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Background

Woodland caribouRangifer tarandus tarandy#n British Columbia have been
classified into three ecotypes: mountain, northern, and boreal based on diffemghe@s i
use of habitats and foraging ecology in winter (Bergerud, 1978; Stevenson & Hatler, 1985;
Heard & Vagt, 1998). The northern ecotype of woodland caribou typically forage on ground
lichens during winter in alpine or in lower-elevation piR&(s contortq or black-spruce
(Picea marianaforests (Cichowski, 1993; Wood, 1996; Johnsbal, 2000; Jones, 2007),
although use of subalpine forests has been documented (Cichowski, 1993; Wood, 1996;
Johnsoret al, 2000; Jones, 2007) and is sometimes prevalent (Bbale 2000).

Northern caribou are currently “blue-listed” (of special concern) indBriColumbia
and northern caribou within the Southern Mountains National Ecological Area have been
nationally designated as “threatened” by the Committee on the Status of Eedanijeltife
in Canada (COSEWIC, 2002). Conservation concern for northern caribou, coupled with
increasing industrial exploration and development within their provincial andrbouges,
makes protection of habitat features used and selected by northern caribou bgiaisah r
priority. Identification and mapping of habitat features used and selectestthgern caribou
herds is a prerequisite for development of an effective caribou manageraegysin the
South Peace region of central British Columbia.

Three northern caribou herds have been previously identified within the project area
(Seip, 2002; Jones, 2007); Kennedy Siding, Moberly and Quintette. These herds have a
“vulnerable” (Kennedy Siding, Quintette) or “threatened” (Moberly) Igpoulation risk
status (IWMS, 2004). A four-year study was initiated in 2002 to address knowledge gaps i
the distribution, use and selection of habitat features for these herds (Jones, 20@@éy Li
historical information and preliminary results from this study were usetemdify a number
of Ungulate Winter Ranges (UWRs) and proposed Wildlife Habitat Areas @/HA
(Goddard, 2004; Goddard, 2005; Scheck, 2006; BC Ministry of Environment, 2007). The
purpose of this project was to utilize the final results of the previous study (Jones, 2007),
combined with additional aerial-telemetry and survey data, to evaluaesmtoranagement
directives and guide future management decisions for the Kennedy Siding, Maisbrly
Quintette herds. A comprehensive analysis was conducted to quantify and digitigeial
development, protective mechanisms and likelihood of selection by caribou within woodland
caribou herd boundaries.

Project Objectives

In order to evaluate and guide management directives for the Kennedy SidinglyMobe
and Quintette herds the specific objectives of this research were to:

1. Analyze additional aerial-telemetry and GPS-collar data to identifidia
features used and selection by each herd in five seasons (spring, calving,
summer/fall, early and late winter).



2. Analyze additional and previous (Jones, 2007) aerial-telemetry and GPS-
collar data to identify habitat features used and selected by each herd during
the rut.

3. Identify and digitize habitat features selected by each herd in differasbiss

using selection models developed from the previous study (Jones, 2007).

4, Quantify and assess the location of seasonal habitat features selected by
caribou in relation to existing protective mechanisms (e.g. UWRs, WHAS)
and industrial development.

5. Summarize adult mortality and calf recruitment surveys for each dierd t
provide an indication of herd status.

6. Provide herd-specific management recommendations in respect to forestry,
range and other industrial and recreational activities.

Project Area

The project area encompassed the previously-defined herd boundaries of the Moberly
Kennedy Siding and Quintette caribou herds (Figure 1). This area is chaeachsriz
mountains and rolling hills with variable terrain, ranging from lodgepole pine, blackespru
and hybrid white-sprucd(cea glauca x engelmanhiorests at 650 m to alpine summits at
2520 m. Four biogeoclimatic zones occur within the study area: Sub-Boreal Spr&e (SB
Boreal White and Black Spruce (BWBS), Engelmann Spruce-Subalpine Fir X\EBEF
Alpine Tundra (AT) (Meidinger & Pojar, 1991).

The SBS zone occurs in the valley bottoms up to elevations of approximately 1100 m.
This zone is dominated by hybrid white spruce and subalpingie$ lasiocarpa with
occasional occurrences of lodgepole pine in drier areas and black spruceregtns.
The BWBS zone occurs on the eastern side of the Rocky Mountains, ranges inrefemat
650 to 1050 m, and is typically colder and drier than the SBS zone. Dominant tree species
include white spruceRjcea glaucy, black spruce and lodgepole pine. Fire is common in
this zone and early-seral stands containing trembling agimgrulus tremuloidgsand
cottonwood Populus balsamifeflgare numerous.

The ESSF zone occurs above the SBS and BWBS zones to elevations up to
1700 m (Meidinger & Pojar, 1991). The dominant tree species within the ESSF zone are
Engelmann sprucd(cea engelmannjiiand subalpine fir. As elevation increases in the ESSF
zone, subalpine fir dominates and the forest becomes more open, eventually turning into
parkland where stunted subalpine fir grows in clumps interspersed with alpine rseadow
(Meidinger & Pojar, 1991). The AT zone occurs above the ESSF zone and is usually
treeless. This zone is dominated by permanent ice and snow, rock, dwarf shrubs, forbs,
mosses, grasses, sedges and ground lichens.
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Figure 1. Herd boundaries for Kennedy Siding, Moberly and Quintette caribou in central
British Columbia, March 2007.



The climate in the eastern region of the study area is drier than in the wegtem r
The ESSF zone on the west side of the Rockies has an annual precipitation of approximately
1530 mm compared with approximately 780 mm on the east side (Delong, 1994). The
Kennedy Siding herd occupies the western region of the project area wher&ésberly
and Quintette herds typically occupy the eastern side of the Rocky Mountaing (Biguk
major highway intersects both the Kennedy Siding and Moberly herds, and a railway
intersects all three herds. Logging has occurred and continues in the hdrieata
elevation subalpine forests throughout the majority of the study area. The @uanetis
more developed than the Kennedy and Moberly areas from a combination of logging, oil and
gas exploration and mining.

Methods

Seasonal habitat use and selection

VHF- and GPS-collared caribou were located using radio telemetry froradaviing
aircraft using the VHF beacon of both types of collars. Locations were obtaie&ty e
winter and spring, and bimonthly in summer and fall, weather permitting. | used 844 aer
telemetry (hereafter termed VHF) locations obtained from 01 November 2005 tda@ieOc
2006, to examine selection and use of habitat features (specifically biogaarkone,
vegetation-cover type, elevation, slope and aspect) for each herd.

Additionally, two GPS-collars were recovered from Quintette caribou in July 2006.
These caribou were collared in April 2005 and GPS-collars were programmed to ialbain f
every 20 h. One collar obtained data until July 2006, but one collar failed to obtain locations
after January 2006. The average fix rate for functioning GPS-collars wasBEcause
dilution of precision (DOP) values and the number of satellites used to obtain a location (2D
or 3D) have been related to location error, | removed locations with DOP values 35 f
locations and >10 for 2D locations £ 11 locations removed) (Rempel & Rodgers, 1997;
Dussauliet al, 2001). After removing potentially erroneous 2D and 3D locations, | used 853
GPS-collar locations to analyze selection and use of habitat featuresSesaB&ed caribou
in the Quintette herd.

| generated five random locations for each use location within an availableediresd
by the 98" percentile movement distance between 20-h GPS locations for each herd in each
season. These movement distances were obtained using GPS-collar loaaticthe fr
previous study (Jones, 2007). | calculated the mean and range (minimum and maximum) of
used and available locations to examine selection for continuous habitat featvatsafel
and slope) and used selection ratios (Matlgl, 1993) to compare the proportion of used
locations to the proportion of random available locations for categorical hizlaitates
(biogeoclimatic zone, vegetation-cover type and aspect). | consideegoeas of habitat
features to be selected by caribou if the ratio of used to available locatiogeaates than
one and avoided by caribou if the ratio of used to available locations was less than one.



Selection ratios are largely dependent on the scale used to define atailabil
Quantifying availability of habitat features at a different s¢alg., home range, herd range)
may have resulted in different selection ratios. In contrast to ‘selebiyacéribou, ‘use’ by
caribou is not dependent on definitions of availability. For this reason | presentdéetper
use of habitat features by caribou in addition to selection ratios.

Consistent with the previous study (Jones, 2007), | categorized used and available
locations into five seasons based on migration patterns, biology and snow conditions
recorded during telemetry flights, and while conducting fieldwork withirstbdy area:
spring (1 April to 14 May), calving (15 May to 14 June), summer/fall (15 June to 31
October), early winter (1 November to 14 January), and late winter (15 January toc®}. Ma
The numbers of VHF and GPS-collar locations used to analyze seasonabiséteaiach
herd are presented in Table 1.

Rutting habitat use and selection

| used previous (Jones, 2007) and additional VHF- and GPS-collar locations to examine
use and selection of habitat features during the rut for each herd. The ruttibvpesinot
analyzed in the previous study, however, the WHA mechanism addressesasignific
regularly used rutting areas. For this reason, habitat use and selection bynd@adilaou
herds during the rut was also examined.

| defined the rutting period by backdating 230 days (average gestation period for
woodland caribou) from the start and end dates of the calving season. The ratomg se
(Sept 27 to October 27) encompassed rutting dates for northern caribou reporedduspr
studies (Edmonds & Bloomfield, 1984; Edmonds, 1988).

| generated five random locations for each use location within an availableediresd
by the 98' percentile movement distance between consecutive 20-h GPS locations in
summer/fall (which encompasses the rutting season) using previous moveltaecedisor
each herd (Jones, 2007). Selection analyses for the rutting season were conducted as
previously described. The numbers of VHF- and GPS-collar locations used teeanalyz
selection for each herd during the rut are presented in Table 2.

Digitization of seasonal selection models

| used an information-theoretic approach (Burnham & Anderson, 2002) to develop and
select models that best explained habitat selection by each woodland caribou beld in e
season (Jones, 2007). Covariates in the models included vegetation-cover type, elevation,
slope, aspect and distance to nearest road. Typically, the model containing eldogigon, s
and aspect best explained seasonal habitat selection by these woodland caribsederds (
Jones, 2007 for a detailed description of covariates, model development and final selection
models).



Table 1. Number of used and available locations analyzed to examine seasonal use and
selection of habitat features by woodland caribou herds in central British Caluibi

November 2005 to 31 October 2006.

Herd Collar .N.o. Season Usgd Availa}ble
Type Individuals Locations  Locations
Kennedy VHF 10 Spring 30 150
Calving 10 50
Summer/Fall 47 235
Early Winter 15 75
Late Winter 20 100
Moberly VHF 7 Spring 18 90
Calving 7 35
Summer/Fall 31 155
Early Winter 15 75
Late Winter 15 75
Quintette VHF 10 Spring 28 140
Calving 9 45
Summer/Fall 42 210
Early Winter 26 130
Late Winter 30 150
Quintette GPS 2 Spring 150 750
Calving 109 545
Summer/Fall 345 1725
Early Winter 153 765
Late Winter 96 480




Table 2. Number of used and available locations analyzed to examine use and selection

of habitat features during the rut by woodland caribou herds in central British Columbia
2002 to 2007.

Herd Collar No. Season Used Available
Type Individuals Locations  Locations
Kennedy VHF 14 Rut 40 200
Kennedy GPS 2 Rut 48 240
Moberly VHF 11 Rut 43 215
Moberly GPS 3 Rut 89 445
Quintette VHF 12 Rut 35 175
Quintette GPS 4 Rut 124 620




| used coefficients from covariates in the top selection model (Jones, 2007) to
digitize the likelihood of selection by caribou for each 25- x 25-m pixel within thgeeran
of each herd in five seasons (spring, calving, summer/fall, early wimddate winter).
Digitization of selection models was conducted using a raster GIS (PGéwoeks 9.1,
Richmond Hill, Ontario, Canada).

| scaled the likelihood of selection by caribou (between 0 and 1) for each 25- x
25-m pixel and normalized pixel values to remove the effect of outliers. 1 used a 3- x 3
pixel median filter to generate a more continuous selection surface. | binmealined
pixel values into five classes using™@ercentiles to generate a categorical
representation of relative likelihood of selection by caribou (very low, low, mediig
and very high) for each herd in each season.

| converted raster data (25- x 25-m pixels) to vector data, and generatedeshapef
from vector data to spatially represent relative selection classeadbrcaribou herd in
each season using a vector GIS (Arcview 3.2, ESRI, Redlands, California, USAst To t
the likelihood of selection by caribou for relative selection classes ieguai GPS-
collar and VHF locations collected from 2002 to 2007 to determine the percentage of
locations that fell within each selection class, by herd and season.

Assessment of protective mechanisms and industridevelopment

A GIS analysis was conducted by the BC Ministry of Environment (BC MOE) to
guantify the amount of industrial development and protective mechanisms (UWR, WHA
Parks and Motor Vehicle Closures) within the range of each caribou herd and within
areas likely to be selected by caribou (“high” and “very high” relativecieh classes).
Spatial data representing industrial development and protective mecham@sms
obtained from TRIM (Terrestrial Resource Inventory Mapping), OGC (Oil and Gas
Commission), Forest Licensees and BC MOE regional files. Point and liataefe
were buffered to represent the actual impacted area on the landscape)Talear
and polygonal features were integrated to ensure that overlapping feattgasinvaver-
guantified.

Mapping core habitat

| used the “very high” relative selection class to delineate core habitat hetoe
Forest District for the Moberly and Quintette herds in summer and wintegrglech the
early and late winter “very high” selection class to create “winterg areas, and merged
the spring, calving and summer “very high” selection class to create “stimare
areas. | removed non-contiguous pixels and used VHF- and GPS-collar locations from
2002 to 2007 to refine core polygons.



Table 3. Description, type, buffer size and source of spatial-feature dat® ugreohtify
industrial development and protective mechanisms in areas used and selected by
woodland caribou herds in central British Columbia, 2007.

Feature Description Feature Buffer Feature
Type Source
Town City or town and Polygon TRIM
associated infrastructure
Airstrips Polygon TRIM
Cutblocks Forestry cutblocks and Polygon Licensees
landings
Mines Mines and mine tailings Polygon TRIM,
ponds BC MOE
Gravel Pits Point, 1.8 ha TRIM
Polygon
Wellsites Oil and gas wells Point 1.4 ha OGC
Facilities Oil and gas facilities Point 4 ha OGC
Designated Clearings associated withPolygon TRIM
Areas seismic lines, some
wellsites and facilities
Other Other land-use features Polygon TRIM
(e.g., trailer parks,
campgrounds)
Main Roads Highways only Linear 27.5m TRIM, OGC
(Hwy 97:
35 m)
Secondary Roads All roads except Linear 10m Licensees,
highways TRIM, OGC
Railway Linear 10m TRIM
Power Lines Linear 25m TRIM
Pipelines Linear 7.5m TRIM, OGC
Seismic Lines Linear 3m TRIM, OGC
Trails Linear 2m TRIM
Ungulate Winter Polygon BC MOE
Range (UWR)
Wildlife Habitat Polygon BC MOE
Area (WHA)
Parks Polygon BC MOE
Motor Vehicle Polygon BC MOE

Closure Area
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Adult mortality and calf recruitment

Calf recruitment surveys were conducted in March in the years 2003 to 2007.
Surveys were conducted solely by aerial location of each collared caribon thighi
ranges of each herd, although incidental groups encountered along the flight path were
also included in the survey data. We located collared caribou by radio-telesietya
helicopter and obtained visual locations to determine if calves were present. We
classified all individuals observed with the collared caribou as an adult or cadf.wBee
used to determine the number of calves per 100 adults for each herd.

We identified adult mortalities from changes in collar signal rates gledch
telemetry flight. We accessed mortality sites with a helicoptes@s &s possible to
determine the cause of death. Annual mortality rate was calculated lidneraicbased
on the number of collared caribou that were being monitored at the end of March of each
year (concurrent with annual calf recruitment) and that had been monitored fentihat
year. | divided the number of caribou that died during a year by the total number of
caribou monitored for that year to obtain the annual percent mortality for each he

Results and Discussion

Seasonal habitat use and selection

Kennedy Siding

Kennedy Siding caribou selected the AT biogeoclimatic zone during spring and
calving but were not located in AT during summer/fall, early winter or latéew({Figure
2). Kennedy Siding caribou typically selected biogeoclimatic zones thatiaduigh-
elevation subalpine areas (ESSFwcp or ESSFwc3) during all seasons exgepinéar,
but avoided or did not use biogeoclimatic zones that occur in lower-elevation subalpine
areas (ESSFwk?2). In early winter, Kennedy Siding caribou selected kzZB8ut
avoided or did not use this biogeoclimatic zone in all other seasons (Figure 2).

Similar to selection for biogeoclimatic zone, Kennedy Siding cariboutedlec
alpine during spring and calving, and typically selected vegetation-coverttygteoccur
in high-elevation subalpine (parkland and fir) in all seasons (Figure 3). Thdsaucari
typically avoided or did not use spruce-leading, deciduous/shrub and young-coniferous
cover types with the exception of spruce-leading stands during calving and young
coniferous stands during early winter. In early winter, Kennedy Sidinigazamigrate
out of the mountains to a pine-dominated forest containing a large clearcut area
(approximately 10-years of age). Use of young-coniferous stands by KeBiuaty
caribou in early winter is because caribou forage within this clearcut (Jones, 20/)
of pine-leading stands within this early-winter range is also typical éoni€dy Siding
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caribou (Jones, 2007). Although use of pine stands by Kennedy Siding caribou was common
(33% of locations in pine, Figure 3), selection for pine was not evident because th&yrogjori
available locations also fell within pine-leading stands in this homogenous vangg. r

Kennedy Siding caribou used elevations ranging from approximately 750 to 1950 m, which
was similar to the range of available locations (Figure 4). Averagetielevaised by these
caribou in spring, calving and summer/fall was higher than average availatalgogis. In early
winter, Kennedy Siding caribou used elevations below 800 m, and the average used elevation
was lower than the average available elevation in late winter (Fijure 4

Average and range of used and available slopes were variable among seasenaddyK
Siding caribou (Figure 5). Kennedy Siding caribou used higher-gradient slop&s sfauning,
calving and summer/fall than early and late winter. Average used and avsltgdge were
similar in spring and summer/fall. Average slope used by Kennedy Sidibguavas higher
than average slope available during calving, but lower than average slopasl@awaiearly and
late winter (Figure 5). Selection for aspect by Kennedy Siding cariboale@sariable,
although caribou typically selected western aspects and avoided northern iaspikstsasons
(Figure 6). Southern aspects were avoided by these caribou except during Sptewajion and
use of eastern aspects by Kennedy Siding caribou occurred only during calViegrly winter
(Figure 6).

Use and selection of habitat features by Kennedy Siding caribou was beoamnalstent
with use and selection by these caribou in the previous study (Jones, 2007). Kennedy Siding
caribou typically used and selected alpine during spring and calving, subfaigstestands (fir
and fir-leading) during summer/fall and pine-leading or young-coniferous sahtms-
elevations in early winter (Jones, 2007). The time periods when Kennedy Siding caribate mig
to their low-elevation winter range and then return to the mountains varies in diffesgat
(Jones, 2007). Annual differences in use and selection for habitat features byyKSiuiegl
caribou may occur because the duration of use by caribou of early winter éeati@h pine)
and late winter (alpine/subalpine) ranges varies within these seasons.

Moberly

Moberly caribou selected the AT biogeoclimatic zone or biogeoclimatic zbakes t
typically occur in high-elevation subalpine areas (ESSFwcp, ESSFmvp or ESSkwiag all
seasons (Figure 7). Moberly caribou selected the biogeoclimatic zormethss in lower-
elevation subalpine areas on the eastern side of the Rocky Mountains (ESSFmvp) en/fslimm
early and late winter, but avoided or did not use ESSFmvp during spring and calving. These
caribou also avoided the biogeoclimatic zone on the western side of the Rocky iothda
occurs in lower-elevation subalpine areas (ESSFwk?2) in all seasons. Use ofesalb-bor
biogeoclimatic zones (SBS and BWBS) by Moberly caribou was rare, buti@elleg caribou
for SBSwk2 was evident during spring and calving (Figure 7). Selection fonieBiSy
Moberly caribou was pronounced because available locations in that zone were uncommon.

Moberly caribou selected alpine in all seasons but early winter (Figuriéh®uygh use of
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alpine by these caribou did occur (20% of locations) in early winter. Mobeihooaselected
high-elevation stands in the subalpine forest (parkland, fir or fir-leading), and didenot
avoided spruce-leading, deciduous/shrub and young-coniferous stands in all seasoa8)Fig
Selection for pine-leading stands by Moberly caribou was evident in all seas@adving,
although use of pine-leading stands by Moberly caribou was low (< 14% of locatiang i
season). Low availability of pine-leading stands in the Moberly rangdgedsualhigh selection
ratios for this stand type.

Moberly caribou used elevations ranging from approximately 900 to 1850 m, but the range
of available elevations was between about 700 to 1950 m (Figure 9). Average elevatiomg us
Moberly caribou in all seasons (approximately 1400 to 1500 m) were higher than average
available elevations (approximately 1300 to 1350 m). Moberly caribou were typated at
elevations over 400 m higher than what was available during calving, sumnasrdfaarly
winter (Figure 9).

Average slopes used by and available to Moberly caribou were similar in springrbnd e
winter, although the range of slopes used was greater than what was avaiiall¢heéise
seasons (Figure 10). Average slope used by Moberly caribou was higher tlzaye alepe
available during calving, but lower than average slopes available in sumnaarffdéite winter
(Figure 10). Moberly caribou selected western and avoided eastern aspdasasais, and
selected northern aspects in summer/fall, early and late winter éFiglr Southern aspects
were only selected by Moberly caribou during calving.

Differences in use and selection of habitat features by Moberly caribou pyeresat
between this and the previous study (Jones, 2007). Selection for alpine by Mobhledy e&as
evident in both studies, but use and selection of fir- and pine-leading stands differegl am
studies. In the previous study, Moberly caribou avoided or did not use fir- and pine-leading
stands, but use and selection for these stand types was typical in this studsefasais.
Differences between studies in use and selection of stand types by Mobibidy caay be due
to individual variation (as some collared individuals differed between studiesi withi
Moberly herd. Differences in use and selection have been observed among indiviboal cari
within a herd (Seip, 1992a; Johnsetral, 2001; Gustinet al, 2006). Conversely, caribou may
also use and select different stand types in response to environmental variatiengeig
conditions) among years (Jones, 2007).

Quintette

Both VHF- and GPS-collar data showed that Quintette caribou selected the AT
biogeoclimatic zone during all seasons (Figures 12 and 13). Selection by @uwat#dtou for
biogeoclimatic zones that occur in high-elevation subalpine areas (ESSFwém&g Svas
typical in spring, calving and summer/fall, but VHF- and GPS-collar darédfsomewhat in
selection for each of these biogeoclimatic zones in these seasons (Figures 12 &®ISE3)
collar data showed avoidance of ESSFwcp and ESSFmvp by Quintette caribou during
summer/fall. Discrepancies between VHF- and GPS-collar data maydesbegPS-collar data
was collected on fewer individuals and during different time periods. Select@nihtette
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caribou for biogeoclimatic zones occurring at elevations lower than the SRS and

ESSFmvp zones was rare, but VHF- and GPS-collar data indicated that Quaribtia c

commonly used the ESSFwc3, ESSFmv2 and ESSFwk2 biogeoclimatic zones (Figures 12 and
13).

Both VHF- and GPS-collar data showed that Quintette caribou selected alpihe in al
seasons (Figures 14 and 15). Quintette caribou selected parkland or fir stand=asoals s
except early winter, and fir-leading stands were selected only durviggéFigures 14 and 15).
Pine-leading, spruce-leading, deciduous/shrub and young-coniferous standgheergoeused
or avoided by Quintette caribou in all seasons (Figures 14 and 15).

Quintette caribou used elevations ranging from approximately 1000 to 2000 meé&Flgur
and 17), but the range of available elevations was between about 850 to 2000 m. GPS-collared
caribou in the Quintette herd were never located below about 1150 m. Average elevations us
by Quintette caribou in all seasons ranged between about 1600 to 1750 m for VHFgie&a (Fi
16), and about 1600 to 1850 m for GPS-collared caribou (Figure 17). Average elevations used
by Quintette caribou for both VHF- and GPS-collar data were highest ngspguintette
caribou were typically located at elevations over 400 m higher than what wablayand both
VHF- and GPS-collar data indicated that average use locations were thigihn@verage
available locations in all seasons (Figures 16 and 17).

Average and range of slopes used by and available to Quintette caribou varieeh betwee
VHF- and GPS-collar data (Figures 18 and 19). GPS-collar data indicatedetfeageaslopes
used by caribou were higher during calving, but lower during all other seasons tregeaver
available slopes (Figure 18). Average slopes used by and available to Quartbte were
similar in all seasons but early winter for VHF data. Similar to GP&+odéta, the VHF data
indicated that the average slope used in early winter was lower than the aeidade slope
(Figure 19).

Quintette caribou typically selected western or southern aspects and avoitiednart
eastern aspects in all seasons, but discrepancies between selectioacionatifferent seasons
also occurred between the VHF- and GPS-collar data (Figures 20 and 21). dHifda=tted
that Quintette caribou selected northern aspects in spring (Figure 20), whieoltd $lata
indicated that Quintette caribou selected northern aspects during sumraedfearly winter
(Figure 21). Again, discrepancies between VHF- and GPS-collar ddiketydecause of
differences in use and selection by individual caribou, and during different timesger

Generally, use and selection of habitat features by Quintette caribou witae lsetween
this and the previous study (Jones, 2007). Quintette caribou predominately used ardl selecte
alpine or high-elevation subalpine stands (parkland, fir) in all seasons. Durimgcase and
selection of stands that typically occur at lower-elevations in the subatpes {e.g., fir-
leading) was also typical for northern ecotype herds in the previous study (Jones, 2007)
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Figure 16. Mean elevation and range of elevation (min and max) of used and avai&ldations for Quintette caribou in central
British Columbia, 01 November 2005 to 31 October 2006.
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Figure 17. Mean elevation and range of elevation (min and max) of used and avdf8ktel@r locations for Quintette caribou in
central British Columbia, April 2005 to July 2006.
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Figure 18. Mean slope and range of slope (min and max) of used and available VHRddcatQuintette caribou in central British
Columbia, 01 November 2005 to 31 October 2006.
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Figure 19. Mean slope and range of slope (min and max) of used and available GR8eatilbans for Quintette caribou in central
British Columbia, April 2005 to July 2006.
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each aspect class is shown above bars.
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Rutting habitat use and selection

VHF- and GPS-collar data showed that Moberly and Quintette caribou seleetd and
ESSFwcp biogeoclimatic zones during the rut, while Kennedy Siding caribolesdlleet
biogeoclimatic zone that typically occurs at slightly lower-elevatiorsuibalpine areas
(ESSFwc3) (Figure 22). Moberly and Quintette caribou also selected the ESSFw
biogeoclimatic zone, but results differed between VHF- and GPS-coliafatdioth these
herds. VHF data differed from GPS-collar data in showing that Kennedy Sidibgwcaelected
SBSwk2 during the rut. Differences among VHF- and GPS-collar data forddg Siding
caribou are likely because timing of migration by caribou to the low-elevation usegen
early winter may differ among individuals and years.

VHF- and GPS-collar data indicated that Moberly and Quintette cariboueskebdpine
during the rut and typically avoided or did not use all other vegetation-cover tygese(E3).
In contrast, both data types showed that Kennedy Siding caribou selected fir aleging
stands, but only GPS-collar data indicated that Kennedy Siding caribou selpoted &HF-
data also showed that Kennedy Siding caribou selected fir-leading standstdeniag(Figure
23).

Moberly and Quintette caribou used elevations that ranged between appebxit280
and 1900 m during the rut (Figure 24). VHF- and GPS-collar data showed that meaorsevat
used by Moberly (approximately 1500 to 1600 m) and Quintette (approximately 1600 to 1700 m)
were lower than available elevations (Figure 24). Average elevations useshbgdy Siding
caribou (about 1200 m) and range of elevations (about 700 to 1700 m) were lower than average
and range of elevations used by the herds on the eastern side of the Rocky M{Motaenky
and Quintette). Range of elevations used by and available to Kennedy Siding catibou w
similar (Figure 24).

Average and range of slopes used by and available to the Kennedy Siding, Moberly and
Quintette caribou were lower than average and range of available sltpesghldifferences
between means were often small (Figure 25). Average use of slopes Wassaimong all herds
and varied between approximately 10 and 15 degrees (Figure 25). All hertsdselestern
aspects during the rut, but selection or avoidance of other aspects was nairie aanong
herds and between data types (Figure 26). Kennedy Siding caribou avoided northern and
southern aspects while Quintette and Moberly caribou selected these aspecesdE).

In summary, the Moberly and Quintette caribou typically selected alpine duting r
although fir-leading stands were used and occasionally selected. Select@stern aspects
and low-gradient slopes was typical for these two herds. In contrast, Kendedy &iribou
typically selected fir stands when in subalpine areas and pine-leadingwitindsheir low-
elevation range.



Selection Ratio

Figure 22. Selection for biogeoclimatic zone during the rut by woodland caribou meetgnal British Columbia, using VHF- and
GPS-collar locations from September 2002 to October 2006. Selection ratios tipaat@ne indicate selection by caribou for that
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Figure 24. Mean elevation and range of elevation (min and max) of used and aV&ilgbknd GPS-collar locations obtained
during the rut for woodland caribou herds in central British Columbia, September 2002 to Q6taher
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Assessment of digitized seasonal selection models

The percentages of VHF- and GPS-collar locations that fell within relseieetion classes
were consistent with predictions of likelihood of seasonal selection by carildgidwpss their
range (Table 4). The combined percentage of locations that fell within the dng “very
high” relative selection classes were greater than 71%, 91% and 95% for thel\K8rdieg,
Moberly and Quintette herds, respectively (Table 4). Validity of modsksaagly supported by
these data, as these locations were collected from a greater numbéyaf oger a greater time
period than locations used to build the models. The percentage of locations thahiiell wit
“high” and “very high” relative selection classes for Kennedy Sidindpoarduring summer/fall
and late winter were somewhat lower than in other seasons because timingatibmig and
from their early-winter range differed between locations used to constlectice models and
locations obtained in other years.

Assessment of protective mechanisms and industridevelopment

Kennedy Siding

Likelihood of selection by Kennedy Siding caribou was similar among aceassaheir
range in all seasons except early winter (Appendices). Kennedy Sidibgwcaelected high-
elevation alpine and subalpine areas in all seasons, but also selected |dioretereas in early
winter (Appendices). Selection of low-elevations by Kennedy Siding cariboulyrwéater was
because these caribou migrate to a low-elevation pine forest in this season.

Protective mechanisms in the seasonal ranges of the Kennedy Siding herd 86vere
61% of areas likely to be selected by caribou (“high”), and 60 to 70% of areas verydikely
selected by caribou (“very high”) across all seasons (Table 5). Iraduvielopment in areas
likely and very likely to be selected by Kennedy Siding caribou was less thanwiiPlhe
exceptions of early winter where 12.7% of areas likely and 4% of areaskadytti be selected
by caribou have been developed. The total protected area in the Kennedy Sidingathge t
been developed is 0.8% (Table 6), and there are .059 Krofidiinear corridors (Table 7) within
the Kennedy Siding herd boundary.

Moberly

Likelihood of selection by Moberly caribou was similar among areas attreissange in
all seasons except early winter (Appendices). Moberly caribou selegtedlbvation alpine
and subalpine areas in all seasons, but also selected valley-bottoms in earlgApim¢adices).
Selection for valley-bottoms by Moberly caribou during early winter wkayl a result of
caribou being located at low-elevations when moving between higher-elevatsn are

Protective mechanisms in the seasonal ranges of the Moberly herd covered 38 to 49% of
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Table 4. Percentage of VHF- and GPS-collar locations (2002 to 2007) in relatoteosele

classes for woodland caribou herds in central British Columbia.

No.
Herd Season Locations Relative Selection Class
(n)
\(ce)\r,\),/ Low Medium High \l_/“eg?:
Kennedy Spring 219 2 0 8 17 72
Siding Calving 104 0 1 4 26 69
Summer/Fall 426 8 1 11 44 36
Early Winter 366 0 1 2 24 73
Late Winter 611 21 5 4 21 49
Moberly Spring 289 0 0 2 2 95
Calving 120 2 3 4 24 68
Summer/Fall 535 0 2 7 20 72
Early Winter 923 0 3 4 11 82
Late Winter 1214 0 0 2 7 90
Quintette Spring 409 0 0 1 1 98
Calving 205 0 0 5 9 86
Summer/Fall 738 0 0 2 17 81
Early Winter 490 0 0 0 2 98
Late Winter 1350 1 0 1 2 97
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Table 5. Percent of areas likely (*high”) and very likely (“very high”) tesbkected by caribou
that are protected (UWR, WHA, Park, Motor Vehicle Closure) or developed (towns, &stbloc
well sites, mines, etc.) for woodland caribou herds in central British Columbja200% .

Season
. . Summer/ Earl Late
Spring Calving Fall Wintgr Winter
Kennedy Siding
Total Hectares ( very high) 75,770 75,775 75,757 75,733 75,761
Protected 75% 75% 77% 60% 78%
Developed 0.1% 0.1% 0.1% 4.0% 0.1%
Total Hectares (high) 76,137 75,747 75,770 75,742 75,774
Protected 59% 61% 61% 39% 61%
Developed 1.2% 0.2% 0.3% 12.7% 0.3%
Moberly
Total Hectares (very high) 115,031 115,090 115,000 114,981 115,013
Protected 87% 80% 79% 78% 86%
Developed 0.2% 0.4% 0.5% 1.1% 0.2%
Total Hectares (high) 115,027 114,994 115,044 115,035 115,029
Protected 49% 41% 47% 38% 49%
Developed 2.2% 4.0% 4.7% 9.0% 2.4%
Quintette
Total Hectares (very high) 145,351 145,380 145,370 145,365 145,304
Protected 80% 73% 80% 85% 73%
Developed 2.9% 2.5% 2.5% 2.4% 5.9%
Total Hectares (high) 145,403 145,287 145,381 145,375 145,342
Protected 55% 58% 52% 43% 52%
Developed 7.0% 6.7% 6.7% 5.8% 11.5%
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Table 6. Protected area impacted by industrial development for woodland caribounherds i
central British Columbia, May 2007.

Kennedy .
Siding Moberly Quintette
Protected Area (ha) 158,415 194,908 357,790
Developed Protected Area (ha) 1,223 956 20,554

Percent Developed 0.8% 0.5% 5.7%
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Table 7. Linear development (km/Rnwithin herd boundaries for woodland caribou herds in
central British Columbia, May 2007.

Kennedy

Siding Moberly Quintette
Total Herd Area (ha) 378,698 574,979 726,359

Roads 0.40 0.63 0.70
Railways 0.04 0.02 0.01

Power Lines 0.06 0.05 0.02
Pipelines 0.02 0.03 0.06

Seismic Lines 0.05 0.26 0.51
Trails 0.02 0.03 0.16

Total 0.59 1.02 1.47
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areas likely to be selected by caribou (“high”), and 79 to 87% of areas verytbkedyselected

by caribou (“very high”) across all seasons (Table 5). Industrial developmargds very likely

to be selected by caribou was less than 1.1%, while development in areas likelglextas Dy
caribou ranged from 2.2 to 9.0%, with the most development occurring on the early winter range.
The total protected area in the Moberly range that has been developed is 0.5% ) Taxiude

there are 1.02 km/kfof linear corridors (Table 7) within the Moberly herd boundary.

Quintette

Likelihood of selection by Quintette caribou was similar among areassabesrange in
all seasons except late winter (Appendices). Quintette caribou selectesldvigtion alpine and
subalpine areas in all seasons, but also selected low-elevation areawint&atéAppendices).
Selection for valley-bottoms by Quintette caribou during late winter iely la result of
caribou being located at low-elevations when moving between higher-elevaasn are

Protective mechanisms in the seasonal ranges of the Quintette herd covered 43 to 58% of
areas likely to be selected by caribou (“high”), and 73 to 85% of areas veryttkedyselected
by caribou (“very high”) across all seasons (Table 5). Industrial developmardds very likely
to be selected by caribou ranged from 2.4 to 5.9%, while developement in areas liely t
selected by caribou ranged from 5.8 to 11.5%, with the most development occurring on the late
winter range. The total protected area in the Quintette range that has belepetbis 5.7%
(Table 6), and there are 1.47 km/kai linear corridors (Table 7) within the Quintette herd
boundary.

In summary, the majority of areas that are very likely to be selectedibgwaand
approximately half of the areas likely to be selected by caribou in the sdegeh herd are
covered by some type of protective mechanism. The majority of protectedamecUngulate
Winter Ranges (62%, 40% and 72% for the Kennedy Siding, Moberly and Quintette herds,
respectively). Under the Forest and Range Practices Act, forestifiegare regulated or
excluded within Ungulate Winter Ranges. There is no legal protection, however, from
development by other types of industry within Ungulate Winter Ranges. Similittilife
Habitat Areas offer the same limited protection as Ungulate Winter Rangktife/#abitat
Areas account for 1%, 14% and 14% of the protected areas for the Kennedy Sidindy siatber
Quintette herds, respectively. Motor Vehicle Closures restrict motiovizigicles within an area
but do not exclude development within that area. Motor Vehicle Closures account faf a sm
portion of protected areas within the Kennedy Siding and Quintette rangthélask’), but
account for 30% of the protected areas within the Moberly range. The only protective
mechanisms that exclude all types of industrial development from an aresrlsafd
Protected Areas. Parks account for 27% of the protected area for the Kertiegyh8id, and
19% of the protected area for the Moberly herd. Parks account for less than 1% of tttegprote
area for the Quintette herd.

Generally, areas that are likely or very likely to be selected byatardmain relatively
intact, and may be suitable for protective measures. Of the three herds, the&uanitabu
range has the highest density of linear corridors, the highest pge@iftadustrial development
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within areas that are likely and very likely to be selected by caribou, andytieshpercentage
of industrial development in areas that contain some type of protective mechanism.

Seasonal core habitat for caribou herds

| delineated core summer and winter areas within the Peace Forest Daindary based
on model predictions of areas very likely to be selected by caribou, and locations-caruHF
GPS-collared caribou (2002 to 2007, Figure 27). For the Quintette herdn31320Q1) of
caribou locations were within the “very high” selection class in summer, andr98%584) of
caribou locations were within the “very high” selection class in winter. Fdvitieerly herd,
84% ( = 1096) of caribou locations were within the “very high” selection class in syramngk
87% ( = 2238) of caribou locations were within the “very high” selection class in winte
Model predictions of high likelihood of selection by caribou, combined with a high perceifitage o
use by caribou provide strong support for protective measures to focus on delineated co
summer and winter ranges (Figures 28 to 31).

Adult mortality and calf recruitment

For a caribou population to be stable, calf recruitment needs to be twice as &ngiuals
adult mortality, given an equal number of males and females recruited into thetipopula
(Bergerud & Elliot, 1998). For five years of survey data, calf recruitnvastat least twice as
high as adult mortality for the Moberly and Quintette herds (Table 8), indichah¢he
population is stable and probably increasing for both herds. In exception, calimeatuitas
not twice as high as adult mortality for the Kennedy Siding herd, largelyodukigh adult
mortality and low calf recruitment rate in 2005. For the first year of suri@y(8@03) we only
had two collared caribou in each herd, therefore, mortality rates may not alcteptesent
adult mortality for this year (e.g., it is unlikely that 50% of the Quintettd tHed).

A population census conducted in 2002 indicated that there were 166, 191 and 154 caribou
in the Kennedy Siding, Moberly and Quintette herds, respectively (Seip, 2002). Anothe
population census, combined with continued monitoring of calf recruitment and adult yortalit
would be beneficial to confirm stability of caribou herds and monitor population trends.

Management Recommendations

Initial declines in caribou populations are believed to be related to liberal hunting
regulations prior to the early 1970s, and increasing maddseq alcespopulations throughout
British Columbia in the early 1900s (Seip & Cichowski, 1996). An increase in moose numbers
may support an increasing number of wolv@ar{is lupu}, resulting in higher predation
pressure on caribou (Bergerud & Elliot, 1986; Seip, 1992b). Predation is considered to be the
primary factor contributing to population declines of caribou (Bergerud & Elliot, 1986, Se
1992b; Wittmeret al, 2005).
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Figure 27. VHF- and GPS-collar locations (2002 to 2007) for woodland caribou herds in central
British Columbia, May 2007.
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Figure 28. Core area and areas very likely to be selected by Moberlyucargiammer. The
core summer area was delineated using “very high” selection in spriviggcand summer and
refined by Moberly caribou locations in summer. Core area is confined to the Peeste F
District boundary.
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Figure 29. Core area and areas very likely to be selected by Moberlyucariwmter. The
core winter area was delineated using “very high” selection in early endilater and refined
by Moberly caribou locations in winter. Core area is confined to the Peace Pistest
boundary.
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Figure 30. Core area and areas very likely to be selected by Quintditeidgarsummer. The
core summer area was delineated using “very high” selection in spriviggcand summer and
refined by Quintette caribou locations in summer. Core area is confined to tecHeeest
District boundary.
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Figure 31. Core area and areas very likely to be selected by Quintditeigarwinter. The
core winter area was delineated using “very high” selection in early endilater and refined
by Quintette caribou locations in winter. Core area is confined to the Peast [bistact
boundary.



Table 8. Annual calf recruitment and adult mortality rates for woodland caribouiheelstral British Columbia, March 2003 to

March 2007.
Calf Recruitment Adult Mortality
Herd Year No. No. Calves/ No. Cpllared No: . Percgnt
Calves  Adults 100 Adults Caribou Mortalities ~ Mortality
Kennedy 2003 9 34 26 2 0 0
2004 9 51 18 3 0 0
2005 4 48 8 9 3 33
2006 16 75 21 5 0 0
2007 15 103 15 10 1 10
Total 53 311 17.7 29 4 13.8%
Moberly 2003 6 39 15 2 0 0
2004 5 28 18 7 1 14
2005 11 39 28 7 0 0
2006 3 19 16 5 1 20
2007 3 12 25 5 0 0
Total 28 137 20.4 26 2 7.7%
Quintette 2003 13 45 29 2 1 50
2004 16 81 20 2 0 0
2005 8 55 15 6 0 0
2006 13 83 16 7 0 0
2007 13 92 14 6 0 0
Total 63 356 17.7 23 1 4.3%

[AS]
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Logging, mining, oil and gas exploration and associated roads likely contribetdutmng
woodland caribou populations and ranges (Heard & Vagt, 1998). These activitieseanbat
seral forests that may support the increase or presence of alternativegreydese), and
consequently predator numbers (Heard & Vagt, 1998; Seip & Cichowski, 1996). Survival of
caribou may depend on their ability to space out or space away from predatges({B&
Page, 1987; Seip, 1992b). Proximately to linear features and early-sesahaseeesult in an
increase in risk of predation to caribou (Darby & Duquette, 1986; Cumming &gBeaf93;
James & Stuart-Smith, 2000). Management practices for woodland caribou should focus on
providing large amounts on contiguous habitat that allow caribou to space away from predator
(Seip & Cichowski, 1996).

Core summer and winter ranges have been identified within the Peace Rsirist fOr
the Moberly and Quintette herds (Figures 28 to 31). Management objectives withinrsamdme
winter core areas have been developed (Dale Seip, BC Ministry of Foredtshauld be
implemented in order to ensure adequate habitat protection for these caribou herds.
Management Objectives for Core Summer Ranges

1. Minimize the “footprint” of any habitat destruction/alienation.

2. Minimize predator and human access.

3. Minimize the creation of habitat conditions that will attract earlyisergulates.

4. Minimize disturbance to caribou, especially on calving ranges during the cpbtirgl.
Management Objectives for Core Winter Ranges

1. Do not reduce terrestrial lichens.

2. Do not reduce arboreal lichens.

3. Do not conduct activities which will disturb or displace caribou from the area.

4. Do not create improved predator or human access.

Core ranges include areas that are very likely to be selected by canmoiopresence of
caribou in these areas has been confirmed. Areas that have been delineatedhaghvery
selection by caribou, but where presence of caribou has not been confirmeminactuded in

core areas. Prior to development within these areas (Figures 28 to 31), absenbewshauld
be determined before exploration or industrial development occurs.
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