area using the chi-square test of homogeneity (Marcum and
Loftsgaarden 1980). Estimates of availability throughout the study area Were determined by
blotting random points (n = 1200) on 1:250,000 biogeoclimatic maps (Ministry of Forests,

B.C.). Habitat composition within winter home ranges was determined by overlaying each -

composite winter home range boundary (n = 9) on 1:250,000 biogeoclimatic zone maps using




approximately 50 random points. ’fhese were pooled (n = 437) and compared to availability
throughout the study area. | | |
Statisticdl Analysis
~ Habitat §electi0n patterns during the early winter perioa were similar for both
extensive (1988-91) and intensive (1992-93) monitoring periods ( P > 0.05) so locations were
pooled across years (1988-92) and individuéls. o | |
Because not all of the ranges contained the same habitat types, pooling all ranges
would have violated one of the assumptions of the chi-square test (i.e., habitat availabﬂity is
the same for all animais). To meet this assumption, composite winter ranges were stratified
into two groups according to the availability ofv forest cover types: (1) _Cedar-Heleck stands
. A
present (CHP) within winter range; (2) Cedar-Hemlock stands absent (CHA) within winter -
range (see Fig.1). If mofe than oﬂe collared caribou were relocéted together, then only one of
the locations was included in the ahalysis to meet the independent. sample assumption of the.
chi;squaré test (Alldredg‘e and Ratti 1986, 1992). Because relocation intervals weré’relatively :
long, (monthly 1988-91; weekly 1992-93), samples wéfe considered statistically independent.
Contingency tables were used to determine interactions of 'variables. Chi-square tests of -
homogeneity were used to compare resource use to>estimated availability‘ (Thomas é.nd Taylor
1990). If resource use dif;fered significantly from availability, Bonferroni conﬁdeﬁce intervals
were constructed to determine which forest cover types, aspects, and slope _classés were used

to a greater or lesser extent than availability (Marcum and Loftsgaarden 1980). The null

hypotheses under investigation were: H, : caribou use forest cover types, aspects and slopes in

proportions equal to their availability while the alternative hypotheses using the chi-square




test is: H,: at least one forest cover type, aspect, slope class is used more or less than
availability. All statistical tests were considered significant at P < 0.05.

Because the inclusioh of habitats that comprise a large proportion of a home range but
are infrequently used can lead to inflated chi-square estimates of preference (Johnson 1980,
.Aebisvcher et al. 1993, Manly et al. 1993), T also used Manly's standardized selection ratio to
compare conclusions to the chi-square analysis. Conclusions regarding prefefence or
avoidance using standardized selection ratios have the advantage of being robust to errors
from inclusion of infrequently used habitats..

Manly et al. (1993) standardized selection ratio (SSR):
SSR=W;/ (Y #.)
3/ 122 ¢

where,

.= bropor tion(use)
i ‘proportion(available)

in habi;ati. This standardized form of selection ratios add to 1 and therefore can be
intérpreted as the estimated probability that a habitat would be selected if all habitats were
equally available (see Manly et al. 1993 pp. 40-52).
RESULTS |
Seasonal Movements

Elevation shifts occurred twice annually with caribou déscending to lower elevations in
November and again in May as they migrated between summer and winter ranges. During
the early winter period caribou used ESSF forest;s almost exclusively, particularly forest

stands between 1373-1677 m elevation. By late winter (Jan-Mar), caribou were located most

often in stands above 1526 m elevation (Fig. 2).




Although the relatively long interval between relocations precludes any defn;itive
statements regérding daily ‘or weekly movements, some general movement patterns wére
evident on a seasonal basis. Most of the radio-collared caribou (19 of 36) were very
-unpredictable in their movement patterns. Although they made seasonal niigratioﬁs (10-40
km), summer and winter ranges were interchangeable and varied between years. About one-
third (11 of 36) of the collared caribou also made seasonal migrations (10-40 km) between
summer and winter ranges, »howeyer, winter and summer ranges did not overlap indicating a
more distinct migration pattém. Multi-annual hbme‘ranges averaged 438 ‘kmz (rangeA - 164- |
745 km®). Only 6 Fadio-collared ca;ibou did not migraté but used the same area for both
summer and winter range. .Consequqntly, these caribou had annual home ranges that were -

relatively small compared to migrators (mean = 110 km?; range 83-133 kmz).‘

Selection of Winter Ranges

| This level of analysis confirms the importance of the ESSF relative to other forest

. communities ayailable throughout the study area. Although ESSF forests comprised about N
46% of the study area, a minium of 80% of early and late winter caribou ranges in;luded
AT-ESSF and ESSF forests - predomiﬁantly mature (5140 years old) balsam and balsam-
spruce stands. The ICH and SBS biogeoclimatic zones represented a very small proportion

(<7%) of caribou winter ranges (Fig. 3).
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Selection of Habitats within Winter Ranges
Forest Cover Types

Habitat use differed significantly between early and.late winter for both CHP (X}2 =
| 74.0, 7 df, P < 0.001) and CHA (X* =258, 6 df, P < OLOOi‘) winter rénges. Balsam-spruce
.was the most frequently (>50% locations) used habitat duriﬁg the early winter whereas
subalpine parkland and alpine héﬁitats were used to a greater extent in late winter.

CariBou used bafsam-spruce stands significantly more than their availability and
immature stands significantly less in both wintér range types (CHP: X? =309, 7 df, P <
0.001; CﬁA: X* =423, 6 df, P < 0.001). Spruce-balsam stands were used significantly less
than their abundance in CHA ranges, but in proportion to their abundance in CHP ranges;
Although lower elevation cedar-hemlock stands were used in proportion to availability, they
were used infrequently (12)162 locaﬁons) (Fig. 4).‘

Late winter habitats were also used disproportionateiy (CHP: X*> =884, 7df P <
0.001; CHA: X*=78.1, 6 df, P < 0.001). Although caribou continued to frequently use
stands leéding.in balsam and balsam-spruce, only subalpine parkland habitats were used
significantly more than their availability (Fig. 5). |

In contrasi, caribou usgd habitéts in similar proportions between early and late winter
during the low-snow winter (X* = 11.3, 7 df, I_’ = 0.127). Although caribou increased their
use of subalpine and alpine habitats during the late winter, they continued to use Iﬁid-

elevation, balsam-spruce stands extensively (56% of 54 locations).
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Figure 4. Percent of early winter (Nov-Dec) caribou locations in each forest cover type for
CHP and CHA ranges. Prince George, B.C 1988-92. CHP: use = 162 random = 1032); CHA
use = 112, random = 500. "+" indicates use is significantly greater than random; "-" indicates
use is significantly less than random; no sign indicates no significant difference.
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Figure 5. Percent of caribou locations in each forest cover type during late winter (Jan-Apr)
for CHP and CHA winter ranges. Prince George, B.C. 1988-91. Cedar-hemlock present (CHP)
ranges: use = 122; random = 428); Cedar-hemlock absent (CHA): use = 165; random = 526).
"+" indicates use is significantly greater than random; "-" indicates use is significantly less
than random; no sign indicates no significant difference.
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» S'tdndardized Selection Ratios (SSR)

Selection ratios revealed habitat selection patterns consistent with the chi-square
analyses for both winter periods (Table 1). Balsam and balsam-spruce forest types were
identified as the most likely habitats to be used during the early winter, whereas subalpine
-'pérkland stands Weré-the most likely habitat tb be used during the late winter (1988-92). In
late winter subalpiﬁe parkland habitats were 3 times (SSR,,,ypna = 0.49‘7) as likgly to be

selected compared to the next most likely habitat (SSR,,,., = 0.153). In contrast, the

alsam
probability of subalpine parkland being selected in the low-snow winter (1992-93) was about

equal to balsam and balsam-spruce stands. Balsam-spruce stands were about 2.5 times

(SSR,

alsam-spruce

= 0.261) as likely to be selected during the low-snow winter compafed to

previous late winters (SSR,

alsam-sprace = 0-096). .
Aspect and Slope
Use of élopes and aspects did not differ between CHP and CHA ranges (P> 0.05), so
_data were pooled for these analyses. |
Caribou use of aspects were significantly different between early wiﬁter and late
winter (X* = 19.55, 7 df, P = 0.007). Although caribou used north (27%) and south (25%)
aspects the most during both winter periods, southwest aspects received greater use (14% of
271) during the eariy winter compared to late winter (6% of 341). Caribou used northeaét
aspéf:ts rarely during early winter (3% of 271), but increased their use (8%.of 341) in late
winter. In addition to seasonal vdriation, caribou did not use aspects in proportions equal to

their availability during early winter (X* = 50.4, 7 df, P < 0.001) or late
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Table 1. Caribou use of forest cover types during winter using standardized selection ratios
(SSR). Habitats are ranked according to their likelihood of use.

Early Winter (Nov-Dec) 1988-92

Habitat SSR

Balsam-spruce 0.232

Balsam : 0.231

Subalpine Parkland 0.147 .
Cedar-Hemlock-Spruce | 0.127 )
Spruce-Balsam - 0,098

Non-forest | 0.095

Alpine 0.035

Immature 0.032

Late Winter (Jan-Apr)

1988-92 1993 (low-snow winter)
Habitat SSR | | SSR
Subalpine Parkland 0497 Balsam-Spruce | 0.261
Balsam 0.153 Balsam 0.234
Alpine 0.132 ‘ Subalpine Parkland 0.224
Balsam-Spmce 0.096 Alpine 0.206
Spruce-Balsam 0.024 Spruce-Balsam 0.075
Cedar-Hemlock-Spruce B 0.007 Cedar-Hemlock-Spruce  0.000
Immature 0.000 Immature 0.000
Non-forest 0.091 Non-forest 0.000
. : I n
SSR calculated as B=w /(Z W) where w; = proportion use/proportion available.
1=1
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winter (X*> = 19.6, 7 df, P = 0.007). In early winfer, caribou hsed southwest aspectg in greater
_proportion than their abundance, whereas northeast, and east aspects were us.,e'd significantly
less than their abundance. Most aspects were psed in proportion to their availability, during
late wintef, except for east aspects which were used signiﬁca;ltly less than'thgir availability
(Fig. 6).

Caribou did not use slopes in significantly different ‘proporfions between early winter
and late winter (X* = 79,3 df,_Pa—'——'0.0S). However, slope categories were used non-randomly
(x? = 26.4, 3 df, P < 0.001). Moderate slopes (16-30%) were used in. greater proportions and
moderately §teeb slopes (31-45%) were used less than their occurrence, other slope “classes
were used in proportion to their occurrence (Fig. 7). |
Forest Producti\}ity - Site Class (Good, Medium, Poo;)

Dulring the early winter,.seventy'-ﬁvé percent of tﬁe radio-collared caribou were located
in‘ forest cover types rated as good, medium or poor for forest productivity. Withiﬁ these, the
majority of locations (85%) occurred on poor productivity sites and the remaining 15% on
medium productivity sites. Caribou used all forest productivity classes in "‘proportion to their

abundance (X* = 3.37, 2 df, P = 0.185).
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Fig. 7. Percent of caribou Jocations for each slope class during winter (Nov-Apr). Prince

George, B.C. use = 533, random = 750; "+" indicates significantly greater than random.
"-" indicates significantly less than random.
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DISCﬁSSION

Caribou clearly did ﬁot use habitats in proportioh to their availAability.i Not only did
their habitat use suggest selection was occurring for certain forest types and topographic
features, but it was also evident that wiﬁter conditions influenced Which habitats were L.lsed.v
Caribou used mid-elevation (1300-1600 m) balsam-spruce st;mds extensively: dufing the early
winter which is consistent v.vith.habitat selection battems reported in the Quesnel Highlands of
B.C. (Seip 1992a). In contrast, caribou use of forest cover typés differed from more
mountainous regions where caribou make eXténsive use of cedar-hemlock‘ sfands during the
éarly »Winter (Simpson and Woods 1987, S_er‘vheen and Lyon 1989; Seip 1990; McLellan and
Flaa 1993). In this study, caribou used these habitats infrequently. Only 6 collared caribou
were located a total of 12 times between 1988-1993. These resu.'lts ére contrary to those of
Bloomfield (1979), who studied mountain caribou (without telemetry) east bf Prince George,
and reported cedar-hemlock forests were a "major constituent of caribou range in the early
winter". Admittedfy, caribou travélled throhgh, cedar-hemlock forests as they migrated
between winter and summer ranges, but the extent to which they used these stands as winter
foraging areas appearéd minimal. Reasons why caribou infrequently used low elevation cedar-
hemlock stands ére not clear, but may be related to predator avoidance or lack of fofage
(Terry et al. 1994).. |

By mid-December or January caribou had moved to high elevation subalpine parkland
sta.nds.v The elevational shift to subalpine parkland stands is consistent with all previous
mountain caribou studies in British Columbia (Edw;cirdsvet al. 1960; Bloomfield 1979,

Antifeau 1987; Simpson and Woods 1987; Rominger and Oldemeyer 1989; Servheen and
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. Lyon 1989; Seip 1990, 1§9éa) and is likely,felated to the deep snowpecks'(2-3' m) that enable-
* caribou to reach lichen-bearing branches and forage egeluslvely on arboreal lichens. _
Although the sample was srrlall, cét_ibou in this study ‘dfi_c/l’not Ause Subalbine'parkland stands
‘during the low-snow vliinter (1992-:93) (13% of 54 lecetiens) as tnuch. as they did‘in pr'e\lli.ous |
late wihters (36% of 122). Instead, they c,ontinued to usevbalsam-spr’uce' stands extensively.

~ This difference between»y'earsv may be etttibuted to the relattively shallow snowpéck that
o:c‘curred durlng thel992-93 winter. Snow eccurhulation“at this time was slow and high
elevation snowpacks .w'ere 66% of norlnal (148 cm April- 1, MOELP, Show Survey 1993).

., Because relatiyel)v" deep .shewpecks. are ret]xi,ired before catihou are able to ferage on arboteéll'
lichens at these elevatiorls, the low snowpack prqbebly redueed arboreal lichen accessibility
thus creating reletiVely poor foraging conditibns in subalpine harklahd stands. Ah apparent
.greaterl occurrence of windthro’w ancl lichen 'litterf}all' in tnid-elevation halsatm-sptuee stands
V(pers. obs) .may also have kept caribou in these habitats during 1992-93.

»The variable snow conditions betWeen years suggests that the relative importance of
mid-elevatlon balsamfshiruce stands mzty increase ih .'yeer's when snow accumulation is slow
and bbelow that lequlred to reach lichen-beating branches. In years when show accumuletion is
. rAelativlelyrrapid and firm eheugh to :suppot‘t arboreal.foraging, high elevation subalpine -~ ‘

- parkland ‘s‘tands appeats to be the preferr’ed late winter rahge. 4 '.

Because the' majority of caribou used high elevation habitats with commercially-

m'arginal volurhes, .confli.cts with timber h-ar'ves't'irlg shoilld be r_nini“mal 1n late winter. Instead,

snowmobilers and heli-ski operations probably pose a greater source of disturbance to caribou

during the late winter (Simpson 1987). ;




Although there was a slight indication that caribou preferred southwest aspects during
early winter and used east aspects infrequently, all aspects Were used during both winter
periods. Bécause aspects are likely intercorrelated with other habitat charécteristics
interpretations are difficult. Nonetheless, these results are similar to other studies that
reported caribou use all aspects during winter, but that some aspects are used more than
others depending on the geographic region (Scott and Servheen 1985; Simpson and Woods
1987; Seip 1990). Regional variation in caribdu use of aspects prdbably reflects mountain
orientation','physiographic Arelief and local weather patterns.

Caribou preferred moderate slopes (16-30%) in this study, which is consistent with
other'caribou habitat studies (Scott and Servhee;n 1985; Simp;on and Woods 1987, Rominger
and Olde‘meyer 1989). Again, ‘why moderate slopes are used extensively is not clear, but is |
probably correlated with mid_-élevation forests and subalpine basins caribou use during the
winter. | 5
Ménagem ent Im pll_’cations

. Céribou use of balsam-spruce forests on moderate. slopes during the early winter
conflict with conventional timber harvestjng practices. In this region, the majority of radio-
collared caribou were frequently located above 1525 m elevation, but only occésionally below
1372 m, which. suggests caribou-forestry conflicts may be most severe between 1373-1525 m.
‘Although 'some even-aged management (e.g., clear cutting) of mid-elevation balsam stands
may be tolerable, selection silvicultural systems are recommended where appropriate 'witﬁin
' this eleQation band. Managers should also attempt to provide forested hébitats that extend

~ from valley bottomé to subalpine areas to function as tfavel corridors between winter and
summer raﬁges.
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PART 2. | MICRO-HABITAT SELECTION IN EARLY WINTER
Following Tracks in Snow
Introduction

Large herbivores interaét'with their environment at a vgriety of spatial and temporal
scales (Jarman 1974; Belovsky 1978; Owen-Smith and Novellie 1982; Saxther and Anderson
1990; vSenft et al. 1987, Senft 1989; Stuth 1991). To gain a better understandinrg of ho§v B |
animals perceive their environment, recent investigations havé stressed the iméortance of
recognizing habitat selection as a scale-dependent process and have recommended that field
studies and\expe_ri‘ment's incorporate more thén one spatial scale (Morris 1987; Senft et al.
1987, Bell 1991; Danell et al. 1991; Orians and Wittenberger 1991). Studies'conduqted at
several scales provide a better resolution of factors tﬁat determiﬁe ecological patterns and their
interrelationships among scales (Wiens 1989).'

Resource managers also require knowledge of habitat use patterns at both larger
~(watershed, lapdscape) and smaller (micro-site) spatial scales to intégrate wildlife Ahabitat
requirements into land management decisions (Noss and Harris 1986; Hunter 1990; Salwasser
1996). To complement the macro-habitat use patterns reported above, I used ground trailing
(following tracks in snow) techniques to investigate micro-habitat selection by mountain
caribou. Following trécks of large herbivores as a meéns of "thinking like the animal" has -
only been applied in a limited number of foraging studies (Wetzel et al. 1975; Belovsky. 1978,
Owen-Smith and Cooper 1987; Renecker and Hudson: 1986; Sather and Anderson 1990;
Ward_ and Saltz 1994). Following the path herbivores choose allows the investigator to record
resource items encountered by the animal énd reduces. the potential bias of estimating resource
availability solely by what the investig‘ator deerﬁs évailable.
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Because mountain caribou consume an almost.monophagous diet of arboreal lichen
during winter, diet selection is not as important compared to other wintering cervids. Instéad,
lichen abupdance or some correlate of lichen abundance, such as tree size or species, may be
proximate cues inﬂuéncing féraging decisions. During the early winter, I fqllowed caribou
tracks in snow to identify proximate cues caribou may be uéing in their foraging decision
prbcess. Identifying tree characteristics important to caribou may help resource managers
develop silvicultural préscriptions to mitigaté the effects of forest harvesting and maintain
caribou winter habitat. To determine how caribou were using the ESSF forests, é nested
hierarchy of decisions was investigated: (1) seiection of foraging areas within the ESSF; (2)
sele;:tion of foraging paths within foraging areas; and (3) selection of foraged trees along the
chosen path. The null hypothesis for each level of selection was caribou use habitat and tree
characteristics in proportions to their océurrence. .The alternative hypothesis was caribou use

ESSF forests in a non-random manner.

Study Area
The ground trailing was carried out in the Sugarbowl-Raven Lake area 80 km east of

Prince George, British Columbia (53°N, 121°W). The area covered approximately 250 km?

and contained four (SBS, ICH, ESSF, AT) biogeoclimatic zones. Two high elevation (1220-

1500 m) cutblocks (70-100 ha) were clearcut during the study. Eleven radio-collared adult
female caribou were available as focal animals for- ground trailing and were assumed to be a
representative sample of the estimated 146 = 21 (MOELP unpubl. data) caribou using the

Sugarbowl-Raven Lake winter range.
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Methods |
Transect sam Iv)lling.

The foraging decision process was investigated by collecting dgta along three transect
types. The ﬁrsf transect type completed were foraging path transects. These transects were
designed to sample where the focal animal walked and to identify its feeding behaviour for
each tree or forage item encountered (i.e., foraged or Walkpassed). Three to five consecutive 2
m x 50 m long traﬁse‘cts centred on the caribou track were completed. The transect width (2
m) was choseﬁ to reflect the "search path" of a foraging caribou that may take a small step to
reach lichen-bearing branches. Foraging areas were loosely defined as those areas where
straight tracks, characteristic of travelling, began to fan out or criss-cross suggesting a
searching/foraging bout héd begun. Foraged trees were identified by trampling around the
base jo'f trees, or by a step towards a tree indicating a standing posture. Intensity of feeding
was indexed qualitatively by the degree of trampling (light, moderate, heavy)..

The second type of transect was foraging area tfénsects. These trans'ects‘.were
completed after foraging pathvtrgnsects and were designed to sample the area the animal was
using. These were straight 2 m x 50 m transects and completed in a random diréction every
50 m along the caribou foraging path (Fig. 8). Finally, foresf type transects (2 m x 50 m)
were conducted. This third transect type lsample,d thg ESSF forest types where th.e focal
animal was not ldcéted at that particular time. - In addition, fixed areé plots (0.01 ha) and
prism swings were completed at the end of the foraging area and forest type transects to
determine tree density and basal area. Both live and dead trees were included in all transect

' .and plot types.
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Figure 8. Schematic diagram of caribou use and random transects used to assess foraging

decisions within a foraging area. Circles are fixed area plots (0.01 ha) used to determine tree
density.
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To ensure snow characteristics were similar for all transect types, data were collected
on the same day . This limited fhe distribution of forest type transects to within a few km of
the foraging path and foraging area transects. Typically, after data were collected along
foraging path and foraginé area transects, forest types were sampled at random compass
bearings and distances away from the caribou foraging area, or at 150 m elevation bands |

4

across the forest type.

Variables .

Along each transect type fhe following treé characteristics were recorded: (1) tree |
species; (2) DBH (cm); (3) tree vigour modified from Thomas's (1979) snag classification
which included (i) live, (i1) tight-bark snag, (iii) loose-bark snag, (iv) ﬁo-bark snag, aﬁd‘(v)
windthrow. (4) activity - foraged or walked passed; (5) cumulative distance between each tree;
(6) lichen abundance visually. estifnated using a standard 10 g clump and divided into two
strata: (a@) number of lichen clumps within reach bf caribou (0 - 1.6 m) from snow surface; (b)
number of lichen clumps not within reach of caribou under present snowpack depths (1.6 m - |
3.2 m). (7) lichen genera composition estimated visually (% Aleétoria sarmentosa@/Bryoria
spp.) using 10 percent interQals. Eighty-three matched pairs of foraging path and foraging
area transects were completed in 1991-92 and 104 in 1992-93.
Snow conditions |

To obtain independent estimates of caribou sinking depths, a spring scale attached to a
ski-pole was pressed to maximum tension (tension = 22 kg) and used as an index of caribou
sinking depth. Measurements were taken at 10 m iﬁtervals along each 50 m transéct of the
caribou foraging path adjacent to the measured caribou sinking depths. Five subsamples were

averaged to provide one observation per 50 m transect and a simple regression equation was
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generated to provide estimates of caribou sinking dépths along random paths: CSD = 10.65 +
.631PP (* = 0.77,8,, = 5.1 , n = 289). Where CSD = predicted caribou sinking depth (cm)
and PP (pole penetratjon cm). T used the predicted values to test the hypothesis that caribou
select foraging paths to minimize sinking (paired t-test). Unfortunately, too few random
-samples were taken in elevations above caribou foraging areas to determine if caribou use
areas that minimize sinkiﬁg depths; thus, only selection data within the foraging area are
presented. Snow conditions were described qualitatively following Luttmerding et al. (1990).

"The majority of ground trailing was carried out during the early winter periods (Nov-
Jan) 1991-93; however, three caribou use sités surveyed in 1990 were included in some
analyseé. Sampling beganv when snow depthé at caribou use sites had reached 30-60 cm.
Caribou were monitored weekly using a helicopter and ground trailing conducted after fresh
snowfalls.

Because snow conditions could potentially influence foraging strategies, I conducted
the analyses by year to reflect the different winter conditions. In relative terms, >l991-92 was a
short winter with high elevation snowpacks within normal limits. Snow accumulated relatively
quickly in November .and December but tapered off considerably by the end of Jaﬁuary. In
_1992}-9}3, however, the winter was relatively dry and snow packs well below normal (66% of '
normal, B.C. Environment Snow.Survey 1993). Snowpacks during this year were also low
relative to 1991-92. Speciﬁcall_y, at a bench mark of 1‘525 m elevation, snow depths were
similar by the end of November (60 cm versus and 51 cm). By the end of December, snow
depths had accumulated to 130 cm in 1991 cdmpared to only 57 cm in 1992. By the end of
‘January snow depths were about 160 cm in 1991-92 and 100 cm in 1992-93. Therefore, I

considered 1992-93 as a "low-snow" winter.
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Statistical Analysis

Both univariate and multivariate techniques were used to compare differences betweep
caribou use and random transects. Analyses were conducted separately for each level of
selection to tdentify pofential effects of spatial scale.

A total of 52 caribou foraging areas (1372-1677.m)‘were sampled during Nov-Jan
'1991-93 (1991-92 n = 15); 1992-93 n =37). Telemetry locations of individual animals
provided ground trailing »sample points. Because these were at least 7 days apart, foraging
areas visited were assumed to be independent and were considered the experimental unit.
Three subsample plots of tree density and basél area were averaged to provide one
independent observation for each foraging area. Independent r-tests were used to compare
basal area and tree density of car.ibou foraging areas and random sites. These variables were
log-transformed to stabilize variances.

Selection of foraging areas

Small sample sizes of random forest type transects precluded a log-linear analysis (see
beléw) for foraging area selection, so this level of selection was analyzed usin‘giunivariate
chi-square comparisons for each tree characteristic.

Lichen abundance was a complicating factor for foraging area sélection.

Availability of arboreal lichen on stahding' treeé generally increases with increasing snow
depths (Edwards et al. 1960; Antifeau 1987; E. Terry, this study) and thus availability of
lichen varied monthly, Weekly and occasionally daily. Due to severe time constraints (i.e., it
was difficult to sample both:caribou use areas and random si’teé on the same day), sufficient
replicate samples of caribou forage areas and random transects for each day or week were not
c;btained. As a less than perfect -altemative, the analyses weré stratified by month which
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grouped sarﬁpling days into relatively "homogeneous" blocks. Separate univariate comparisons
were made between lichen abundance in caribou foraging areas and in random sites.
 Selection of foraging paths -

Mean number of trees/50 m transect, lichen abundance and lichen genera composition
along foraging paths and matched random transects were compared using paired #-tests.
Lichen abundance was log transformed and genera corhposition arcsine transformed_before
analysis. Wilcoxons' Signed-Ranks was used to compare species composition and tree vigour
of foraging paths with matched random transects.

Log-linear analysis

Because univariate comparisons could not account for the multi-variate structure of the
data set, a log-linear analysis was used for this level of selection to explore more ;:omplex
hypdtheses. Log-linear models were used to identify ihterrelationships among tree
characteristics (excluding lichen abundance) and compare foraging paths with random paths.
Transect type (i.e., foraging path vs rmdom)‘Was considered as the diéhotohous dependent
variable and tree species (balsam, spruce), vigour (live, tight-bark snag, loose-bark snag,
- windthrow) and DBH class (10-20 cm, 25-35 cm, 40-50 c¢m, > 50 cm) used as explanatory
variables. Because I considered transect type as a response variable the log-linear analyses are
similar to logit models (Tabachnick and Fidell 1j989; _Colgan and Smith 1978). The result was
a 4-way rhultidimensional contingency table. The primary goalv of the mutli-dimensional
analyses was to test hypotheses of tree selection by investigating higher order interactions that
included transect type. Interactions were screened for significant effects using paﬁial and
marginal associations (log-likelihood‘ratio GY. I was interested primarily m in‘teraction"s that

included transect type, but other significant interactions were included to obtain models that
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fit the data élthough they are not discussed in detail. Each model can be Writtén similar téj
ANOVA models. For exam'ple,.a signiﬁcaht transect (T) x DBH (D) interaéti_oﬂ(TD) i.nv»‘a N
contingency a_nalysis 1s analogous-to a DBH main effect in an AN.OVA and would indicate
dbh classes occur in differenit proportions in the two- transect types; likewise, a threé-way
association such as transect x DBH x vigour (TDV) would be comparable toa DBH X vigourv
-interaction in ANOVA and can be interpreted such that tree vigour -vgfies vx;ith free diénieter
Abut depends on transect type. A more stringent alpha level was used (P = 0.01) to assess
.signiﬁcant effects to account, in part, for non-indepe_ndénce of trees-(trees are really - 1
pseudoreplicates) and because more than one model was generate‘d from the same data set.” A’
model "fits" the data if the cell frequengies it predicts are closé to the Qbserved fr_eq.ue_ncies,
-that 'is, if the value of G* is small and P values large (P >>0.05, Fienberg 1977). Relatiqnshjps
- among categorical variaBles were examined using marginal pe;centages'and p’gram‘eterA |
estimates (lambda) divided- by their standard.error. These esﬁmates can be int;rpfetéd as
approximate standard normal deviates (Fiénberg 1977, Dixon 1990). The magnitude of ﬁhe »
estimates can be used .to .assess :relaﬁve irvnpo'rtan‘cev and tile sign indicat'e‘:.s the;_dirpctibn of the
effect. Beéause the margiﬁal' totals were not ﬁxed (i.e., counts were '}the result of,_‘s‘a‘m}plin'g_

. effort and not chosen in advan?e) and transects were not indépehdent, 'parame:ter .‘ésti.matesl are
:.conside‘red disputable, and inferences »draWn from them are. exploratory (MbCullagh and
Nelder 1987; M. Lesperence, pers comm.). None of the; tabi;s had < 20% of the .exi)ec£ed. |
frequencies less than 5 and thus the analyses-were aésumed_ to vha\v/e adequate powerl All

analyses were run using BMDP (Dixon 1990).
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Selection of trees dlong foraging paths.

To determine "acceptability” (i.e., whether caribou foraged or walked past) of each

lichen source, the total number of foraged cases were compared to the total frequency of

occurrence within each category. Log-linear models were also used to investigate proximate

cues (tree attributes) caribou use to make forage choices among trees they encounter. Because

successive trees encountered may not be statistically independent and appropriate statistical

techniques remain controversial (Owen-Smith and Cooper 1987; Noon and Block 1990), this
analysis‘is also considered. exploratory. Nonetheless, the binary response variable was activity
(foraged dr walk past) and DBH class, tree vigour and lichen abundance were used as
e#planatory variables. Because ca‘rilbou vusually consumed all arboreal lichen oﬁ windthrO\.vnv
trees, this analysis was confined to standing trees. Only transects sampled at snow depths >

70 cm were included to reduce potential bias assdciated with lichen accessability. Because
some of the trees had obvioﬁsly'been foraged, the high.er lichen.strata was used as an index of
lichen abundance. recognizing its potential shorf—c§mings as a proximate cue. Using the lower.

strata of lichen abundance may have resulted in erroneous conclusions (i.e., caribou feed on

trees with no lichen). Here, I was most interested in describing the characteristics of foraged

trees (interactions that included activity) and exploring a general tenet of foraging theory -
"take the largest” (Stephens and Krebs 1986). That is, do caribou ‘forage on trees with the
most lichen ? Trees along thé caribou path were classified according to: activity (foraged, |
walk past); lichen abundance (nil, <2 clumps, 2-6 clumps, > 6 clumps); and, DBH (10-20
cm, 25-35 cin, 40-50 cm, >50 cm)’. The result was a 2 x 4 x 4 contingency table.. A similar
log-linear analysis was done replacing tree size (DBH) with tree vigour (live, tight-bark snag,

loose-bark snag). All models were fit using log-linear methods (Fienberg 1977, BMDP4F,
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Dixon 1990).

Analyses for each level of selection were confined to the elevation bandb (1372-1677
m) where the majority of caribou spend the early winter (i.e., closed canopy ESSF, see Part 1)
and where potential cariboﬁ-forestry‘ conﬂicfs are most severe. Because sq'me habitat
characteristics varied with elevation (e.g., tree species composition and licheﬁ genera
composition), the ESSF was fpnher stratified into homogeneous blocks for some analyses:
lower ESSF .(1372-1524 m), uppef ESSF (1525-1677 m), and subalpine park-land (>1677 m)."
Relative preference (selection) or a\zqidance was inferred for all levels of resource use if

characteristics occurred in significantly different proportions than estimated availability.

RESULTS
Within Habitat Decisions: Selection of Foraging Areas
Tree density and basal area

Average tree densities of caribou foraging areas (641 sterhs/ha) were not significantly
different from random sites (690 stems/ha; P = 0.389) (Table 2), however, total (live and dead
stems) basal area of caribou use sites were slightly lower (29 m*/ha) compared to random

sites (33 m*/ha; P = 0.032)(Table 3).
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Table 2. Total tree density” (stems/ha) at caribou foraging areas and random sites in
the Engelmann Spruce-Subalpine Fir Zone (ESSF), Prince George, B.C. 1990-93

Elevation (m) Caribou Use n . ,Random Sites n
1373-1677 641 £ 68 51 690 + 64 - 135

>1677 - 366 + 186 9 - no data

| numbers are means + 95% CI
* estimates include live and dead stems >10 cm dbh.
> 1677 m typical of late winter subalpine parkland habitat

" Table 3. Mean basal areas (m*ha) at caribou foraging areas and random sites in
the Engelmann Spruce-Subalpine Fir Zone (ESSF), Prince George, B.C. 1990-93

Elevation 1373- 1677 m _

Caribou Use (n = 58) . Random Sites (n = 181)

Live 21 + 8 23 +12
Snag 8+4 10 £ 8
Total : 29 + 10 33 £ 15

numbers are means + 1SD
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Tree characteristics (species, dbh, vignur)

Caribou fnrage areas had similar proportions of subalpine fir (85%) and sprlice (15%)
compared to random sites in both years (1991-92 X’ =64, 1 df, 1_’ = 0.05; 1992-93 X*=1.22,
1 df, P = 0.269). Stratifying the ESSF into lower (1372-1525 rn) and upper (1526-16;77 m)
elevation bands also revealed no significant difference'in tree species composition between
" caribou use and random sites (P > 0.05). However, the proportions changed: lower ESSF

(1372-1525 m) foraging areas were comprised of 75% subalpine fir and 25% spruce, whiareas
upper ESSF foraging areas (1526-1677 m) contained 90% subalpine fir and 10% sprui:e.
Diameter (DBH) distributions of caribou foraging areas were significantly differénr
from random sites in 1991-92 (X* = 22.7, 3 df, P < 0.001) but not to those in 1992-93 xX*=
0.213,3 df, P = 0.978). Caribou foraging areas had fewer (29%) 25-35 c¢m stems compared to
randnm sites (41%) and slightly more (18%) 40-50-crn trees compared to random (11%)..
~Caribou foraging aireas had similar proportions of live, dead and windthrown trees as
_random sites in 1991-92 (X* = 1.92, 3 df, P = 0.389), but not in 1992-93 (X*=124,3 df, P
= 0.006). During this low-snow year, carlbou foraging areas had similar proportlons of live
stems (70%), new snags (6%) and old snags (18%) compared to random sites (70%, 7%, 21%

respectively); but had 3 times more windthrown trees (6%) than random sites (2%).

Arboreal lich-en abundance and genera composition

"The number of lichen clumps per standing tree were significantly different between
cartbou foraging areas and random sites only during December 1991 (X* = 31.8, 3 df, P <
0.001). In this month, caribou foraging areas contained trees with less lichen (within reach of

caribou) than trees at random sites (Fig.9). However, thls was not the case when the number
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, of lichen clumps above the reach of éaribou was compared to random sites (P < 0.05). This
comparison revealed foraging areas had more trees with heavier lichen loads than did random
sites, and sighificantly fewer trees with no lichen (Fig.10). Foraging areas and random sites.
had similar amounts of lichen per standing tree compared to random sités in January 1992.
Caribou did not select foraging areas with signiﬁcantly different lichc;,n clumps per standing
tree compared to random sites in any month during the low-snow winter (1992-93) (P >
0.05).

Caribou used foraging areas with significantly diff;erent lichebn‘ genera compositions
than random sites in'bofh years (1991-92: X* = 53.8, 4 df, P < 0.001; 1992-93 X* = 225, 4
vdf, P< 0.001).. In 1991-92, foraging areas had si.gniﬁcantly more trees (30%) dominated by
Alectoria sanmentosa compared to those at .random sites (17%). By contrast, duringi tfle low-
snow winter, twice as many trées (26%) supporting Bryoria spp. occurred at foraging areas
compared to random sites (11%) (Fig.11). These patterns were similar when data were

stratified into 1372-1525 m and 1526-1677 m elevation bands (P < 0.001).

Within Foraging Area Decisions - Selection of the Foraging Path
Number of trees in search path width (per 50 m transect)

Caribou used paths with significantly more trees (13 trees/50 m) per unit distance than

occurred along random paths (8 trees/50 m; paired-t, P < 0.001 years pooled).
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Composition of search paths.

Caribou paths had similar proportions of live balsam (Wilcoxon, P = 0.301); dead
balsam (Wilcoxori, P= 0.210);"1ive spruce '(Wilcoxon P .= 0.885) énd dead spruce (Wilcoxon
P = 0.581) compared to random paths. However, sigriiﬁcanﬂy more windthrown trees were
. -fé_und along‘pathé caribou chqsg (19_90-9'1:Wilcoxon P = 0.001; 1-992-93: ‘Wilcogon 1_’ =
0.010) than randdnipath? Caribou pathé had apprqxim‘.a'tvely 5 times (mean = 0.200) thé
number of windthrtcs;zvn trees corﬁpared to random patﬁs ir‘1‘1.99:0-91 b(mean = 6.042) an.d twice -
the number (mean ='0.776) comp'ared to random paths (m_éari =0.336) -during the low-snow |

winter. No 'signiﬁéant difference was apparent in 1991-92 (Wilcoxoh P = 0.345).

Lichen abundance and genera cbmposition

.'Qa_ﬁbou chose foraging paths with similar an;q'unt;; of lichen.availablé on standing. j
~ trees compared to rahdomf.paths in all years (baited;t: 19‘90_-9:1: 2 df,.'B = .0.13;"1991-9'2: 17
df, P = 0.203; 1992-93, 35 df, P = 6.06). This'pattém WQS co‘nsi>sté_'nxt for the uppér lichen
strata for all years (B > 0.05). Caribou foraging pathé'also had similar préportions of .Bryon'a |
and Akctoria as random paths (1991-92: P=0.771; 1992;93: P =0.521). | On average, trees
on calribou paths consisted of 39% A lectoria compared to 38% found .on random péths-in
1991-92. 'S'imilarly,- in 1992-93, trees along caribou path‘s.rivs‘upported lichen clumps consisting
of 45% Al-ectobria-cqrhpé;ed to 43% fo; raédorh paths. ".I’Hi/sv.pvanttgm was the same.for :

‘ meaéures of lichen abbve the reach of caribou (1991-92 P = 0.480; 1992-93 P =l0.263). -
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~ Snow conditions

Caribou sank on avérage only 2 cm less along their chosen path Compared to random
paths over most snow types. Although this was statistically significant for some snow types;,
the biological relevance suggests caribou-do not need to choose foraging paths to minimize

sinking, at least at these snow depths (Table 4).

'Lo'g-linear model

transect (T) x species (S) x diameter (D) x vigou-r V)

‘The model that best fit the 1991-92 data included the TS, SD, SV and DV

interactions (G* = 23.6, 21 df, P = 0.3.13). TD and TV interactions were not significant,

indicating caribou chose foraging paths with both similar tree sizes (G = 0.68, 3 df, P =
0.878) and vigour (G = 5.3 df=2 P = 0.07) compared to trees along random paths. The

significant TS interaction (G = 9.3, 1 df, P = 0.002) sug'gesfed caribou chose foragiﬁg paths

| ‘with slightly more Subalpine fir (90%) compared to random paths (85%) (Table 5). All third
and fourth order interactions were not significant. The best model that fit the 1992-93 data

included the TD SD, SV and DV interactions (G* = 39.2, 37 df, P = 0.373). TS and TV

interactions were not significant (G = 0.04, 1 df; P=084;,G=21,34df P=0.551
respectively) suggesting caribou chose paths with similar broportions of balsam, spruce, live
stems, snags, and windthrow compared to random patlis. Lambda parameters suggested

caribou paths had significantly fewer 10-20 cm trees than random paths. Positive associations

~ were ind_icéted between large diameter trees and paths caribou chose but estimates were not

signibﬁcant (P >'0.01) (Table 6). All third and fourth order interactions were not significant.
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Table 4. Caribou sihking dépths‘and predicted sinking depths of random paths in different

snow conditions. Prince George, B.C. 1990-93.

Snow Type Caribou Path | Random Path’ Proportion P

' of Brisket >
dry powder 40 + 8 42 + 6 57 0.01
(n=45)
‘heavy powder | 42 £ 6 40+ 2 60 10.001
(n = 58) ' S
subsurface 28+ 11 30+9 40 0.962
crust
(n = 69)
surface crust | 24 %6 27+ 4 34 0.391
(n = 25) ‘
wet-heavy 23 £ 11 25 +3 33 0.009
(n = 49)

numbers are means £ 1SD. » = number of matched pair transects

1 Predicted sinking depth from regression equation.

2 Caribou sinking depths as a proportion of brisket height (70 cm).

Table 5. Log-linear results of significant tree characteristics identified between cafib_ou
foraging paths and random paths as indicated by the ratio of the log-linear parameter
estimates to their standard errors. 1991-92.

Parameter estimates

Marginal Percents

Tree Species Caribou Path | Random Path Caribou Path Random Path
Subalpine Fir 2.76** -2.76 90 85
Spruce 2.76% 2.76 10 15

** P < 0.01 (>2.58 significantly different from zero)
number of trees used in analysis: caribou path (n = 910); random (n = 591)

3
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Table 6. Log-linear results of significant tree characteristics identified between caribou
foraging paths and random paths as indicated by the ratio of the log linear parameter
estimates to thelr standard errors. 1992-93. '

Parameter estimates

Marginal Percents

Tree size (dbh) | Caribou Use Random Caribou Path Random Path
10-20 cm -4.54% | 454 139 | a9
25-35 cm -1.69 169 29 29
'40-50 cm 1.87 -1.87 - .23 16
>50 cm 2.20% 220 9 6

* P < 0.05 (>1.96 significantly different frdm zero) .
~ ** P < 0.01 (>2.58 significantly different from: zero) :
"number of trees used in analysis: carlbou path (n = 1050); random (n =601)
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- Within Fomging Path D;cisions: Selection of Trees Along the 'Foragihg Path.
Foraged vs walked past ( "acceptability ’?

: Caribou ra;ely rejected windthrown trees or lichen iitterfall when they encounteyed .
tﬁese forage s’ources. In contrast, most'sfanding trees were passed (Fig. 12). When the
proportions of foraged cases for"ea_ch lichen source were compared to' their relative
vav’ailabili‘ties, a similar pattern of foraging decisilons‘was evident. Although windthrowﬁ trees
. and lichep litterfall were rarely encountered, ';hey weré 10 times and 15 timés (respectivelyj,

. more likely to be foraged as were the more frequently encountered standing trees (Téble 7).

Log-linear models

No si.gniﬁcant differences (P > 0.05) were detected between years for sele'cti.on of trees
along the foraging_’path so data Were pooled. '
activity (4) x vigour (’V) x Iichen‘ab.undancef (L) ..

The b.est model that fit the data included three two-way interactions: AL, AV, and VL -
‘(_(ff='7.24l, 6 df, P = 0.299). The significant AL inter'actianSUggested a difference in lichen
abundance between foraged trees and those passed by. The pattern of parameter est_imates
. s‘uggested caribou foraged fewer treeé with IOQ ljch'ern loads. In contrast, a positive
association was indicated‘ between foraged trees and trees supporting 2-6 clumps and trees’
with > 6 élumps of lichen (Table 8). Although there was avnegati\'/e association bétweeh

-foraged trees and snags, and a positive association between foraged trees and live stems,

neither parameter estimates were signiﬁcantly different from random.
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Figure 12. Caribou "acceptability” of arboreal lichen sources. Prince George, B.C. 1990-93.
Bars are disputable 95% binomial CI's. Sample sizes given above bars. .

Table 7. Estimatéd probabilities of selection for different sources of lichen caribou
encountered along their foraging paths using standardized selection ratios.

Foraging Decision

Lichen source % Foraged % Encountered SR SSR RANK
(n =247) (n = 2552) .

Live trees 0.59 0.73 0.808 0.036 (3)

Tight-bark snags 0.11 0.18 0.611 0.027 4

Loose-bark snags .. 0.02 0.06 0.333 0.015 (5)

Windthrown trees  0.17 0.02 8.50 0.382 (2)

Litterfall 0.12 0.01 12.0  0.539 (1)

SR (selection ratio) = proportion foraged/proportion encountered along foraging path
SSR (standardized selection ratio) see Manly et al. 1993 for details. pp-49-52.
Ranks represent decreasing probabilities of selection
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The VL interaction considered'all tr‘ees' along the foraging patﬁ (i;e., no selecﬁon) and
_indicatedv a pos'itive'and significant association between live stemé and lichen aBuhdance, a |
positive association between new snagsi and lichen abundance; and a negative association
Bétween old snags and li.chen. ébundance. .The three way intéraction (saturafed model) was

not significant.

activity (A) x dbh (D) x lichen abundance (L) . .

Two second Qrder inte_réctions (AL and DL).were'sigr;iﬁcant aﬁd provided a best_ fit
_model (G* = 13.61, ‘9'df, P= 6.327). The AL association wﬁs consistent with the preceding
model. Tile DL interaction suggested there waé a negative‘-association between small
diaméter Stemsv (10-20 ’cm) and greater lichen loads (2-6 and >6 cl.umps);‘ a positive trend
between the middle diameter classes (25-50 cm) and lichen abundance, and trees > 50 cm
indicating a decline’:ir.l lichen abundance (Table 9). The AD’interaction was not Signiﬁcant
which‘_sugge'sts caribou. do not discriminate betwéen trees vlbésed on size alone or size

combined with lichen (3 way interaction not significant) along their foraging path.

Lichen genera composition
Caribou foraged trees with similar lichen génera composition (higher strata) to those

trees available along the foraging path (X* = 8.58‘4 df, P = 0.07).
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Table 8. Log-linear results of tree sélectioﬁ by mountain caribou as shown by‘parametér
estimates (lambda) divided by their standard error. Prince George, B.C. 1990-1993. '

Activity , Tree Vi gour

Lichen .Foraged Walk Past Live New Snag Old Snag
Abundance :
(above reach

of caribou) _

no lichen 2.78% 278 -3.00% 171 4.93%*
<2 clumps | -2.69* 2.69 -6.59** 1.28 3.86%*
2-6 clumps 3.37** 337 3.50** - 1.45 | -4.30%*
>6 clumps | 6.64** 664 | 61 fo1s 456
Vigour .

Live 219 219
' New Snag | -1.17 117

Old Snag  |-0277 ~ |[0277

* P < 0.01 (> 2.58 significantly different from zero)
** P <0.001

Table 9. Log-linear results of tree selection by mountain caribou as shown by parameter -
estimates (lambda) divided by their standard error. Prince George, B.C. 1990-1993.

Activity » Tree diameter (cm) .
Lichen . | Foraged | Walk 10-20 cm | 2535 ¢cm | 40-50 cm | >50 cm
Abundance Past : ‘ :
no lichen 1 -2.53 2.53 6.28*** -2.31 - -2.57 0.828
<2 clumps | -2.42 242 | 3.91* 152« | -094 -0.279
2-6clumps 2.58 258 -0.61 - 2.78 2.50 -3.55%*
>6 clumps | 6.49%%* | 649  |-1101% | 351ex . | 396+ | 221

** P < 0.01 (> 2.58 signiﬁcéntly different from Zero) ‘
*** P < 0.001 S
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DISCUSSION
Selection of foraging areas

Theoretical cohsiderations of optimal foraging theory suggest foraging ungulates
should choose patches or habitats where food biomass or bite sizes are greatest (OWen-Smith

- and Novellie 1982; Bunnel and Gillingham 1985; Senft et al. _1987). If resource patches or
habitats .differ in quality acroés_ larger areas, then individuals should exhibit some degree of
sele;tion among patches or habitats (Wieﬁs 1976, Stephens and Krebs 1986). ‘

Therefore, if areas within balsam-sprucé forests differed in quantity of accessible
lichen thenvcaribou should have shown some degree of selection for foraging areas. Thth is,

" lichen abundance or some correlate of lichen ab_undahce (tree characferistic) should have been
found in greater proportions in areas caribou use than in the surrounding for;ast. My resﬁlts
provided weak support for this leyél of selection: Although there was an indication caribou
chose foragi.ngb.areas with more lichen clumps, this was only evident during Decemeber 1991.

: Tﬁis was weak evidence, however, givlen fhe higher licheﬁstratal (above a‘caribou's.fc‘>raging'

‘ reach) was used. In fac;t, there was a greater proportion of trees supporting less lichen (<1
clump) accessible to_caribou (lower strata) in foraging areas than at random sites during this
month. That no significant differences were found during January of thel same year, or during
the low-snow winter (1992-93), further Weakens the 1dea that cari{bou_ select for lichen
abundance on standing trees at this scale. On a larger scale, however, it is likely céribog

“have selected the ESSF biogeoclimatic zone because it has relatively more arboreal lichen

available than the SBS or ICH biogeoclimatic zones.

During the low-snow winter (1992-93), there were signiﬁcanﬂy more windthrown trees
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at caribog foraging areas than at random si'tes.-,f"I“he inciden;e of Windthrown trees at caribou
" foraging gfeas 1S 4consistent_Wit‘ﬁ previb};s sfudiés‘ (Edwards et ,a:l_ 1960, Antifeau’ 1987, :
Sifnpson et al. 1987; Rominger and Oldemeyef 1989). Folr. éx@impie, Iiominger and Oldemé‘y.er'
;(1989) found caribou foraging areas had 3 t.imes'A a;s many windthfown ‘trees than did random
sites. 'fhey suggesfed caribqu may be using higher elevations stands "that".(:b'rl.'cain a subalpine
ﬁ'réqmponevﬁ‘t -because windthrown trees were‘.prédominantlyr(84°/;)“svl‘1b;‘11pir}e ﬁr In this

" study, the majority 6f windthrown trees v‘verev élsq sﬁbalpine fir- (baléam)-'(90.%). This -provides |
_further evidence that wind;thfow may be paﬁly responsible for the carj_bc)u‘s éxtensive use of
high elévatioh staﬁds dominated by balsam.

‘Caribou for:éging areas had similar: probortions of balsam-spruce and vigou_y of
;tahdirig t‘re:'ésl com.parled to £hose at randon; siteg suggesting they did ﬁot s.elect‘ f;,_edi'ng areas
lbased on these characteristics. Although thé.narrow raﬁge of available tree species and tree
' vigour classes may have constrained opportunites fqr,selection, ity is»al_so possible thét these
characteristics are poor é.drrélates of' accessible lichen. “"Altho‘ugh .-so'me> .re'searchers‘ ha.v'e |
demonstrated a polsiti,ve correlation between lichen biomass and subafpine'ﬁr trees (Van Daéle"
and Johnson 198'.3;”D>etrick 1984), others ha\'/e found more 'lic.:hen'on-recently dead'énags _
(StéVenson 1979). Nénetheless’, in this study, recently dead snags and tree speci_es.did’ rllot'
'appéa.r to influence caribou ’foraéing pattelr'ns.. _The-re was, however, éi'r:i;indiczbltion‘t.hat lichen
: abund@ce was generally correlated ‘withv diameter which may have resulted in the gfeétef
‘number of large diameter (40-56 cm) trees fbund n paribou foraging areas during 1‘991-92.
..This' winte; had fewer 6c¢ﬁrrences of win‘dthrow,‘jlbu‘t deeper sno.\_ivpa‘cksi than the l‘owfsnow

winter which may have have provided more foraging opportuhiﬁes on standing trees. Overall,
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_it. appears that caribou were not selecting for foraging areas or groups of standing trees with

any particular2 attribute other than occurrence of windthrow.

| bSelection of foraging paths

With few exc_eptions, caribou appeared to foragé Ina randorﬁ manner within foraging
.ar_eas. Caribou chose paths independent of trees speciés, vigour of stan;iirig tfees, lichen
abundance and lichen genera. However, caribou did chose paths with more windthrown trees
‘than random paths in two of t};e fhree years. This further suggésts a wiﬁdthrown tree is an
important proximate cue in directing caribou féraging movements. |

Even thougﬁ caribou appéared to show no selection within a foraging area, caribou
‘paths had more ‘tvrees~ /50 m than didxrandom paths and suggests they may be "sampling""‘thei(
environmeflt cohcurrently. Repeated sampiing of the environment has‘ béen suggested as a
means by which animals "track" the spatial and temporal variance of food availability
- (_St‘e?hens and Krebs 1986).. T suggest that the apparent random movement patterns with-

respect to trees other than windthrow may serve a "sampling" function for caribou.

Selection along foraging pqths

| Recent studiés of winter foraging .by large herbivores (Vivas aﬁd Sather 1987; Astfofn
et al. 1990; Lundberg and Danell 1990; Danell at al. 1991) suggest tha’tlindividual- ﬁees and
"slvxrubs are treated as "patches" and are generally exploited according to optimal patch use
'models (Charnos) ‘1976). Most patch use modéls are 'exAtensions of CharhoV's marginal value |

_ theorem, which predicts animals will move to a new patch when intake rates decline below
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the average intaké available in other patches. It has alsb been suggested that because high
quality patches aré often sparsely distributed, selective 'us'e of these ‘forages are .also
commonly‘ associated with vincreased search times (Jarmah 1974).

In this study, I suggest that patterns of tree selection by caribou during early winter

are in qualitative. agreerhent with these predictions. Unlike star{ding trees, caribou rarely

A ‘rejected windthrown trees once they were encountered and appeared to feed intensively on

- them. The relatively high feedinglintensity was probably related to the high biomass readily

accessible on windthrown trees compared to biomass available on standing trees.
The advantage of feeding on windthrown trees is clear when the number of accessible
bites and the potential energy gained per tree are considered. A windthrown tree may provide

over 200 times more accessible lichen clumps than on standing trees (n = 2 visual estimates

only; unpubl. data) and suggests car_ibou prefer to concentrate their feeding activity where the .

number of bites are highest. Compared t(‘)-s.tanding. thess, the relh.tively long "giving-up-time"
(indicated bS/ heavy :tramplin_g), further suggehts windthrown.trées: we‘re treatc;,d as "high ‘
quality patches". That the majority of standing trees wehe passed by, provides further -
evidence that caribou were spending. much more effort héafchihg than stopping to feed at
every tree. | | |

Whether caribou actively search for windthrown trees or simply concentrate their

feeding abtivity when they encountered one, is not clear from my data. Although the

. stochastic nature of ‘windstorms and tree falls provide an uncertain environmént to exploit
(sensu Caraco 1980), windthrown trees that occur along cutblock edges are also used

frequently by caribou (Simpson et al. 1987; B. McLellan, pers comm.; E. Terry unpubl. data). )
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~ These obsei’vatior:ls' suggeét that'rcaribo‘u have some capacity to learn gnd remember where |
~high quality patches occﬁr. | |
Unlike other temperate ungulates that ténd to reduce 'acti'vity and ruminate longer '
during winter in response to.seasonal de‘clines in forage quantity oﬁrA.quality (Moen i976,
| Robbins 1983), the relatively high digestibility (82%) of a.rboreal lichen (Ror"ni_nger an’d
-Robb.ivns 1994) may minimize digestive constraints‘. Thié would allow caribou to forage .
extensively by reducing rumination time 'while increasing time and energy avéilabl'e to searéﬁ
for ﬁighly preferred trees such as Wi"ndthrow. Although the cost of locomotion increases with
snow sinking depth (Pérker et al. 1984’ Fancy and White 1987), those rééorted here‘suggest‘
'caribéu rarely sink to depths considered. excessive (?50% brisket height). _Thus, the energetic
cost associated with searc;hing and travellin.g may be pértlj '_offéet by tﬁeir relatively superior. .
a_llyocém(l)tion abilities in snow (Telfef and Kelsall 1984), gn‘d the obvious.energetic gains when
this concentratéd energy patch is encountered. Th¢ relaﬁyely small amount of accessible
lichen oﬁ standing ‘tréesﬂduring early win‘tér,]’)robably‘ enc’oﬁrages tﬁovément (search _effort) by
caribou to seek high quality patches such asv windthrown trees.

High mobility during early winter 1s ponsvistent with a similar trailing study of cariboﬁ
(Simpson and Woo‘ds 1987'). They'folléwed caribou traiis in thev Selkirk Moun.tains, B.C. and’
found caribou moved three times as far between feeding stations during early winter as they. *
did in late winter. However, the fact that caribou appear to be mobile foragers dufing periods
of food scarcify is not unique. Other ung'ulat(e.s, also exhibit high mobility‘du._ring seaséhs wheﬁ

food quality or (iuantity is low (Renecker and Hudson 4198.6; Risehhooyer 1986;

McCorquodale 1993; Ward and -Saltz 1994).
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Although exbloratory, the log-linear analyses indicated that given sufficient snow

depths to reach lichén-bearing branches, caribou chose standing_ trees with higher lichen loads

- and suggests that caribou will forage on standing tr_eeé selectively. _However;v'«because the

amount of lichen on a standing tree probably declines quite quickly as a caribou feeds on'it,

the need to move to less depleted trees likely influences search patterns and provides the

moﬁvation to look elsewhere. The best strategy to follow will likely vary w'ith'sn'owf)é}.ck

‘depth, lichen accessibility, alternate food sources, (e.g. shrubé) -as well as with_ the

physiélogical state of the forager (McFarland 1977, Caraco 1980; Mangel and Cl_a'rk‘ 1986.).

The high dégree of acceptability of licheh litterfall suggests caribou did not pass By a

- "free bite" and is also consistent with pre2diction$ for an animal foraging in a low produéﬁve
and stochastic environment (sensu Caraco 1980). Other ungulates such as black-tailed deer
- (Odocoileus hemionus columbianus) and mule deer (O. h. herﬁ.ionus) also take advantage of

- this opportunistic energy source when encountered in winter (Stevenson and Rochelle 1984;

Waterhouse et al. 1991).
Conclusions

The foraging patterhs repo‘rt'ed here sdggest that once selected, caribou are using

balsam-spruce forests in a random manner as they search for recently- windthrown trees..

Although there was an indication that trees. with high licheri loads were fdraged more often,

“the consistent use of windthrown trees suggests caribou concentrated their feeding activity.

where accessible lichen biomass was highest. Standing trees are likely to be of greatér

- relative importance in years with relatively rapid snow accumulation and few occurrences of

windthrow and lichen litterfall. _
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_Logisticgl difﬁéulties and daily time constraiﬁts limited.thAe length of caribou track

(séarch/foraging bout) that could be assessed. Trailing over longer distancesA ;han I ﬁsed (&4

- 500 m) may reveal ar clearer sequenvce of -decisions and provide additional inforfnation abouf ‘
how caribou exploit thei-r foraging en\{ironment. Recent developmeﬁts in foraging theory .
related to large herbivores also suggests reséarch efférts‘s’hould be directed towards direct
observation of caribou foragiﬁg behaviour. Although this sfudy inqlude;i a posteriori
iinterpretations of caribou foraging behaviour, general foraging patterns h’aAve been degcribed A
and can "provide a basis for further hypo_theéis testing and experimental research. Decisions '
associated with vsearc‘hing for a "good tree", bite size, bité rate, and how.long to stay at each
tree (giving-up-time), are the realm of optiﬁal foraging m.o‘dels' (Chamb_v 1976; Ches;on
1983; Edenius 1991; Rominger in prep).' Direct observations of caribou foraging behaviour
and attempts to define the functional response (Holling 1959; Crawley 1983; Gross et.al.
1993) may provide further insights into caribou foraging ‘decisior‘xsk and- patch selgction

- strategies.
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| PART 3. CARIBOU HABITAT CHARACTERISTICS AND SILVICULTURAL SYSTEMS:
A PRELIMINARY COMPARISON |
B Introduction

Alternate silvicultural systems (selection cutting) have been proposed to integrate

| mountain caribou habitat and timber harvesting (Stevenson 1979; St_évensbn and Hatler 1985;

| : : ' o

‘ Armledér‘ and Waterhouse 1990; Stevenson et al. 1994). Selection cutting methods such as

group or single tree. selection have been proposéd because -they rﬁay p;ovide a sustained yield

of timber as well as maintain liéhen-bedring trees.v In this section, I provide a preliiminary
comparison of habitat characteristic§ between areas caribou used and three high elevation

ESSF bartial-cuts. | :

* Methods
Silvicultural Pfescriptions.

| TWo partial;c;uts (CP32, CP37 George Mountain, ca. 100 ha) Qéré harvested at 50%.
volume removal using a 35 c¢cm diameter-limit cut. Both blocks were harvested using feller-

i bunchers and the majorify of snagévWere retained. A.third partial-cut (CP376, Pinkerton
Mountain, 66 ha) was harvested at a lower target volume of 30% usiﬁg siﬁgle tree selection.
Unlike the two George Mountain blocks, this sténd had a higher pre‘-ha_rvest spruce
component and the majority of snags'we're harvested. qu 'hafvesting me'thodsvv‘vere used in
this block for comparative purposes: one porﬁon of the block was 'hand-f"elled while the other
portion was harvested using a felie'r-blvmcher.' ‘,B.roth trgatmenf areas were marked-to-éut using
a q value of 1.3 (B. Harding pe}s comin). |

Partial-cut blocks were visited once or twice during the winter to monitor caribou use
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and sample stand characteristics. Blocks were sampled using 0.01 ha fixed area plots and

'prism (BAF 4) plots spaced at 100 m intervals along striplines 200 m apart.

Habitat and tree characteristics used for comparisons were confined to caribou use
areas sampled within the elevational range of the partial-cut blocks (1372-1677 m).

Comparisons of lichen abundance were confined to caribou foraging areas sampled at similar

snow-pack depths as the partial-cut blocks (+ 20 cm of mean partial-cut snowpack). Both

foraging area and caribou path transects were used for comparisons. All.comparisons were

made relative to the most recent assessment of the pértial-cut blocks (1992-93).

RESULTS
Tree density and basal area

Post-harvesting tree densities including live and dekad‘ stems were approximately 33-‘
50‘% iess than caribou foraging areas. CP37 (George Mt. #2)_had‘the highest residual tree
density (567 stems/ha), while CP376 (Pinkérton Mt.) had the lowest (336 stems/ha). CP32
(Geo;ge Mt #1) provided an intermediate tree d‘ensity (429 stems/ha) compared to these 2

blocks (Appendix 1). Residual tree densities of all partial-cuts were more similar to caribou

late winter forage areas than early winter (Fig.13). On the other hand, residual basal areas

were intermediate between caribou early winter and late winter foraging areas (Table 10). The
low residual tree density and basal area of the Pinkerton block (CP376) indicated the actual

volume removed was higher (50%) than the planned 30% volume removal.
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Figure 13. Frequency distribution of total tree densities at caribou use areas and three high

elevation partial-cut blocks. Engelmann Spruce-Subalpine Fir (ESSF) biogeoclimatic zone -

Prince George, B.C. Estimates include live and dead stems =10 cm dbh. EW = early winter;
LW = late winter

Table 10. Mean basal areas (m*ha) at three high elevation partial-cut blocks and caribou use
sites - Engelmann Spruce-Subalpine Fir Zone (ESSF), Prince George, B.C.

Live Snag Total
CP32 (George Mt) 13 9 22
CP37 (George Mty 15 13 28
CP367 (Pinkerton) 16 6 22
Caribou Use (EW) 21 £ 1 8 +1 29 % 1
Caribou Use (LW) 10£2 4 +2 14 +3

Basal area of caribou use sites are means + 1SE
EW = Early Winter (n = 58)
LW = Late Winter (n = 10)
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Spatial distributibn of trees

Although sample sizes were small; nearest;neighbour distances suggested CP32 and
CP367 were relatively more "clumped" compared to eérly winter caribou use areas. CP37 tree
'distanées s‘ugg'ested' a similar spatial dis‘tributio'n to early Winter'céfibou use areas. A higher
degree of aggregation (clumpiness) was more typical of open-canopied subalpine parkland
stands.- Mean tree-fo-treé distancés found along c'arilv)ou‘foragi‘ng'paths were about. 2 m with
~ trees slightly farther apart (3 mj in more genefal foraging areas. Maximum distance between

trees in the lower ESSF was 25 m (Appendix 2).

Tree species composition
Post-harvesting tree species composition of all blocks were similar to caribou foraging

areas (Table 11).

Tree diameter distribution -

Diameter distributions were signiﬁcantly different frorﬁ 'caribou foragihg areas‘ in all
three partial-cut bl’ock.g (CP32: X*=14.75, 3 df, P = 0.002; CP37: X>=12.11,3 df, P =
0.00‘7;.CP'376: X?=9.78, 3 df, P = 0.02). CP32 differed ‘the.z mc;st by having‘re_,lativély few
la_rger trees ‘greater than 35 cm Both CP37 and CP3‘>76‘. had similar diametef distributions
compared to ‘caribéu foraging areas, exceét both blocks had fewer large diameter trees (>50 '

cm) (Fig.14).
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Table 11. Tree species composition as a proportion of basal area for three partial-cut blocks
and caribou forage areas, Prince George, B.C.

Subalpine Fir % Engelmann Spruce %
Elevation (m) Partial-Cut Caribou Use Partial-Cut Caribou Use
CP32 (1372-1677) | 88 85 + 2 (n=61 pooled) | 12 151
CP37 (1525-1677) | 94 94 +2 (n =29) 6 6 %2
CP367 (1360-1500) | 70 76 £ 2 (n = 32) 30 24 £ 2
> 1677 100 (n = 10) 0

species composition of caribou use sites are means + 1SE.

Percent of Trees

40 ......

20 o RSN ———— e SN \\\\\\ ———

ol B \§

George Mt CP32 George Mt CP37 Pinkerton CP376 Carlbou Forage Areas

Diameter Class (cm)
B 0-20 NN2s5-35 [7]40-50 >50

Figure 14. Proportion of diameter classes at caribou use areas and three high elevation
partial-cut blocks. Engelmann Spruce-Subalpine Fir (ESSF) biogeoclimatic zone. Prince
George, B.C. Percent of trees is proportion of total stems tallied using fixed area (0.01 ha)

plots.
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T re.e vigouf

The proportions of live and dead trées 1n all three partial-cut blocks were signiﬁcantly
.different’ compared to caribou use "areas (CP32: X* = 95.4, 4 df, P < 0.001; CP37: X* =~86..4,
4 df, P < 0.00I; CP367: X*=36.8, 4 df, P < 0.001). CP32 differed the most from caribou
forage areas by having more no-"bark‘ snags, windthrown tr'ees and fewer live stems (Fig.15).
CP37 also.had fewer live stems‘compared to caribou use sites, but had more loose-bark.and
\ no-bark snags. CP367 had similar proportions of live stems and windthrown trees as caribou

 foraging areas, but had significantly fewer tight-bark and loose-bark snags.

Lichen abundance
Lichen abundance within .reach of caribou was significantiy different in the first

George Creek block (CP32) compared to both caribou forage areas arid caribou foraging paths
(x2 = 66.8, 3 df, P.< 0.001;X? = 135.5, 3 df, P < 0.001; snowpack — 100 em). The difference
was mostly due’ 1o the very hlgh percentage of trees in the partial cut supportrng no lichen
w1thin reach of caribou (81% of 104) (Fig.16). In contrast, trees in the second George Creek
block (CP37) supported similar lichen loads compared tocaribou forage areas and caribou
paths (X?=5.99, 3 df, P = 0.112;X> = 671,3 df, P = 0. 082; snowpack = 90 cm) (Fig.17).

~ Lichen availability in the Pmkerton block also differed 51gmﬁcantly compared to
caribou forage areas and caribou foraging paths (X*=19.17, 3 df, P < 0.001; X* = 24.06, 3 df,
P < 0.001). The difference was mainly due to the hlgher percentage of trees in the part1a1 cut

supporting less than 1 clump of lichen (Fig.l8).
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Figure 15. Proportion of tree vigour classes at caribou use areas and three high elevation

Tree Vigour
MW Tight-Bark Snag
Blowdown

CP367

Caribou Use

~

Loose-Bark Snag

partial-cut blocks. Engelmann Spruce Subalpine-Fir (ESSF) biogeoclimatic zone. Prince
George, B.C. CP32 (n = 147 trees); CP37 (n = 872 trees); CP367 (n = 523); Caribou use (n
= 80 forage area plots (subsample 1429 trees).
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Figure 16. Proportion of lichen clumps within reach of caribou. George Mountain CP32.
mean snowpack 100 cm. partial-cut (n = 104) trees; caribou use (n = 206) trees. range of

snow depths used 80-120 cm.
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Figure 17. Proportion of lichen clumps within reach of caribou. George Mountain CP37.
mean snowpack 90 cm. partial-cut (n = 187) trees; caribou use (n = 448) trees. range of snow
depths used 70-110 cm.
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Figure 18. Proportion of lichen clumps within reach of caribou. Pinkerton Mountéin CP376.
mean snowpack 84 cm. partial-cut (n = 240) trees; caribou use (n = 448). range of snow
depths used 70-110 cm.
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: DISéUSSION' ’

| Habitat characteristics and tree att(ibutes of t.he‘;()'artizil.-cutv blocks varied in Athei_r ability
‘t(‘)pI'OYVide ‘s'irﬁ_ilar éaribou Habitat Eharacteristics. | |

Post-harvest iregi densities of parﬁal-cuts were approximately 200-300 é_temé/ha lower

than tree densities found in early winter fbfaging areés,_.fsugg'ésting ‘the ‘stands were more
similar to late winter habifats (ie, .high elevation balsam or subaipi_ne stands). Likewise,
residUai basal ’area‘s (.liv‘e'ste;ms).weré 25;30% ble.lovx.r basél areas of ‘é'arly winter caribou _ijse
sites. The mean basal area of eérly’wintef foraging areé.s,(2l mz/hé li\}e stems)lihdicates that~‘
‘maintaining stand b"as;al areas to approxin;ételsr 20 m*/ha per silvicultural entry (Stevenson th
al. 1994) may provide caribou foraging'habitat, assuming _ére'es 4suppo_r‘:t adeq_uafe' lichen loads.
The 3 :par’tial-cut trials,thowe\;ef, were alreé.d}; below (13-16 m2/ha)‘ this recom.rr‘xended
.re‘sidual-basal'_area ‘(Alexlander 1986, Stevénéoﬁ et al. 1994) andvs"ug'"gests 50% volume
removal was pfobably toé high to meet silvicultﬁral objecti'{/.es and possibly for caribou
'habitat yobjecti\tzes as well. The relatively Io& initi'al'basél afea of many high eiévation'
~ balsam-spruce sta’nd‘s, élso suggests theré may be fe'asiibility constraints in attémpﬁng to apply
‘sele’cti‘“on 'methdds' éver poftiéris of .caribo‘u"winter range. “Furthermore,.if »2vO m:2/ha were
maintained on the first e;ltry; subsequent éntries will require relativély long cutting cycles to
allow basal area stq’cking’to. recéver (Sté?éf;éﬁn_ et al; 1_954); ,

- Tree species c'or.np(ositio'n in all blocks were éimi_lar to_caribou foraging» afcas at
compérable elevgtioris’ and:s‘ugg'ests prescriptions were adéquate in maintaining;proportions of

subalpine fir and spruce. In contrast, diameter distributions of all partial-cuts were

significantly different from caribou' forage areas. The relatively few large di>ameter stems




found in the Geotge Mountain blocks simply reflected the 35 cm diameter-limit prescription.
Likewlse, too many trees in the > 50 cm dbh class may have been'marrked.-to‘-cut in' the
'Pinkerton block. Alth.ough,. the number of trees l'in each 'dbh class per ha would be rnore
informative, the percentages presented here suggests that retaining a greater proportion of
large di"ameter trees (> 50 'cm) would bring diameter distributions closer to those found in
caribou u‘sev sites. Even though data from caribou use areas indicated live stems and new -
snags between 25-50 cm dbh provided the most acceSsib‘lelic’hen of standlngtrees, large
diameter trees (>50 cm). are lmportant sources of lich.en litterfall and possibly win'dthrow.
Maintainlng a range of diameter classes seems appropriate to meet both caribou h‘abitat and
silvicultural objectives.
~ The propoftions of .liye stems and snag classes in the partial%cuts also differed from

vcaribou‘ use sites. CP32 and CP37 (Georée Mountain) had more loose-bark and no-bark snags .
than caribou use sites, whlle CP367 (Pinketton) had fewet. Older snags, especially those that
‘have lost most of their branches and bark,. proyided the least amount of lichen and_ were used
infrequently by car1bou (see Part 2). Although this may - suggest older snags may not be
necessary to mamtam adequate carlbou habitat, other species con51deratlons (e. g cav1ty
nestmg birds) may warrant thelr retention.

CP32 and CP367 had s1gn1ﬂcantly more trees w1th lower lichen loads compared to
carlbou use sites and carlbou paths Higher lichen loads from unlogged adjacent plots (unpubl.
_data) suggested the lower hchen loads may be a result of the open canopy and 1ncreased wind
e'xposure. Although llchen that is lost from- the branches of trees (htterfall) as well as

‘blowdown, would be temporarily available (assuming a caribou encounters it), these lichen

’
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sources will only be of benefit td caribou for a relatively sﬁort period:. In summary, the low

f treé_dé.nsitie,sbtak'eh together with the lo;y licheﬁ loads »(esﬂ;.)eq‘ially»-CPéi) indicates early winter .
caribou habitat.has'.not been mainfained_and suggests the long term util‘ity‘of }these partial-cuts
‘as potential caribou‘fo;aging areas have been pompromised. Although CP37 tree_s'suppor.ted
éimil_ar lichen loads to areas caribou used, reducing t.he. amount of basal area or volume
_removed per entry.is‘ '}ecbﬁlmended to retain 5 gre'gter standing‘ tofal crop of arboreal ‘li'chen .
énd possibly the number of‘liéhen ;luﬁps per vtfeé.

4 Opening up the Fénopy will also affe}ct‘ snow depths as well as snow ch_zﬁactefistics.'
Because lichen availability is a function of snowpack depth, the dynaxﬁic relationship Bétwéen
‘snow ana forage will c'h'ange accérding to.th_e_degréve of c;mépy_'rem‘o{{al, 51te specific .wind
patterns as well as the characteristics of res’idualitrebes.' The effects of silvicultural

‘prescriptions on snow conditions and caribou use requires further study.

" Conclusions
Comparisons of habitat characteristi'cls betweeﬁ partial-cﬁt blocks and caribou use areas
-‘shou1d be viewed carefully. Whether other siivicultural prescriptions can prévide caribou
habitaf attributés ovef the Iong term is unknown. Although the dafa presenfed hefc
'repfésented a "snap‘shvot'»' of the stands, the resiqtial tree densities. and ‘lower liéhen loads |
suggests these stands have ﬁarginal long térm .value as foréging areas.. Because Caribéu |
appeared to ;io more ;earching for vx;indthrown trees than foraging sianding'trees (see Part 2),
’ furfher complicates an attempt to provide. re_cor'nmendations’that would help in develbping

silvicultural prescriptions. Of course, the ultimate criteria to',determine if élternate silvicultural -
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systems can provide carinou habitat will be whe;che_r caribou perceiQe these blocks as potential |
~ foraging habitat and use them. Although caribpu used the p'artial-e,uts infrequently (caribou
tracks were found once (CP32) over a total of 10 ground and aerial suryeys) the 'partial-cufs
were dispersed and comprised a Veny small pertien of their wintef range. Partial-cut trials
should be concentrated in caribou home ranges and monitored on a regular basis to determine
caribou use. To provide detailed pre-harvest silvicultural prescriptions, relationships between
Vlichen-abundance and tree characteristics snould be further verified in a snow-free p_eriod‘
using methods simiiar to Armleder et al.(1§92).

_ Management practices that al.ter.the spatial' and semporal availability of lichens may
| influence foraging energetics by affecting b{oth energy intake and costs. Research efforts
should be directed towards monitoring stands for caribou use and 'silvicnltural‘ resbonse as
well as quantifying the energetic reletionship between fofeging efficiency and various

harvesting prescriptions.

GENERAL'CONCLUSIdNS AND MANAGEMENT ‘IMPLI(.IAT.IONS

Forest management strategies designed to integrate the habitat requirernents of
‘mountain caribou will require considerations at both lendscape and stand level spatial scales.
The‘telemetry data suggested caribou made coarse-grained decisions (non-randonl) at
relatively lerge spatia} scales including home >ra'nge selection (ESSF) and habitafs (baisam-
snruce, subalpine parkland) within' home ranges and snggests. macro-habitat characteristics
(elevation, forest cover type and slope) may be better predietors overall of caribou use. Thus,

it is recommended forest managers attempt tn'provide large eontiguous stands of ESSF forests

66



during landscape level planning as well as travel corridors to facilitate seasonal movements.
During early winter, sfanding trees prpvided few accessible bites of lichen to caribou which
.appeared to encouragé search effort for ‘m‘ore profitable trees (i.e., Windthrow). Although there
are prdbably nieiny yariables that interact to affect windthrow rates, the majori'ty of windfall
was balsam which suggested caribou may be uéing mid-elevtioﬁ stands with_‘ a large balsam
component to optimize the probability of encountering these abundant sources of 'liche_n.
Maipfaiﬁing lérée’cdntigu&us stands of ESSF forests should‘alldw. caribou to forégé ,
extenéively as they search for these "high quality batchés" as welf as use tﬁeir summer
strategy of spacing out to reduce the risk of 4predatio-ﬁ (Bergerud et al. 1983, Bergerud and
Page 1987, Seip 1992b).

Alternate silvicultural system.s (ie., selection cﬁﬁing) may vm.aintz/tin cafibou foraging
habitat, over the long. term, if the prescription is coﬁéer\;ative :'with respeét to résiv.dual basal |
area and tree density. Althoughvthe hierarchical analyses of foraging decisions suggested
/windthrown trees were a key component of é caribou's foraging environment, maintaining pre-
harvest species cdmposition_, live to snag ratios and a ‘rang‘e of diameter classes with abundanf

arboreal lichens are recommended.
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- APPENDICES

Appendlx 1. Total tree densmes of three hlgh elevat1on part1al cut blocks ESSF, Prmce

'George, British Columbla

Location Elevation (m) - Tree Density x
mean  range (stems/ha) .

CP32 (George Ck) 1560~ (1372-1677) 429

CP37 (George Ck) | 1600  (1525-1677) 527

CP367 (Pinkerton) . | 1430 (136051‘500) | 332

Blocks pooled 15307 (1360-1677) | 429 + 113 (n = 3)

Caribou Use (EW) | 1525 -+ (1372-1677) | 641+ 68 (n=S51)’

Caribou Use (LW) > 1677 366 + 186 (n~= 9)

* numbers are means + 95% CI.‘Estimates include both liye and dead stems > 10 cm.” CP32
(George Mountain #1); CP37 (George Mountain #2): CP367 (Pinkerton-Mountain). EW =
early w1nter closed canopy ESSF LW = late winter subalpme parkland

_Appendrx 2. Prellmlnary comparison of nearest-neighbour dlstances (m) at carlbou use areas
and 3 h1gh elevation partlal cut blocks. Prmce George, B.C. :

:'caribou path | foraging area | cp32 | cp37 | cP3s7 | cP367

- | EW Lw (hand) = | (bunch)
NN1 [ 27 28 30 34 |23 |32 |36
NN2 19 : 21 . 12 |21 |21 |22 |1e
w1123 (01-165) | 3.1(1-29) | | |

~NNI = mean point to nearest tree (m).
NN2 = mean tree-to-nearest- tree distance (m). .
*** mean distance to nearest tree using 2 x 50 m transect data (n = 4 forage areas; subsample
"~ 165 trees). Range of distances are given in brackets.
EW = Early winter closed canopy ESSF LW = Late winter subalpme parkland






