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Introduction

In 2002, the Northern Caribou Strategy was released by the Cariboo-Chilcotin Land Use Plan (CCLUP) Caribou Strategy Committee following seven years of research, inventory and mapping projects to develop and integrated caribou habitat management approach.  Work on this project began in 1995 when GIS analyses were used to identify initial modified-harvest and no-harvest areas for caribou.  Extensive consultations with stakeholders, primarily regarding timber harvest areas, but also including access management and park planning were carried out from 1998 until completion of the report in 2002.  At this time, it was recommended that the Northern Caribou Strategy be reviewed every five years to ensure that caribou and timber objectives are being met.
This five year review will attempt to address the following questions:

· What is the current status of the Northern Caribou (Itcha-Ilgachuz) population in the CCLUP area?

· What caribou monitoring and research work has been done since 2002?
· How much timber harvest has occurred and have recommended approaches been followed in the last five years?

· What progress has been made in implementing the specific recommendations in the NCS?

· What is the extent of the Mountain Pine Beetle attack within these large Wildlife Habitat Areas and are the General Wildlife Measures still the best approach for maintaining Northern Caribou Habitat?

· Have any issues emerged in the last five years with respect to implementation of the NCS that require further work and/or changes to the strategy?

Refer to Appendix 1 for a quick summary of progress on implementation.
Recovery Planning for Northern Caribou – Some Background Information

Northern Caribou were first blue-listed (S3S4) by the Conservation Data Centre (CDC) in 2000. Blue-listed species are considered vulnerable or sensitive (at risk) and in need of special management to ensure their survival.  In May 2002, the Committee on the Status of Endangered Wildlife in Canada (COSEWIC) confirmed the initial 2000 classification as nationally threatened for all Woodland Caribou within the Southern Mountains National Ecological Area (SMNEA) based on the updated status report (Thomas and Gray 2001).  The three Woodland caribou herds within the SMNEA referred to in the Northern Caribou Strategy belong to the Southern Mountain Caribou Population and the West Central British Columbia metapopulation (Map 1).
In November 2004 the Province released A Strategy for the Recovery of Northern Caribou in the Southern Mountains National Ecological Area in BC.  This report was put together by the Northern Caribou Technical Advisory Committee (NCTAC) to identify recovery strategies, based on sound biological principles deemed necessary to protect and recover Northern Caribou in the SMNEA.  It approaches Northern Caribou Recovery using the precautionary approach which states that where there is a threat of significant reduction or loss of biological diversity, lack of full scientific certainty should not be used as a reason for postponing measures to avoid or minimize a threat.  The vision of the Recovery Strategy is:
“The maintenance of caribou and their habitat in perpetuity throughout British Columbia’s Northern Caribou range in the Southern Mountains National Ecological Area.”

The following three recovery goals were outlined to advance the recovery of Northern Caribou in the SMNEA (NTAC 2004): 

(1) sustainable local populations of Northern Caribou distributed throughout their current range; 
(2) recovery of identified local populations at risk; and,

(3) public support for recovery of Northern Caribou populations and their habitats
 To facilitate achievement of these goals the West Central Caribou Recovery Implementation Group (RIG) was established to provide further advice on measures required to recover Northern Caribou from the Charlotte Aplands, Itcha-Ilgachuz, Rainbows, Tweedsmuir-Entiako and Telkwa sub-populations.  In October 2004 the Species at Risk Coordination Office (SaRCO) was established and was tasked to develop a comprehensive, credible, and defensible provincial strategy for the conservation and recovery of species at risk in the province.  At this time SaRCO requested that RIGs suspend their meetings until a decision framework supported by the provincial government was in place.
The Ministry of Environment is presently examining options to reinstate planning and implementation for Northern Caribou within the SMNEA.  Once initiated, this work will address conservation concerns for all herds and will provide information and recommendations on identification and protection of habitat to address SARA requirements for all herds.

Part I.  Conservation Status for Northern Caribou in the CCLUP Area
Three Northern Caribou herds belong to the west-central metapopulation and reside within the Cariboo Region; the Itcha-Ilgachuz, Rainbow and Charlotte Alplands herds (Map 1).  Although these three herds spend June and July in their respective calving grounds, they occasionally share common winter range and are therefore considered to belong to the same caribou population.  From this point forward, the Northern Caribou range for all three herds designated by all radio telemetry re-locations encompassed within the minimum convex polygon will be referred to as the “Northern Caribou Area” (Map 2).  The three Northern Caribou herds within SMNEA were assigned a conservation ranking in the Northern Caribou Conservation Strategy based on population viability, threats, habitat condition and degree of habitat protection (Table 1).  According to this priority assignment, the Itcha-Ilgachuz herd is one of only two herds given the highest conservation ranking. 
Table 1.  Preliminary conservation risk assessment and priority for Northern Caribou within the SMNEA (NCTAC 2004).

	Conservation Category
	Itcha-Ilgachuz
	Rainbow
	Charlotte Alplands

	Viability (size, trend and connectivity)
	high
	meduim
	low

	Threats (harvesting, predation, access, hunting and fire risk)
	high
	high
	high

	Habitat Protection (percent of habitat protected, inoperable and under special management)
	medium
	meduim
	meduim

	Habitat Condition (percent sutiable, capable and degree of fragmentation)
	high
	meduim
	meduim

	Conservation Ranking
	1
	3
	4.5


The Itcha-Ilgachuz herd is one of only two local populations within the SMNEA that maintains a sport hunting season.  The sole Northern Caribou hunting season within the Cariboo Region lies within MU 5-12 and occurs annually from September 1 - October 15 for one five point bull
 per hunter.  Each harvested caribou must be compulsory inspected by a Ministry of Environment wildlife official or designate, so that the exact age and location of kill can be determined.  From 2005-2010 the allowable harvest has been and remains at 40 bull caribou annually.  The annual harvest of 40 bull caribou plus the estimated 10-20 animals taken each year by First Nations represents approximately 2% of the population (based on the 2003 estimate) and is not likely having a significant impact on population stability at this time.  

Itcha-Ilgachuz Herd

The Itcha-Ilgachuz Northern Mountain Caribou herd appeared to be stable to increasing at the time of completion of the Northern Caribo Strategy (Young et al. 2002).  In June 2003, a post calving survey was conducted and findings supported previous data resulting in a 2003 post-season population estimate of 2800 caribou (Young and Freeman 2003).  A follow up 2004 late winter Itcha-Ilgachuz calf recruitment survey was conducted and a total of 374 caribou were observed.  March 2004 survey and sightability conditions were considered poor due to the lack of snow coverage on the ground.  The resulting calf ratio of 11.3 calves/100 adults or 9.9% calves was lower than the suggested stablilizing recruitment of 16% (Bergerud 1992).  Annual surveys from 1994 to 2003 consistently observed stable calf production and breeding female components and an increasing bull/100cow ratio (Figure 1).
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Figure 1.  Summary of caribou post calving surveys for the Itcha-Ilgachuz Mountains Herd, 1978-2003.

Due to the previously stable condition of the herd, the steady loss of functioning radio-collars (as collared animals aged and died) and the increasing proportion of funding and staff time allotted to the red-listed Woodland Mountain Caribou in the eastern portion of the Region, only the single (2004) late winter calf recruitment surveys of the Itcha-Ilgachuz herd was attempted from 2004-2006.  

In June 2007, funding permitted a post calving survey of the Itcha-Ilgachuz Northern Mountain Caribou herd to be carried out on June 18th and 19th.  Based on a continuation of the graph trend depicted in Figure 1, survey participants had expected to observe upwards of 3000 caribou, however only of 1784 caribou were observed; including 1021 cows, 432 calves, 237 bulls, 90 yearlings and 4 unclassified adult caribou.  The caribou calves represented 24.2% of the total caribou sighted.  The bull ratio was observed at 23 bulls/100cows, substantially lower than the minimum provincial target of 35bulls/100cows.  The yearling component of the population also appeared low, represented by only 5% of the observed caribou.  The outcome of the 2007 June survey was deemed unreliable due decreased caribou sightability (particularly bulls and yearlings) that resulted from delayed green-up conditions.
Due to the atypical June 2007 pre-survey conditions, a subsequent rut survey was attempted in October 2007 for the Itcha-Ilgachuz and an all time low of 126 caribou were observed, of which 80 were classified (including 44 cows, 6 calves, 14 bulls and 11 yearlings).  Although it is likely that delayed green-up conditions again negatively impacted caribou sightability during this survey, record low numbers of caribou observed on subsequent June and October 2007 surveys, stresses the importance of obtaining an accurate estimate of herd size in the immediate future.  
The 2008 post calving survey was not attempted due to similarly higher than average winter snowfalls and late spring green-up conditions (Patrick Dielman pers. com.).  The lack of a sound survey result since 2003 places extreme importance on completing an Itcha-Ilgachuz caribou population survey in 2009.
Rainbow Herd
In 2002, the Rainbow Mountain herd was estimated at 125 animals.  Poor calf recruitment observed during late winter flights from 1996 to 2001 and diminishing numbers observed during both post-calving and rut surveys indicated that the herd was in decline.  No complete surveys were conducted in the Rainbow Mountains from 2002-2007, however in October 2007 limited flight time was spent surveying the flats on the NE side of the Rainbow Mountains where caribou have been observed regularly in the past.  During this partial and incomplete rut survey only five Rainbow caribou were observed (2 cows, 1 calf and 2 bulls).  It was assumed, that due to the unseasonally late green-up conditions, caribou here and in the Itcha-Ilgachuz were utilizing forested, lower elevation habitats at this time, resulting in low numbers of caribou observed.  

On October 1st, 2008 a rut survey was conducted and a total of 44 caribou were observed, including 24 cows, 6 calves and 14 bulls.  This is an obvious decline from the 108 caribou observed in the last (2000) complete fall survey (Figure 2).  The 2008 fall survey count of 44 caribou observed under moderate survey conditions with a low calf percentage indicates a decline from the estimated 125 caribou in 2002 to approximately 50 caribou in 2008.
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Figure 2.  Summary of post-calving and rut surveys for the Rainbow Mountain herd, 1995-2008.

Charlotte Alplands Herd

The local population of Northern Caribou in the Charlotte Alplands was established through reintroduction of transplanted Itcha-Ilgachuz caribou between 1984 and 1991. When the Northern Caribou Strategy was released in 2002, the herd was estimated at approximately 50 animals and appeared to be stable or slightly decreasing.  No surveys have been conducted in this area since 2001.  The lack of recent survey data makes it difficult to accurately predict the status of this re-established Northern Caribou herd, though anecdotal evidence suggests that this herd has declined.
Part II.  Government Direction and Planning for Northern Caribou Management

Government direction for Northern Caribou management has to-date been provided through various instruments, some legislated, some non-legislated.  The direction provided by the CCLUP Norther Caribou Strategy has recently been legalized for the purposes of forest management under FRPA by means of the designation of Wildlife Habitat Areas and General Wildlife Measures for Northern Caribou.  See the descriptions that follow for details. 

CCLUP Caribou Strategy

The CCLUP as a Higher Level Plan contains legal objectives for Northern Caribou.  The CCLUP Northern Caribou Strategy developed from 1998 to 2001, and released in early 2002 by the IAMC, provides non-legislated direction from government on how to best implement the Higher Level Plan (HLP) objectives.

Caribou Wildlife Habitat Areas (WHA’s)

The ‘no harvest’, ‘modified harvest’ and ‘natural disturbance seral distribution’ areas identified in the CCLUP Northern Caribou Strategy were legalized for forest management purposes under FRPA in December 2004.  Forest Stewardship Plans must respect the legal WHA boundaries.

General Wildlife Measures (GWM’s)

General Wildlife Measures for all those WHA’s established for Northern Caribou were legalized in July 2005.  These GWM’s are legal practice requirements for forest practioners or licensees operating within the WHA’s.  In July 2007 an order amendment was passed to offer more specific direction for harvesting in Area 5-087 (SBPS Natural Disturbance Seral Distribution Zone).  The amended General Wildlife Measure clarified requirements for age classification of timber attacked by Mountain Pine Beetle within the modified harvest NDSD zone.  Please refer to Appendix 2 for more details.

Sustainable Resource Management Plans (SRMP’s)

Sustainable Resource Management Plans are being developed by the Integrated Land Management Bureau to address in more detail how HLP objectives are to be addressed across the different spatial landscapes.  The final draft of the Chiclotin Sub Regional Management Plan was submitted to the CMC in June 2007.  SRMP objectives are at present unlegislated, however the intent is that once finalized a suite of these objectives would be legalized under the appropriate legislation.  With respect to Northern Caribou objectives, the objectives contained in the draft SRMP’s would not likely be required to be legalized, as this has already been accomplished through designation of WHA’s and GWM’s.

Recovery Impementation Plan for Northern Caribou in the Southern Mountains National Ecological Area

A Strategy for the Recovery of Northern Caribou in SMNEA in British Columbia was released in November 2004 by the Northern Caribou Technical Advisory Committee.  Recovery planning for the terrestrial lichen-winter feeding ecotype of woodland caribou in the SMNEA was initiated in response to the ‘Threatened’ designation assigned to these caribou by the Committee on Endangered Wildlife in Canada (COSEWIC).  The major purpose of this document is to outline a strategy that will lead to the down-listing of Woodland Caribou from their current “threatened” status.  

Part III.  Progress and Review of Strategy Reccomendations

The general consensus among scientists today is that fragmentation of their habitat poses the foremost threat to Northern Caribou.  For this reason within the SMNEA, limiting forest practices that decreased suitability of caribou habitat was the primary focus during the compilation of the 2002 Northern Caribou Strategy.  Other issues such as possible reductions in winter food supply, increased human access and disturbance, and alteration of predator-prey relationships are associated with habitat fragmentation. The three additional issues brought to light from the current Mountain Pine Beetle epidemic include impacts of dead trees on lichen communities, barriers to caribou movement and increased risk of widespread fires.  

The 2002 Northern Caribou Strategy states that the populations of Northern Caribou within the Cariboo Region require the following three strategies be applied together in order to best maintain local caribou herds for the future.  

· Maintain adequate suitable caribou habitat within existing northern caribou range

· Limit and regulate road access and motorized recreation in caribou habitat

· Manage predation levels on caribou where necessary

The amalgamation and essential unity of these tactics is illustrated by the three-legged “caribou stool”.  
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Although the bulk of government financial investments occurred during the production of the 2002 strategy, considerable time and funds have been spent dealing with critical issues during the last six years (Table 2).  Considering the size of the caribou habitat in question, a total of approximately $2.90 per hectare has been spent since 1992, with an average of $270,000 per year.

Table 2.  Budget history
 for Northern Caribou work conducted in the CCLUP area and forecast requirements (in thousands of dollars) for the next 5 years to continue implementation of the strategy (includes salary and non-salary dollars).
	Northern Caribou Work Non-Salary dollars

	Expenditures 1992 to 2002
	Expenditures 2002 to 2008
	Total Expended To-date
	Funding Requirements, next 5 years

	Population Surveys
	$610,000
	$90,000
	 $700,000
	$80,000

	Caribou monitoring and habitat studies
	$600,000
	$0
	$600,000
	$250,000

	Silviculture research

	$590,000
	$480,000
	$1,070,000 
	$375,000

	Predator management
	$15,000
	$0
	 $15,000
	$140,000

	Strategy implementation and monitoring
	MOE/MOFstaff only
	$120,000
	$120,000 
	$50,000 

	Access management and monitoring
	$10,000
	MOE/MOFstaff only
	$10,000
	$10,000

	 
	 
	 
	 
	 

	Northern Caribou Work - Staffing Expenses
	 
	 
	 
	 

	Ministry of Environment
	$200,000
	$30,000
	$ 230,000
	$30,000

	Ministry of Forests and Range
	$1,125,000
	$450,000
	 $1,575,000
	$150,000


Silviculture Systems, Habitat and Biodiversity Research

Northern Caribou habitat and population research has been ongoing in the Cariboo region since the first Itcha-Ilgachuz caribou were radio-collared in the 1980’s.  In the mid 1990’s a major project investigating silvicultural systems that could potentially maintain habitat was started in the Itcha-Ilgachuz caribou range (Armleder et al. 1996).  The treatments included using group selection (GS) (0.02-ha openings) with stem-only harvesting and irregular group shelterwood (IGS) (0.05-ha openings) with both stem-only and whole-tree harvesting.  Results from these silvicultural systems trials prior to 2002 resulted in the recommendations for modified harvest techniques outlined in the CCLUP Northern Caribou Strategy (Youds et al. 2002).  The following outlines the major activities and research conclusions especially since 2002.

Tree Fall

The rate of tree fall was initially measured for 5.3 years post-harvest in the partially cut treatments. There were no significant differences in rates between irregular group shelterwood, group selection and no-harvest treatments for live or dead trees.  For live trees, rates were particularly low at 0.04 - 0.18% per ha per year.  In contrast, rates were higher for dead trees at 1.4 - 2.3% per ha per year (as a percentage of dead standing).  The majority of the mortality resulted from the mountain pine beetle outbreak in the early 1980's.  In the second assessment period (2001-2007) the annual rate for dead and live combined was 1.7 to 3.8% per ha per year and was not significantly different in the harvesting treatments.  In conclusion, the harvesting systems designed to maintain northern caribou habitat do not aggravate tree fall (Waterhouse and Armleder 2004).

Microclimate

The Chilcotin Plateau has a harsh tree growing environment.  Over the 7-year sample period, severity and number of frosts was substantially reduced in the partial cuts compared to clearcuts; however, soil temperature was lower in partial cuts than the nearby clearcuts.  Mean growing-season soil temperatures were less than 10°C at all locations, with clearcuts being 1.5-1.9°C warmer than nearby partial cuts.  Snow-free dates were approximately 1 month later at the highest-elevation site (1620 m) in comparison to the lowest site (1290 m) resulting in  lowered soil temperatures and shortened growing seasons at the highest site.  Heavier snowpacks virtually eliminated soil freezing at the highest site.  The north edge (south aspect) was the most favourable microsite for seedling growth in the partial cuts, with the highest soil temperatures, earlier snow-free dates, and more solar irradiance.  Results are published in Sagar et al. (2005).

Planted Stock

Ten years after planting, lodgepole pine (Pinus contorta) showed excellent survival but were smaller in the partial cut openings compared to the clearcuts.  Pine grew less in the Sub-Boreal Pine–Spruce biogeoclimatic subzone (SBPSxc) than in the Montane Spruce subzone (MSxv), and trees were smaller in GS versus IGS treatments only within the MSxv subzone.  Interior spruce (Picea glauca x engelmannii) grew best in the MSxv and partial cut treatments, and were significantly impacted by summer frost in the clearcuts. In an operational-scale adaptive management trial, openings were enlarged to 0.15 ha, and both pine and spruce showed excellent survival, minimal frost damage, and 10-year size similar to clearcut conditions. These findings suggest that lodgepole pine and interior spruce can be successfully regenerated in partial cut openings with optimal growth in gaps of 0.15 ha.  Fifth year results are published in Daintith et al. (2005) while tenth year results are in submission for publication (Waterhouse et al. 2009). 

Natural Regeneration

Pine natural regeneration density and height growth was compared among the harvesting treatments and between biogeoclimatic subzones.  Density of post-logging ingress stems was higher on the SBPSxc blocks than on the higher elevation MSxv blocks.  On the SBPSxc blocks, regeneration density was similar to density on adjacent clearcuts in contrast to the MSxv were natural regeneration density was significantly less on the partially harvested blocks than on an adjacent clearcut.  These results indicate that small openings in the SBPSxc can be naturally regenerated by lodgepole pine without post-logging site preparation but higher elevation blocks in the MSxv will need to be planted to ensure full stocking by lodgepole pine within seven years.   However, a regeneration delay beyond seven years may have little effect on subsequent timber harvests because of the prescribed long period between harvest entries.  Results are published in Steen et al. (2007).

Breeding Birds

Breeding birds were surveyed one year pre-harvest (1995) and for four years post-harvest (1996-2001) to measure the impact of partial cutting in old, lodgepole pine forests on the Chilcotin Plateau of British Columbia.  The silvicultural systems recommended to manage northern caribou habitat did not negatively affect the breeding bird community and some species increased in abundance in some years (Waterhouse and Armleder 2007). 

Lichen

Terrestrial and arboreal lichens were measured pre-harvest (1995) and three times post-harvest (1998, 2000, and 2004).  In 1998, edible terrestrial lichen abundance in the partial cuts decreased by about 50% compared to the no-harvest treatment.  The least reduction was in the smallest opening size and least removal treatment (group selection).  After eight years, forage lichen in the group selection treatment recovered to pre-harvest amounts, while lichen in the shelterwood treatments steadily increased from 1998 but not to pre-harvest levels.  In contrast, lichens in clearcuts showed large declines after logging and little recovery.  While herb response was negligible in the partial cut treatments it was substantial in the clearcuts.  These results indicate that lichens seem to be able to recover from partial cutting decades sooner than from clearcutting and create less attractive forage for other ungulates that can attract wolves.  A scientific journal article has been submitted (Waterhouse et al. 2009).

Fungi

Pine mushrooms, shingled hedgehog, sheep polypore, black morels, and truffles have been sampled over several post treatment years.  Partial cutting positively benefits some species.

Long-term Site Productivity

The objective of this study is to evaluate impacts of woody debris loading levels on sustainability of site productivity.  Preliminary analysis continues to show that woody debris plays a positive role in establishment and growth of planted seedlings.  A journal article is being prepared. 

Mountain Pine Beetle

In 2004, the lowest elevation block in the trial had a current attack level of 20% but the other four blocks had lower amounts (3-16%). The pine beetle expanded through the area since then.  A detailed assessment of the tree mortality was made in the summer of 2008 and is currently being analysed.  The research trial is set up to measure the long-term impacts of habitat change caused by pine beetle on caribou habitat and biodiversity.  The excerpt below is copied from Armleder and Waterhouse (2008) and outlines the current status of the science on Mountain Pine Beetle and the Itcha-Ilgachuz caribou habitat:
“The Itcha-Ilgachuz herd of northern caribou is one of the largest in British Columbia.  Together with the contiguous Rainbow Mountains and Charlotte Alplands herds these caribou occupy about 1.5 million hectares of the west Chilcotin.  Much of this range is within forest that is commercially harvested.  The purpose of the Itcha-Ilgachuz Research Project is to develop and test silvicultural systems that maintain caribou habitat, including terrestrial and arboreal forage lichens, while extracting timber.  To develop a viable silvicultural system we are researching lichen response (Miège et al. 2001a, 2001b), planted (Waterhouse et al. 2001; Daintith et al. 2005) and natural regeneration (Steen et al. 2007), breeding birds (Waterhouse and Armleder 2007), microclimate (Sagar et al. 2005), long-term site productivity (Wei et al. 2000), treefall (Waterhouse and Armleder 2004), and growth and yield.

Results-to-date have highlighted the ecological uniqueness of the Itcha-Ilgachuz area of the west Chilcotin plateau.  The Montane Spruce (MSxv) and Sub-Boreal Pine Spruce (SBPSxc) biogeoclimatic subzones located here have no analogs in British Columbia.  The terrestrial lichen community, for example, is very rich (Miège et al. 2001a) and responds to timber harvesting in ways that are different than other parts of northern caribou range. Clearcutting dramatically reduces lichen abundance and quality (Miège et al. 2001b).  

What is the future of the Itcha-Ilgachuz herd in the face of the current Mountain Pine Beetle (MPB) outbreak as lodgepole pine is ubiquitous over the range of these caribou?  A major concern is the impact of dead trees to the lichen communities that make up the bulk of their winter diet.  Dead trees will become obstacles to accessing forage, fallen needles and boles will cover terrestrial lichens and remove arboreal lichens, and the microclimate (light, frost, temperature, moisture) will be modified.  Increased light could stimulate vascular plant productivity to compete with terrestrial lichens.  Other concerns include: the increased risk of catastrophic fire, the obstacles to movement (e.g. seasonal migrations and predator avoidance) that dead fallen trees may present in the future, the impact of massive areas of dead trees to the primary prey for wolves (i.e. moose, deer) and subsequent predation on caribou, and the impact of increased access as salvage logging of beetle killed trees proceeds.

Current and past research, as well as experience gained from a previous MPB outbreak in the mid 1980’s, has led to the development of a management strategy to make the habitat as resilient as possible as the current MPB impacts unfold.  The strategy includes several approaches over the 1.5 million hectare range including: 52% in the conventional harvest land base, 31% in parks or no harvest areas, 13% in modified harvest areas and 4% in a natural seral distribution zone (Youds et al. 2002).

The current MPB attack on the Chilcotin Plateau is causing much higher stand mortality than that experienced in the 1980’s and a vastly larger proportion of the landscape is impacted.  Irregular group shelterwood and group selection have been tested for over ten years and results indicate these are viable silvicultural systems (Daintith et al. 2005; Steen et al. 2007).  With the arrival of MPB they remain a key part of the management approach on over 181,000 ha.  These systems have the potential to maintain habitat because the stands, even with mostly dead trees, still provide partial shade for lichens (Fig. 3).  It is the sudden exposure of lichen thalli to strong sunlight that causes mortality.  If there is a slow rate of tree fall in this environment, there will be a gradual reduction in shade over at least a 15-20 year period.  This would give tree regeneration a chance to grow for one to two decades to provide future partial shade for lichens.  Mobility should not be an issue with 50% of the trees harvested.  Even if most of the remaining trees fall, the harvested openings will allow unobstructed travel through the stands.  Additionally, in the Montane Spruce (MSxv) subzone the standing dead trees should provide a source of arboreal lichen fragments for the regenerating openings.  Ongoing measurements will determine if these initial indications are correct.
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Figure 3.  With irregular group shelterwood (partial cutting that removes 50% of the stand area) the remaining trees, even if mostly dead, will continue to provide partial shade to lichens until regeneration can take over that role.
At the same time there are uncertainties.  In 2006 about 50% of the trees over 12.5 cm dbh were dead from beetle attack on the trial blocks (M. Waterhouse, unpubl. data).  This number is higher now.  It is possible that treefall will be accelerated from our previous experience in the area with this much higher level of mortality.  This would mean a shorter period of shading by standing trees; conversely the fallen trees would also partially shade lichen.  Uncertainty around the potential obstacle situation is focused on the areas not harvested.  The degree of concern will depend on the proportion and distribution on the landscape of stands with very high levels of mortality (e.g. >80%).  MPB surveys planned for 2008 will assess the situation now that the attack is largely complete.

Fire hazard is likely to be highest 15-20 years post attack when significant numbers of trees may have fallen and newly established young trees occupy the understorey (MacKenzie et al. 2007).  Preventing massive wildfires is of prime importance.  A plan to mitigate fire risk has been produced for Itcha-Ilgachuz Park but implementation is uncertain (MacKenzie et al. 2007).  In the areas of modified harvest, the partial cutting should reduce fire hazard by reducing fuel loading, providing fire breaks and breaking the continuity of the overstorey (Fig.4).
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Figure 4.  Aerial view of irregular group shelterwood and group selection removing 50 and 33% of the trees, respectively.  Even after MPB induced mortality these silvicultural systems should maintain significant terrestrial lichen, facilitate animal movement after tree fall and reduce fire hazard.
Replicated research starting in the mid 1990’s and about 1500 ha of adaptive management trials plus long term plots in unharvested forests will help our understanding grow.  This may lead to refinements of the approaches to manage caribou habitat in the future.”
Current research leads to the conclusion that the silvicultural systems and harvesting techniques recommended in the 2002 Northern Caribou Strategy (Youds et al. 2002) still represent the best approach for maintaining caribou habitat while providing the timber to the forestry industry as identified in the CCLUP.

Future Work

The original plan was to start reducing the frequency of remeasurement in the next five years; however, the mountain pine beetle (MPB) attack has necessitated a change.  It is vital to know how the habitat of these caribou will change in response to the massive tree mortality caused by MPB.  As a result remeasurement of the silvicultural systems trials will continue at approximately the current rate.  This will allow valuable data to be obtained that will inform future management decisions. 
Habitat Strategy
In March 2002 the NCS recommended the location of 90,853 ha of ‘no harvest’, 181,174 ha of ‘modified harvest’ and 50,252 ha of ‘natural disturbance seral distribution’ for protection of caribou habitat.  Later in 2002, this recommendation was endorsed by the Cariboo Region IAMC.  Wildlife Habitat Areas (WHA’s) encompassing all of the identified ‘no harvest’, ‘modified harvest’ and ‘natural disturbance seral distribution’ polygons were legally designated under the Forest and Range Practices Act (FRPA) in December 2004, with General Wildlife Measures (GWM’s) for these areas being established in July 2005 (Appendix 2).  The GWM’s for the ‘natural disturbance seral distribution’ WHA were amended in 2007.  This information can be found online at:
http://www.env.gov.bc.ca/cgi-bin/apps/faw/wharesult.cgi?search=wlap_region&wlap=Cariboo
Timber Harvest Strategy

Caribou require a continuous supply of large adjoining areas of suitable habitat with little access or disturbance so that they can maintain low densities (50-60 caribiou/1000km2) and thus decrease encounter rates with predators (Bergerud 1992, Seip and Chicowski 1996).  Prior to timber harvesting and human habitation, it is believed that caribou simply moved from one area to another as fires burned portions of caribou range.  With modern harvesting and increased access and development, management of caribou habitat can not be maintained with this natural type of disturbance regime.  Currently, the caribou area of approximately 1,500,000 hectares (Map 3) established from years of caribou radio-telemetry data and multivariate habitat modelling (Apps et al. 2001) is managed with a fourfold approach that includes No-harvest, Modified Harvest, Natural Disturbance Seral Distribution (NDSD) and Conventional Harvest zones.  Park and No-harvest areas provide a core area for caribou to subsist with minimal human disturbance.  The two supplementary modified harvest areas within caribou habitat, termed the Modified Harvest (MH) and Natural Disturbance Seral Distribution (NDSD) Zones, are managed to maintain caribou habitat continuously through time and space and are endowed with firm access restrictions.  This four-fold approach has been used since 2002 to maintain as much suitable caribou habitat as possible, and minimize the risk of caribou habitat fragmentation.  One recent study defined a 20 year time lag between extensive logging of caribou habitat and herd fragmentation that results from the loss of cow caribou with fidelity to a calving ground (Vors 2007).  
The habitat “leg” of the caribou stool has been the one most successfully implement since release of the NCS in 2002.  Table 3 allows a comparison of the amount of productive forest land base (pflb) designated for each harvest type within the caribou area as well as the percentage of caribou range assigned to each of the four harvest approaches (summarized initially in the 2002 NCS).

Table 3.  The proportion of productive forest land base and timber harvest strategies within the Northern Caribou area (mcp).

	Harvest Strategy


	Percent of mcp caribou range (total area)
	Total Area within caribou area (Ha)
	Percent of pflb within caribou mcp
	Hectares of pflb within caribou area (Ha)

	Conventional Harvest


	52%
	788,514
	64.9%


	586,790

	Modified Harvest


	13%
	197,457
	19.8%
	178,968

	Natural Disturbance Seral Distribution
	4%
	63,901
	5.5%
	49,901

	No Harvest and Park


	31%
	474,574
	9.8%
	88,704

	Totals
	100%
	1,524,419
	100%
	904,363


Conventional Harvest

Fifty two percent of the caribou area is subject to conventional timber harvest practices.  The four designated quadrants for timber havest that overlap with the Northern Caribou area (Quesnel East and West and Williams Lake East and West) contain a total of 904,824 hectares of productive forest land base.  Map 4 shows the four quadrants and their relation to management zones and timber harvested within the Northern Caribou area.  Although significant amounts of timber were harvested prior to 2002, less than 1.1% if the pflb has been harvested with conventional methods since the release of the Northern Caribou Strategy (Table 4).  This is most likely due to the abundance of beetle killed timber found closer to local mills.
Table 4.  History of timber harvest outside no-harvest and modified harvest zones, but within caribou habitat (Conventional Harvest area).  

	Quadrant
	Total area (in pflb)
	Timber harvested prior to 2002 (Ha)
	Timber harvested 2002-2008 (Ha)

	Quesnel East
	118,203
	7,145
	1,048

	Quesnel West
	105,027
	8
	707

	Williams Lake East
	210,747
	31,621
	3,839

	Williams Lake West
	360,847
	25,879
	4,263

	Total
	904,824
	64,653
	9,856


Modified Harvest

Modified harvest areas are managed to maintain caribou habitat continuously through time and space.  Forest licensees have been following the modified timber management approach which allows an even flow of timber access by the four groupings of landscape units (quadrants), spatially and temporally concentrating forest development and limiting early seral forage favored by moose.  The accepted harvest technique in this zone allows 13 per cent of the (modified-harvest zone) timber volume to be available every 20 years, utilizing large cutblock sizes of up to 1,000 ha.  Eighty per cent of the modified-harvest area (WHA 5-086) will be managed as terrestrial lichen sites while 20 per cent will be managed as arboreal sites within each landscape unit (Map 5).  On terrestrial lichen sites an irregular group-shelterwood system harvesting 50 per cent of each stand by area (including all skid trails and in-block roads), executed on a snowpack with a 70 year cutting cycle should maintain stands continuously as terrestrial-lichen habitat.  On arboreal lichen sites a group-selection silvicultural system with 33 per cent removal over a long cutting cycle (80 year) should retain sufficient arboreal lichen for caribou.  

A start date of January 1, 2002 was agreed upon for measuring even flow of timber.  Thus, from 2002-2022, 13% of the timber volume within the modified harvest area would be made available for harvesting (as with every 20-year period thereafter). This designated 13% timber volume was utilized to generate 20 year targets for each of the four quadrants overlapping the caribou area. Timber harvested prior to 2002 was most significant in Williams Lake East, while no harvesting occurred in Quesnel West.  Almost no harvest has occurred (less than 0.1%) within the Modified harvest zone since 2002 (Table 5).  This is largely due to the extent and location of other areas hit by the Mountain Pine Beetle, and the increased costs attributed to utilizing modified harvest techniques.  

Table 5.  Timber harvesting and harvest targets within the modified harvest WHAs by quadrant.

	Quadrant
	Target (ha)
	Harvest prior to Jan. 1, 2002
	2002-2008 timber harvest

	Quesnel East
	46,282
	3,043
	76

	Quesnel West
	41,536
	0
	0

	Williams Lake East
	59,474
	6,825
	166

	Williams Lake West
	33,883
	1,575
	0

	Total
	181,174
	11,443
	242


Natural Disturbance Seral Distribution

Although the Sub-boreal Pine Spruce (SBPS) BEC zone contains valuable winter caribou habitat, it’s susceptibility to Dwarf mistletoe means that partial cutting (modified harvest) techniques to maintain habitat are likely to fail.  For this reason the SBPS in the Anahim and Nimpo Lake areas are managed with a seral distribution that mimics natural disturbance levels.  SBPS seral distribution targets were derived in the 2002 Northern Caribou Strategy based on a 100 year stand destroying disturbance return interval
 (Table 6).  Three seral subunits were derived with boundaries based on landscape units in order to better disperse harvesting and provide flexibility to retrieve beetle attacked trees (Map 5).  The General Wildlife Measures legalized in 2007 provide targets across the entire Natural Disturbance Seral Distribution (NDSD) unit and targets are being met in accordance with these GWMs.   On the seral subunit level, the >100 and >120 year age categories fall slightly short (Table 6).  In the table below, 93.9% of the NDSD landscape falls within the SBPS zone with the remaining 6.1% in the MS BEC zone.  The older forest profile present in the Montane Spruce zone makes natural disturbance targets easier to reach.

Table 6.  Seral targets and distribution within Subuits 1,2 and 3 of the Natural Disturbance Seral Distribution zone.

	Seral Subunit

	Age (year)
	Targets
	1
	2
	3
	ALL (%)

	>80
	45.0%
	71.8%
	37.8%
	50.2%
	54.8%

	>100
	37.0%
	66.1%
	36.2%
	38.1%
	48.4%

	>120
	30.0%
	53.0%
	28.9%
	34.7%
	40.1%

	>140
	25.0%
	36.4%
	26.6%
	32.1%
	32.0%


Within the NDSD modified-harvest zone (WHA5-087), timber harvest should be planned to maintain a natural seral distribution across the landscape unit and sub-units while retaining large patches of mature and old forest (>250 ha) within large cutblocks of up to 1,000 ha.

Future Work

Although forest management approaches (and thus GWMs) have been adhered to by licensees to date, newly arisen issues surrounding timber availability, Mountain Pine Beetle salvage opportunities and economic instability have raised interest levels regarding opportunities within and surrounding the Modified Harvest Zone.  The Cariboo Strategy Committee believes that the GMWs for the specified caribou WHAs are still the best possible approach for management of caribou habitat at this time.  
Licensees have stated that due to the current economic downturn, companies can not afford to harvest timber within the Modified Harvest Zone.  It has been suggested that stands heavily it by MPB near the edges of the Modified Harvest zone (MHZ) could be traded for alternate stands on the borders of the Conventional Harvest Zone (CHZ) IF the net effect of the trade is caribou neutral.  Licensees are currently working on generating both interest (MHZ) and trade (CHZ) areas for the review of the Caribou Strategy Committee.  If such a trade occurred then the GARs would have to be legally altered to incorporate the changes into the WHA line work.

Appraisal Issue

In 2002 forest licensees voiced concerns that the appraisal system hindered implementation of harvesting recommendations found within the Northern Caribou Strategy.  The primary concern was that the appraisal system did not adequately recognize the increased costs required to utilize modified harvest techniques.  In general increased costs are associated with the increased complexity of block layouts and the longer skid distances required for the ’checkerboard’ approach within modified harvest areas.  Utilizing experienced buncher operators with or without GPS guided machinery may greatly reduce the time required, or eliminate the need for detailed block layouts and manual boundary flagging.  Furthermore, harvesting the ‘checkerboard’ pattern with openings kept to a width that a buncher may reach in one pass up, a series of openings, and one pass down would minimize buncher dead time.
Due to the MPB epidemic, salvage operations have dominated harvesting activities in both the Quesnel and Williams Lake TSAs, decreasing the attention to the appraisal issue.  At present, the current appraisal system has been modified to recognize salvage harvesting within parameters allowed by international trade regulations in the conventional harvest areas.  The increased availability of MPB attacked wood elsewhere and negative values associated with operating and manufacturing costs of modified techniques has resulted in little or no harvest within the modified harvest zone.  

Future Work
With these issues, and the 2009 lumber market at historic lows, the appraisal issue as outlined in the NCS has presently become silent.  As salvageable timber becomes less available close to city limits, interest in the modified harvest zone is increasing.  Forest Licensees are forwarding the idea that if stumpages are inherently negative, government needs to investigate methods to decrease overall operating costs in areas such as the Caribou Modified Harvest Zone.  These methods could potentially include adjusting silviculture regimes (using comparative timber cruising), reviewing partial cutting prescriptions, and adjusting the Caribou habitat zones to match the reality of the unprecedented volume of beetle killed timber and its possible impacts on caribou movement and habitat values.  

Access Management

The range of potential negative impacts on caribou from increased access routes and motor vehicle activity was outlined in detail in 2002 Northern Caribou Strategy
.  Previous studies have shown that:

· Caribou tend to utilize habitats close to roads and seismic lines less than expected (Dyer 1999, James and Stuart-Smith 2000, Oberg 2001).  

· Increased presence of roads and human related disturbance during the calving and post-calving seasons can decrease calf survival and may ultimately reduce herd size (Russel et al 2002, Wolfe et al 2000, Johnson and Boyce 2004, NRC 2003, USFWS 2001).

· Increased amounts of linear corridors (roads and seismic lines) and snowmobile use can provide greater predator access (wolf and human) to caribou habitat and thus higher encounter and predation rates (Stuart-Smith 2000, Kinley 2003)).

· As a result of snowmobile activity, caribou can abandon habitat, increase home range size or be under increased levels of stress (Seip et al 2006, Freeman 2008, Creel et al 2002, Mahoonew et al 2001, Dorrance 1975, Eckstein et al 1979, Simpson 1987).

· Snowmobile disturbance to caribou in winter months when ungulates are in poor physical condition can increase the amount of energy expended in avoidance behaviour and may ultimately threaten winter survival (Geist 1975, Tyler 1991, Simpson 1987, Powell 2004).

Access in and adjacent to caribou habitat is generally initiated as a requirement for forest harvesting.  The access recommendations outlined in the 2002 NCS with respect to forest development practices and for motor vehicles (including all terrain vehicles and snowmobiles) were designed to minimize caribou vulnerability to predation, disturbance to caribou and displacement of caribou while allowing forest development and recreational activities to occur.  Access within the caribou area is restricted in four different ways:

1. The use of (access restricting) general forest development practices

2. Legal access restrictions enforced by the Wildlife Act

3. Physical road closures (mainly gates)

4. Recreational Zoning within Parks (enforced by Park Plans)

General Forest Development Practices to Minimize Access
Access management concerns are partially mitigated by aggregating no-harvest and modified-harvest in large, continuous areas.  Currently there are very few useable roads into the no-harvest zone.  Although very little harvesting has occurred within the modified-harvest zone, the general access recommendations outlined in the Northern Caribou Strategy (p. 46) have been adhered to and are as follows:

· Forest harvesting has been aggregated in time and space (Map 4).  

· Block sizes within Natural Disturbance Type 3 of about 1000ha have been utilized where practicable for harvest and leave areas.

· Road ploughing has been minimized during winter months.

· The number of main haul roads has been minimized.  That is, no new main haul roads have been built within the modified-harvest zone.

· No new roads have been constructed within the no-harvest zone

· Gated access control points have been utilized and are essentially effective (Appendix 3 and Map 6)
· Little deactivation of secondary roads has occurred, since most main roads into the modified and no-harvest areas are controlled by gated access control points. (Strategy recommends -where there are no effective access control points, there should be deactivation of secondary roads.)

Motor Vehicle Access – Physical Closures and Wildlife Act Closures
A combination of physical access controls and legal regulatory measures have been utilized to minimize the impact of motor vehicle access to caribou habitat (Map 6).    Motor vehicle access restrictions are enforced under the wildlife act can be found within Ministry of Environment’s annual Hunting and Trapping Regulations Synopsis for the Cariboo Region.  Within MU 5-12 there are six main haul roads that are designated as “Motor Vehicles for Hunting Closed Areas” year round:

· Upper Dean River Main Haul Raod northerly from 66.5km

· Clusko-Thunder Mountain FSR (Chezacut) and side roads –northwesterly from the junction of this road and Clusko River
· Michelle-Baezaeko (3900) FSR and side roads – westerly from km 66

· P Raod and side roads – north from km 57

· BeefTrail Road

All six of the above Wildlife act road closures are additionally enforced by the presence of gates further restricting access.  In addition, the Corkscrew Road (Morrison Meadows) is physically blocked, effectively closing the area to the operation of all motor vehicles year round.  Management Units of 5-12 and 5-13 are closed entirely to ATVs and snowmobiles for hunting purposes from Sept. 1 to Dec. 5.  The only legal restriction within MU 5-6 limits the operation of snowmobiles and ATVs for the purposes of hunting from 4am to 10am.  
Significant effort has been expended to maintain physical barriers in the form of gates on main roads within the modified harvest zone where logging is no longer active (Map 6).  These physical barriers limit motorized access in the summer and fall and have the additional benefit of maintaining access options for fire control purposes.  The continuation of available emergency access has become more essential with elevated fire risks resulting from Mountain Pine Beetle attacked stands within and surrounding the modified harvest zone.  
Recreational Access Management within and Surrounding Parks
ATV Access
Wildlife regulations prevent the use of ATVs for hunting purposes from September 1st to December 5th in a large area surrounding Itcha-Ilgachuz Park, after which time snow conditions generally eliminate ATV use in this area.  The 2002 NCS recommended little or no ATV access in the park.  Prior to the relase of the new Itcha-Ilgachuz park management plan in 2003, ATV use was not permitted in the park; however the new Itcha-Ilgachuz management plan allows 30 ATV permits each year to access Itcha Lake in the month of August (MWLAP 2002).  Permits are generally not fully subscribed and since 2003 an average of 16 permits has been utilized each year.  There appears to be good compliance and ATV use is generally confined to the access trails outlined on the access Map (Map 6).  The current management plan for Tweedsmuir Park (which includes the Rainbow Mountains) does not permit ATV use within the park (MEP 1988).  The Trumpeter Mountain area in the Charlotte Alplands is a popular summer ATV area for locals and receives moderate use.
Snowmobile Access

The NCS recommended that recreational and commercial use of snowmobiles be carefully regulated or excluded from sensitive winter-range areas due to the potential for caribou disturbance and displacement (Seip 2006, Kinley 2003, Reimers et al. 2003, Simpson and Terry 2000).  In addition, packed trails allow wolves’ easier access to caribou habitat and can increase encounter and predation rates (James and Stuart-Smith 2000, Oberg 2001).
Rainbows
Caribou from the Rainbow herd may migrate to the Ilgachuz mountians, stay in the Rainbow Mountains (Tweedsuir Park) or migrate to the Anahim Lake area in the winter.  Caribou that winter in the Ilgachuz Mountains receive some protection from Snowmobile disturbance from zoning outlined in the 2002 Icha-Ilgachuz park managment plan which limits snowmobile use to approved routes and play areas (Map 6).  Within Tweedsmuir Park (Rainbow Mountains) there has been no new Management plan since release of the 2002 NCS.  The pre-existing (1988) plan was re-opened in 199?? to address snowmobile issues.  Snowmobile access within the park was limited to routes and play areas outlined on Map 6 at this time.  This zoning was put in place primarily to eliminate snowmobile use of windswept areas on the North side of the Rainbow Mountains where there has been extensive winter use by caribou in the past.  For this reason, there is a low risk of disturbance to caribou wintering in the Rainbow Mountains.  
Rainbow caribou that migrate to the Anahim Lake area are most likely to experince disturbance by snowmobiles.  In this area there are multiple road networks for timber harvesting, recreational access and residential use.  This higher concentration of movement corridors, coupled with a lack of snowmachine zoning increases motorized vehicular traffic as well as improving the wolve's ability to access and prey upon caribou by providing packed trails.  Little has been done to reduce snowmobile access in this Rainbow caribou wintering area, however closure of the local mill in 2008 scheduled to continue until 2009 should temporarily reduce the number of ploughed roads available for snowmobile travel.
Itcha-Ilgachuz herd

The lower elevation widespread nature of winter Itcha-Ilgachuz caribou habitat reduces the likelyhood that the current degree of snowmobile use on existing roads has a significant impact on caribou survival.  Limitations under the wildlife act restricting the use of snowmobiles and other motorized vehicles for hunting purposes in much of the modified harvest area coupled with high snowpacks in late winter greatly reduce the amount of snowmobile activity across much of the Itcha-Ilgachuz modified harvest caribou range.  

The new Itcha-Ilgachuz Park management plan continues to limit snowmobile use to the approved routes shown on Map 6.  There appears to be relatively little recreational use by snowmobilers, mostly consisting of local members of the Itcha Cabin Society.  Routes are monitored several times each winter by Parks staff in addition to being “self-enforced” by the Itcha Cabin Society and compliance appears to be high.  Operation of snowmobiles on the Corkscrew Road is prohibited year round, except for industrial forestry purposes.
Charlotte Alplands
Charlotte Alplands caribou generally winter either on the windswept alpine ridges in the Trumpeter Mountain area or utilize lower-elevation forests north and east of the Alplands.  The NCS recommended closure of snowmobile access to Trumpter Mountain where there is considerable snowmobile use.  To date there has been no zoning of snowmobile use within the Charlotte Alplands and vehicular traffic on roads within low and high elevations alike are not restricted for hunting purposes at any time of the year.
Future Work
The Cariboo Committee has recommended that existing physical road closures remain in place (to be upgraded and maintained as necessary) and additional further legal road closures be initiated for the P Road, Chezacut Road (aka CLusko-Thunder Mtn FSR) and Beeftrail Roads (see Appendix 3 for details).  These recommended closures under the wildlife act would restrict all motorized access, year-round.  Since gates limit vehicular access on the majority of the main roads, little has been done in the way of secondary road deactivation within caribou range.  

In 2009 a motion was put forward by Quesnel Ministry of Forests to extend the 3900 Road (Mitchel-Bazaeko FSR) across the northern portion of the modified harvest zone to join with the Dean River Road forming a transport loop through caribou habitat. This road would increase timber harvest accessability within and surrounding the modified harvest zone, increase tourism traffic and provide a sencondary fire evacuation route for rural communities.  Extension of this road and creation of a travel loop through sensitive habitat would be expected to have serious negative impacts for Northern Caribou.

Predator and Alternate Prey Management

Although wolf predation has been widely accepted as the primary cause of caribou mortality within the SMNEA, it is important to recognise that the increase in wolf predation on caribou is ultimately caused by increases in land clearing and logging brought about by people (Figure 5).  Consequently, predator and alternate prey management may be required as an interm measure whilst caribou habitats return to natural seral distributions and measures are taken to minimize access.
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Figure 5.  The mechanisms by which timber harvesting and land clearing lead to increased predation on Caribou.

Caribou are extremely vulnerable to predation compared to most other North American ungulates (Seip 1991) because of low densities and a lower reproductive rate, when compared to moose or mule deer.  Wolf predation can eliminate caribou from areas where wolves are sustained by other prey species, as there is no negative feedback on the number of wolves as caribou decline in numbers (Seip 1991, Bergerud 2006, Wittmer 2004).  Based on this knowledge and other research studies relating to caribou population declines resulting from predation, several recommendations and strategies are identified in the NCS to address the potential impact of predation on Northern Caribou herds situated in the western portion (Wildlife Management Units 5-06, 5-11, 5-12 and 5-13) of the Cariboo Region.   
Prior to March 2002, information collected from radio collared caribou indicated wolf predation was the major cause of collared caribou mortality in the Rainbow Mountains and Charlotte Alplands herds (Young et al. 2001, Young and Freeman 2001).  At that time, wolf predation was not considered a major factor for the Itcha-Ilgachuz caribou due to the stable and increasing size of the herd and the indiscriminate killing of wolves that contributed to a lower overall wolf density.  
Based on the link between caribou population stability and the level of wolf predation, especially in the Rainbow Mountain and Charlotte Alplands herds, the following predator and prey management measures were recommended in the 2002 Northern Caribou Strategy:

· Develop a moose management strategy that incorporates maximum sustained yield harvesting of moose populations in and adjacent to the caribou range in consultation with First Nations and Stakeholder groups.
· Develop a wolf management program to establish inventory and monitoring of the wolf population in the Itcha-Ilgachuz, Rainbow Mountains and Charlotte Alplands herd areas.

· Consider wolf sterilization and removal in areas where caribou numbers are declining, with the Rainbow Mountains as the priority area and Charlotte Alplands as second priority.

· Develop a comprehensive access management strategy to minimize permanent road development, restrict motor vehicle activities, and prevent enhancement of wolf travel corridors in caribou habitat.

· Implement forest management practises that limit the establishment or persistence of favourable moose habitat.

A recent modelling study showed a reduction in moose and/or wolf densities allowed Woodland Caribou populations to stabilize at higher levels, caribou recruitment to decrease after logging disturbance, and moose recruitment to increase (Lessard 2005).    Lessard suggests that wildlife managers increase the moose harvest by 10% each year until caribou numbers stabilize and subsequently set quotas to maintain this reduced moose density.  Wolf reductions concurrent with moose reductions may be beneficial to prevent wolf populations from “switching” to caribou as a prey source when moose become less abundant.  Bergerud (2007) suggests that wolf densities in excess of 6.5 wolves/1000km2 will cause caribou populations to decline.  Reducing the risk of wolf predation on caribou by decreasing the number of wolves and alternate prey and decreasing wolf encounter rates with caribou is likely the most effective approach to maintain caribou populations (Bergerud 2007).  
Uncertainty of Northern Caribou herd population status due to lack of reliable caribou inventory since 2003 has contributed to a lack of action regarding alternate prey and predator management.  Since 2002, prey management in and adjacent to caribou range has included moose inventory of MU 5-12 and 5-13C and regular hunter harvests under the Limited Entry system.    No additional alternate prey management has occurred within core caribou habitat.  No measures for wolf management have occurred and wolf density within the three Northern Caribou herd areas is unknown.  Budget constraints and poor public perception of both wolf management and increased moose harvests has and will likely continue to hamper implementation of the predation management leg of the caribou stool.

Predator Management

In 2002, the Northern Caribou Strategy acknowledged that caribou are extremely vulnerable to predation.  At the time, predation did not appear to be a significant issue for the Itcha-Ilgachuz herd; however declines occurring within the Rainbow and Charlotte Alplands herds were thought to be associated with increasing predator populations.  

The Rainbow herd was identified as a priority area to initiate a small scale (non-lethal) pilot wolf monitoring program, however due to budget constraints and delivery capacity, no significant progress has been made on the predator management component of the strategy.  The SMNEA Northern Caribou Recovery Strategy document (NCTAC 2004) suggested three alternative options to directly reduce local wolf populations without initiating a costly wolf collaring program: 

· increase hunting bag limits for wolves;

· extend the wolf trapping season and educating trappers; and, 

· extend the general open hunting season for wolves and black bears.
There has been an ongoing wolf hunting season with a bag limit of 3 wolves per hunter annually in MUs 5-06 (Charlotte Alplands), 5-12 (Itcha-Ilgachuz) and 5-13 (Itcha-Ilgachuz) (Map 2).  The average yearly harvest was 18 wolves over the 5 year period from 2002-2006 (Table 7).   Based on the area and extent of caribou range in each management unit, recreational hunting is not likely to be an effective tool to reduce the wolf density.  A similar situation exists in the Quesnel Highland Mountain Caribou Recovery area, where a no bag limit on the harvest of wolves was initiated in 2006 to assist the wolf managmenet program (MU 5-15). No wolves have been reported harvested in this management unit in the 2 years since the no bag limit took effect.  Trapper training combined with the utilization of bounty incentives for removed wolves were attempted in the Kamloops Region in 2006, but met with limited success.

Table 7.  Wolf harvest (estimated resident and reported non-resident) from 2002-2006 in Management Units 5-06, 5-12 and 5-13.

	Year
	2002
	2003
	2004
	2005
	2006
	Total

	MU 5-06
	7
	0
	0
	0
	0
	7

	MU 5-12
	0
	7
	20
	10
	1
	38

	MU 5-13
	0
	13
	0
	23
	9
	45

	Total
	7
	20
	20
	33
	10
	90


Anecdotal reports indicating wolf numbers have increased during the past few years cannot be substantiated as there is no current wolf inventory or density information available for the Northern Caribou area.  Aerial inventory of the wolf population within and surrounding the Itcha-Ilgachuz Mountains was attempted in 1999; however, the survey was deemed unsuccessful due to large expanses of heavily forested terrain, limited open waterways in which to track and inventory wolf packs, and poor survey conditions (Roorda and Dielman, 1999).  A wolf control program has been utilized as a tool for Mountain Caribou recovery in the Quesnel Highland Planning Unit since 2001 (Roorda and Wright 2008).  In this ongoing study, helicopter net-gunning has been the most efficient capture technique, but ground trapping with leg-hold traps has also been successful.  Surgical sterilization of dominant wolves can be an effective technique to reduce wolf recruitment while maintaining current stable pack territories (Roorda and Wright 2004, Roorda and Wright 2008, Spence et al. 1999).  
Although wolves are considered to pose the greatest predation threat to the three Northern Caribou herds, grizzly bears are also present.  Grizzly bears have been shown to reduce caribou calf recruitment and contribute to adult caribou mortality (Whittmer e.t al. 2005, Adams et al. 1995, Mahoney and Virgl 2003).  Grizzly bear population estimates and densities have been generated for the three Grizzly bear population units that overlap the range of the three caribou herds (Table 8) (Hamilton et al. 2004).  Incidental observations of grizzly bears during caribou post-calving surveys  suggests that more grizzly bears may occur in the Charlotte Alpland and Rainbow areas than in the Itcha-Ilgachuz survey area.  This is likely due to bear movement from the salmon-bearing Dean River and Atnarko River into the Charlotte Alplands and Rainbow areas.
Table 8. Grizzly bear population and density estimates for the Blackwater-West Chilcoting, Tweedsmuir and Klinaklini-Homathko Grizzly Bear Population units.

	Grizzly bear survey Unit
	Corresponding Caribou herd
	Grizzly Density 

	Blackwater West Chilcotin
	Itcha-Ilgachuz and Rainbows
	9/1000 km2

	Tweedsmuir
	Rainbow and Charlotte Alplands
	15/1000 km2

	Klinaklini-Homathko
	Charlotte Alplands
	8/1000 km2


Alternate Prey

Within the NCS area there are 5 prey species potentially contributing to increased wolf density.  Moose, mule deer, mountain goats, caribou and feral horses constitute the large prey species available to wolves.  Moose are the main prey species of wolves; however caribou may also be a significant prey species, especially in the Itcha-Ilgachuz where caribou are at highest density.  Based on the variety and numbers of prey species available to wolves and favourable habitat for prey species, an increase in wolf density is expected. 
There are currently general open and Limited Entry hunting seasons for moose, mule deer, caribou and mountain goat in the SMNEA.  All four prey species are also utilized by First Nations for sustenance purposes.  Other than recreational hunting, sustenance use and population inventories no specific alternate prey management has occurred since the release of the NCS in 2002.  In order to better understand the relationship between prey species and relative changes to wolf numbers, information regarding wolf density and number of packs, the predator-prey relationship between wolves and horses, and an accurate assessment of the caribou and wild horse population needs to be obtained.   High prey numbers (moose, caribou and horses) will make it logistically difficult to determine which species is contributing the most to increased wolf densities. 

Moose

The annual allowable harvest (AAH) for moose is adjusted following periodic reviews of local moose populations.  No additional Limited Entry authorizations have been distributed for the purpose of reducing the wolve’s primary prey within the caribou habitat since release of the NCS in 2002.  The AAH for bull moose within 5-12 and 5-13C combined has been 184 since 1999 and is typically utilized in it’s entirety (Table 9).  From 2002 to 2006 average annual harvests by residents and non-resident hunters combined were 16, 146 and 153 moose respectively in MUs 5-06, 5-12 and 5-13C.  

Table 9.  Bull moose non-resident harvest and limited entry resident harvest and from 2002-2006 in MU 5-06, 5-12 and 5-13C.

	Management Unit
	Year
	Annual Allowable Harvest
	Authorizations Available
	Resident

Harvest
	Non-resident

Harvest

	5-06
	2002
	14
	40
	15
	7

	
	2003
	14
	40
	11
	2

	
	2004
	13
	46
	11
	5

	
	2005
	13
	47
	8
	4

	
	2006
	13
	51
	13
	2

	Average per year
	
	
	
	12
	4

	5-12
	2002
	90
	329
	71
	66

	
	2003
	90
	341
	93
	65

	
	2004
	90
	354
	62
	75

	
	2005
	90
	384
	88
	68

	
	2006
	90
	373
	70
	69

	Average per year
	
	
	
	77
	69

	5-13C
	2002
	94
	309
	141
	38

	
	2003
	94
	246
	139
	44

	
	2004
	94
	224
	114
	40

	
	2005
	94
	194
	68
	45

	
	2006
	94
	268
	104
	35

	Average per year
	
	
	
	113
	40


Moose Management Zone 5-12 lies entirely within the herd range of the Itcha-Ilgachuz Northern Caribou.  The most recent inventory of moose in MU 5-12 occurred in 2002 and both bull and calf ratios were found to be higher than the provincial minimum recommendations (Table 10).  These ratios suggest a stable to increasing moose population within the management unit (Stalberg 2002).  The 2002 population estimate of 1550 animals was arrived at from surveying a representative portion of the management unit (due to its large size).  When compared to survey results obtained within the management unit in 1997 it was found that the population was growing with a finite rate of increase of 16.3% per year (Stalberg et al 1997a, Stalberg et al 1997b, Stalberg 2002).

Moose management unit 5-13C borders management unit 5-12 and contains some Northern Caribou (Itcha-Ilgachuz) habitat.  A stratified random block moose survey was conducted in February 2008 and the population was estimated at 2,270 animals with a healthy bull ratio and a calf ratio slightly lower than the provincial target (Lirette 2008).   Changes in population estimates from 1997 to 2008 were tested statistically and the population was found to be stable.  Of the three Management Units that overlap caribou habitat, 5-13C sustains the highest moose harvest.  No moose surveys have been conducted in 5-06 since 2002.

Table 10.  Moose inventory results for MU 5-12 (2002) and 5-13C (2008).

	Zone
	Population Estimate
	Bulls/100 Cows
	Calves/100 Cows
	Density (moose/km2)

	5-12
	1550
	44
	48
	0.58

	5-13C
	2270
	35
	30
	0.49

	Provincial Targets
	
	30
	40
	


Mule Deer
Mule deer are likely preyed upon by wolves to a lesser degree than moose within the caribou area.  High snowpacks and availability of forage during the winter months limit local mule deer populations.  Although aerial surveys are not conducted, mule deer population estimates have been established and are based on estimated amounts of available winter habitat (Table 11).  Resident and non-resident mule deer harvest in 5-06 and 5-12 has remained low since 2002 (Table 12).  First Nations harvest of Mule deer is unknown.  
Table 11.  Mule Deer population estimates in Management Units 5-06, 5-12 and 5-13.

	Management Unit
	Mule deer population estimate

	5-06
	150

	5-12
	250

	5-13
	2200


Table 12. Mule deer Resident and Non-Resident harvest from 2002-2006 for Management Units 5-06, 5-12 and 5-13.

	Year
	MU 5-06
	MU 5-12
	MU 5-13

	2002
	16
	120
	456

	2003
	9
	85
	576

	2004
	15
	56
	432

	2005
	9
	56
	444

	2006
	5
	53
	447


Goats

Mountain goats most often utilize steep, rocky terrain that makes them less accessible to wolves, however incidental observations indicate wolves sometimes prey upon goats.   Resident populations of mountain goat occur in MU 5-12 and 5-11, however there are no hunting seasons in these units.  Aerial goat inventory has been conducted for the Charlotte Alplands, Ilgachuz and Central Tweedmuir goat population units (Table 13).  Goat density for the Ilgachuz population unit includes both the Itcha and Ilgachuz ranges while density for the Central Tweedsmuir
 unit represents the Rainbow Range only.  Densities generated are based on goats observed and the amount of available goat habitat as opposed to total area surveyed.  Goat numbers in the Itcha and Ilgachuz ranges have increased steadily from less than 50 animals in 2001 to the high of 175 animals observed in 2007.  

Table 13.  Mountain Goat survey results and relative density estimates for the Charlotte Alplands, Ilgachuz and Central Tweedsmuir Goat population units.
	Year
	Goat Population Unit (and MU)
	Total goats observed
	Relative Density (per km2)

	1998
	Charlotte Alplands (5-06)
	88
	0.14

	2001
	Ilgachuz (5-12)
	47
	0.18

	2002
	Ilgachuz (5-12)
	85
	0.32

	2003
	Ilgachuz (5-12)
	98
	0.37

	2007
	Ilgachuz (5-12)
	175
	0.66

	2001
	Central Tweedsmuir (5-11)
	71
	0.53

	2008
	Central Tweedsmuir (5-11)
	72
	0.53


Wild/Feral Horses
An increase in the feral horse population is adding a new dynamic to the predator-prey system by potentially providing an alternate food source for wolves.  Discussion with local professional wolf trappers suggests wolves will not normally pursue and kill horses.  Based on wolf trapping experience in the Quesnel Highland Mountain Caribou Recovery project, it was found that horse carcasses are a highly favoured food source for wolves.  Further investigation is required on the predation of horses by wolves.  The predatory-prey system has become more complex as a result of the increasing horse population within the Northern Caribou area and it is important that they be included as part of the overall alternate prey strategy.  Focusing soley on moose may only solve part of the problem.
Future Work

Careful consideration must be given before initiating any predator and alternate prey reduction program to benefit Northern Caribou, especially in a system where there is an abundance of animals.  The costs associated predator and alternate prey inventories are very high.  Acquisition of secure long term funding is essential to the success of a predator radio-collaring and monitoring program.  For example, in the Quesnel Highland it took approximately three years to obtain an accurate estimate of wolf numbers and continuous management of the estimated 13 packs in this area for 5-10 years is likely necessary to meet Mountain Caribou recovery objectives. 
The reported moose population increase of 16% pery year between the 1997 and 2002 surveys in MU 5-12 increases the likelyhood that this higher alternate prey base has led to more wolves and thus higher levels of predation on caribou.  In order to establish a moose target that may involve increasing the current harvest within Northern Caribou habitat, a stratified random block survey needs to be completed in MU 5-12.  Parallel surveys to ascertain the status of wolf and caribou populations should be conducted so that the resulting management practice recommendations are based on good science and are readily defensable.  Once determined, the moose population estimate will be used to develop a moose management strategy that incorporates maximum sustained yield harvesting of moose populations in and adjacent to caribou range.  Concurrent to establishment of this moose management strategy, results of the wolf inventory will determine if initiation of a predator management program is warranted within portions of the caribou area.  Continued efforts should be made to encourage forest management practises that limit the establishment of favourable moose habitat following timber harvest in the modified and conventional harvest zones.

If wolf densities are found to be higher than Bergerud’s (2007) threshold of 6.5 wolves/1000 km2, further predator management options will need to be considered.  Historical predation data, local reports of increasing wolf numbers and the reduced number of caribou observed in the Rainbow Mountains indicate that lethal wolf management may be required to halt the decline of this herd.  Costs associated with a pilot Rainbow wolf project involving the capture, radio-collaring (GPS and VHF) and monitoring of approximately six wolf packs are outlined further in the Part V of this report.  Results from wolf inventories and collared wolf monitoring may indicate wolf sterilization and/or removal is necessary.

Until predator issues are confirmed and a predator managment program is underway, it will likely be extremely difficult to obtain First Nations support for an increased moose harvest.  A significant amount of background information is available through the Quesnel Highland Mountain Caribou Recovery Project regarding requirements for initiating a successful predator management program.  Such programs are expensive and intensive monitoring of the wolves is required to obtain information and determine what strategy will best suit the area in terms of wolf reduction.   

Range Management

As stated in the 2002 NCS, there is anecdotal evidence from other jurisdictions that fencing can be a hazard to caribou by blocking the movement of animals (O’Donaghue, 1996).  Historically some First Nations people employed the use of fences (both log and rock) to direct caribou into locations where they could be killed for sustenance.   The following recommendations were made in the NCS:
· Drift fencing should avoid areas of no-harvest and modified harvest for northern caribou.

· In the upper Dean River valley, drift fences should not be built perpendicular (i.e. north-south) to caribou migration routes (see Map 7).

· Where drift fences are required in the range of caribou in the upper Dean valley, the fencing should be designed to be wildlife safe.

Since release of the 2002 NCS, extensive sections of previously built fences have either deteriorated and/or will need to be rebuilt due to current and expected windthrow effects of MPB.

Future Work

Observing the reality that existing fence infrastructure could be rebuilt due to MPB impacts of windthrow and in consideration of the age of existing fences, the following additional recommendations need to be passed onto government Agriculture and Range departments:
· Rebuilt fences should take into account caribou movement patterns through the strategic placement of gates or barways at existing trails or known travel routes.   These openings should be at regular intervals along the fenceline, in some cases 500m to 750m apart.

· Barways and gates can be closed prior to cattle turnout in the spring, but must be opened as the cattle are gathered at the end of the grazing season. 

· Range readiness criteria, stubble heights, and grazing patterns outlined in Tenure Holders Range Use Plans should be determined in conjunction with the season and duration of caribou use and migration.  This should mitigate overlap of use and predator impacts.

· Temporary intra-pasture fences may be used in areas during times of caribou absence but must be clearly marked through the use of ribbons or flags in order to make animals aware of their presence.  These fences must be removed prior to the season of caribou use.

Conservation Risk Assessment

One of the recommendations of the regional NCS was to have a detailed conservation risk assessment completed that identified critical risks and assessed how well the NCS reduced those risks.  Although this task has not been specifically completed for the herds in the Cariboo Region, work undertaken by the Northern Caribou Technical Advisory Committee (NCTAC) to identify recovery strategies has improved our understanding of the relative magnitude of stressors to caribou and the long term viability of Northern Caribou herds across BC.  Completion of a specific conservation risk assessment is no longer considered to be a high priority activity because the detailed monitoring and analysis work that is already underway should be more valuable for assessing risk.
Part IV. Impacts of Mountain Pine Beetle on Caribou Habitat 

The mountain pine beetle (Dendroctonus ponderosae), is widely considered to be the most damaging of all the insects that attack lodgepole pine in western Canada.  It is a small cylindrical-shaped bark beetle that kills mature trees by boring through the bark into the phloem layer where they feed and lay their eggs.  In the early stages of infestation, the beetles target stressed trees however as the beetle populations increase healthy trees are attacked.  The three stages of color change advancement within attacked stands include green attack (in the first year), red-attack (the next 1-3 years, retaining dead needles) and grey-attack (subsequently standing dead without needles).  Only the green attack trees contain live beetles.  The adult beetles emerge and attack new host trees in July and August after the trees begin die and turn red. 

Although a portion of the Northern Caribou in west-central BC winter in high elevation sub-alpine habitat, the majority spend the winter months in mature low elevation stands where they feed on both terrestrial and arboreal lichens.  Caribou that select mature stands of lodgepole pine (Pinus contorta) forage primarily by cratering in the snow for terrestrial lichens (Cichowski 1993).  Since 1981 the Ministry of Forests and Range has conducted aerial flights over the Cariboo Region to track which areas and to what degree the MPB has advanced each year. 

Within the Northern Caribou Strategy Area, including the parks, the bark beetle attained its zenith both in intensity and area infested in 2006 (Table 14).   Table 14 reveals a gradual decrease in infested area in the last two years.  In addition the table shows a substantial reduction in infestation intensity, from 70% of the infested area with moderate or greater attack (> 10% attack) in 2006 to only 18% in that category in 2008.  Populations are predicted to continue to fall as mountain pine beetle contracts due to host shortage.  Map 8 illustrates the current infestation levels from the 2008 aerial pest survey mapping.

Table 14: Infested Area (ha) and Intensity of Mountain Pine Beetle attack in the Northern Caribou Strategy Area from 2002 to 2008.  [trace = <1%, low = 1% - <10%, moderate = 10% - <30%, severe = 30% - <50%, very severe = > 50%]

	Year
	Trace
	Light
	Mod
	Severe
	Very severe
	Total

	2002
	0.00
	104,166.97
	15,153.94
	3,707.80
	273.13
	123,301.85

	2003
	0.00
	836,815.83
	105,328.43
	29,134.16
	0.00
	971,278.42

	2004
	174,950.11
	587,956.48
	291,302.09
	37,601.80
	0.00
	1,091,810.48

	2005
	235,705.63
	683,221.31
	620,803.46
	223,257.70
	4,888.62
	1,767,876.72

	2006
	62,788.04
	468,329.06
	871,413.72
	361,855.14
	31,890.10
	1,796,276.08

	2007

	9,570.95
	274,311.06
	716,551.00
	326,266.66
	17,919.29
	1,344,618.96

	2008
	117,160.58
	1,048,109.90
	224,071.52
	34,557.56
	0.00
	1,423,899.56


Severe and widespread attacks of Mountain Pine Beetle (Dendroctonus ponderosae) that result in high mortality of mature pine trees may decrease habitat suitability and availability by:

· increasing the risk of widespread fires

· potentially reducing lichen availability for caribou and

· potentially creating barriers to caribou movement.
Fire Management

Mountain pine beetle (MPB) has been killing lodgepole pine trees within Northern Caribou habitat in increasing numbers since the late 1990’s.  Although the potential impacts of MPB on lichen availability and barriers to caribou movement are currently still under investigation, it is clear that the extent of the MPB epidemic has and will continue to greatly increase the risk of severe and widespread fires.  A healthy pine stand with 35-45% crown closure may be considered a low fire hazard.  As the phases of beetle attack proceed, fire risk increases in the red attack stage (when it is most at risk for crown fires) and then decreases during the grey phase, until it peaks again approximately 15-25 years after the initial attack.  At this time most of the dead trees have fallen (high surface fuel loading), increased light has encouraged sapling growth (fuel continuity between the ground surface and overstory tree canopies) and the overstory canopy is composed of surviving trees and standing snags.  

Many site characteristics such as soil moisture (Lewis et al. 2006, Lewis and Hartley 2005, Hawkes et al. 2004), canopy closure (Mitchell and Preisler 1998) and tree diameter (Bull 1983) appear to influence fall rates of MPB killed trees.  Observations in the Itcha-Ilgachuz suggest that fall rates are consistent with previous studies that describe similar site characteristics and weather regimes (Hawkes et al. 2004, Lewis and Hartley 2005, Cichowski et al. 2008).  Within the Chilcotin today, lodgepole pine attacked by MPB in the early 1980’s have mostly fallen, about 25 years after death.  

In response to the heightened fire risk, the Ministry of Environment funded the preparation of a Fire Management Plan for Itcha-Ilgachuz Park and the surrounding WHAs in 2007 (MacKenzie et al. 2007).  The purpose of that plan was to recommend an approach  to manage future high fuel loads within core caribou range in and around Itcha-Ilgachuz Park.  The approach outlined within the plan recommended the creation of fuel breaks at key locations and the zoning of areas where fuel management could occur.  Fuel management would involve the use of fire to reduce coarse woody debris loads to a level where caribou movement is not impeded and wildfire risk is reduced (MacKenzie et al 2007, p 56).

The three year proposal involved:

· The development of prescribed burn and monitoring plans with modeled fire effects (Year 1)

· An initial test burn
 and consequent refinement of prescriptions and plan development (Year 2)

· A second test burn and evaluation (Year 3)

Preparation of the 2007 Fire Management Plan was the first step to exploring fire management as a tool in the Itcha-Ilgachuz caribou habitat; however, using prescribed burning is extremely costly.  Current funding opportunities are prioritized to target the protection of communities that are at increased fire risk by the MPB.   Within Northern Caribou habitat, many of the MPB attacked trees have already reached the grey stage, reducing the immediate risk of fire for a period of time until more of the trees begin to fall (10+ years).  Recent preliminary research and anecdotal observations suggest that when funded, planned and carried out with caution, the success of the management techniques outlined above would likely be high (Lavioe and Taylor 2008, Hawkes 2008); however, these studies did not address the positive and negative impacts of fire on caribou habitat.  For example, ground fire of any severity will kill lichen resulting in degraded habitat for at least several decades.   

If no MPB fire management occurs surrounding Icha-Ilgachuz Park prior to the peak fire risk period (approximately 15-20 years after initial attack), then there may be a reduction in caribou habitat quality and abundance.  However, there are numerous unknowns.  Any prescribed burning will have to have road access to be cost effective and safely conducted.  Roads have major impacts on caribou especially through access issues.  It is probably best not to do fire management if additional roadbuilding it involved.  Therefore, this tool, if used at all, is best confined to areas currently roaded. 

In conclusion, it is not at all clear that any fire management approach involving prescribed burning is a net benefit to caribou in the Itcha-Ilgachuz range.  The following are some major concerns:

1) Fire destroys lichens and remains an impact for decades.

2) Most, if not all, prescribed burring will require road access that has negative impacts to caribou.

3) Fire must be hot enough to consume suspended large woody debris.

4) Even a large, well-funded program will not eliminate all wildfires that may occur in addition to the prescribed burning.

The alternative is to accept extra fire risk during the future time interval when dead trees fall to the ground (~15-25 years after death).  Of course, fire management can involve many other aspects including how aggressively to action wildfires and with what methods.  These approaches deserve further attention.  

Lichen Monitoring and Vegetation Dynamics

In 2005 work began in the Modified Harvest zone of the Quesnel TSA to investigate the impacts of Mountain Pine Beetle on terrestrial lichen survival and abundance within low elevation caribou winter range.  Permanent sample plots were established in 2005, with more added in 2006 to measure lichen values consistently over time.   Terrestrial lichens grow slowly, making potential increases in their abundance difficult to measure in the short term, however, competing vegetation may respond quickly, resulting in a rapid decline in lichen abundance.  Although it was too soon to make lichen management recommendations following measurements in 2006, changes were already starting to occur on some sites and lichen values were assessed again in the summer of 2008 (Cichowski 2007).   ** Debbie’s March 09 report results here**
A caribou habitat use project was initiated in 2005/2006 in a different biogeoclimatic zone/subzone in the Entiako/Tweedsmuir area and preliminary results indicate that caribou continue to select and feed within lichen abundant pine habitats despite the grey attack phase of the MPB epidemic (Cichowski 2008).  To date, caribou winter habitat use patterns in this study area have been similar to winter habitat use patterns prior to MPB attack.

Mountain Pine Beetle (MPB) Aerial Photography Analysis

The purpose of the aerial photography analysis was to examine the extent and severity of the MPB attack within the Northern Caribou Wildlife Habitat Areas (WHAs).  Given the knowledge about MPB impacts, the hypothesis is that approximately 15-20 years following attack, old, tall, lodgepole pine stands with high canopy closures and high levels of MPB mortality may:

· Act as a barrier to caribou movement and reduce their access to lichen bearing habitat, and

· Be extremely high fire risk areas

In the summer of 2008 an aerial photography contract was awarded to obtain cloudless high quality digital orthrectify mosaic photography of approximately 1,050 linear kilometres of flight line within the Northern Caribou WHAs (Map 9).  Three to four swaths of flight lines were mosaiced together resulting in 294 km2 of area photoed (or approximately 6% of the Northern Caribou WHAs.  Two computer based analysis were then conducted on the digital imagery, the Linear Transect Analyis and the Raster Classification.  Detailed methodologies for these two analyses can be found in Appendix 4.

Linear Transect Analysis

The linerar transect analysis was created from VRI polygons in order to determine which segments of the flight lines were at highest risk for severe MPB attack.  The Cariboo Strategy Committee (CSC) met and concluded that stands at highest risk for severe MPB attack would be classified as > 80% lodgepole pine leading stands with the following criteria:

· >45% crown closure

· >12 meters height

· >100 years of age

Raster Classification

The Raster analysis can be defined as a maximum likelihood supervised classification.  Based on a series of training sites, each 10cm raster pixel was classified as:

· Dead - red or grey attack trees
· Live/Green - green trees, meadows, etc.
· Rock/Ground - roads, gravely areas, bare earth
· Water - rivers, lakes, etc.

In order to best classify tree crowns and cut down on “noice” introduced by the fine 10cm pixels, each raster was resampled and grouped to 1m pixels (using the majority method) in order to detect the percent dead (grey/red) for each stand within the transect lines. 
Based on visual review of the raster classified digital photos, the CSC generated four categories to define the “potential risk” or potential barrier to caribou movement for each stand within the transects.  These four categories are as follows:

Very high 
=>35% dead

High

=>30-35% dead

Medium
=>25-30% dead

Low

>25% dead

Part V.  Strategy Summary and Further Reccomendations 
Currently the number one concern of the Cariboo Strategy Committee lies with uncertainty of caribou numbers in the Itcha-Ilgachuz, Rainbow and Charlotte Alplands Northern Caribou herds.  Until the status of these herds is ascertained, the necessary intensity of further conservation measures will be in doubt.  It is for this reason that the foremost requirement of the Cariboo Committee is the completion of post calving surveys for all three herds.  
The Itcha-Ilgachuz herd is believed to be one of the largest and most viable in the province.  In the past has been considered a candidate to supply transplant stock to augment other Woodland Caribou sub-populations in danger of extirpation.   Until the stability and size of the Itcha-Ilgachuz herd is ascertained, and First Nations are in support, no caribou will been transplanted out of the Itcha-Ilgachuz herd.  
The three key issues that pose further threats to Northern Cariboo Herds involve:
· Potential impacts of the Mountain Pine Beetle epidemic on caribou – lichen abundance, barrier to movement and increased risk of widespread fire

· Increased wolf predation due to elevated populations of alternate prey that are supported by an abundance of early seral forage

· Potential displacement of caribou caused by humans and motorized vehicles

A summary of costs associated with a proposed five year Northern Caribou plan can be founding Appendix 5 and includes the following measures:

· Post-calving caribou inventory surveys for all three herds every three years (in 2009 and 2012) - Itcha-Ilgachuz the foremost priority, followed by the Rainbows and Charlotte Alplands herds

· Continued silviculture research - relating both to success of modified harvest techniques and potential impacts of MPB (including lichen survival, caribou movement barriers and increased fire hazards)
· Inventories of wolf (one survey) and moose (order of priority: MU 5-12, 5-13C and 5-06) 

· Caribou habitat use study  - involving GPS and VHF radio-collaring and monitoring

· Access (gate) management  - replacement, maintenance costs and adaptive management (Appendix 3)
· Increasing access control measures by initiating year round motor vehicle closures (Appendix 3 for details)

· Pilot wolf collaring and monitoring progam within the habitat range of the Rainbow caribou herd (if warranted by inventories)
· New moose LEH allocation within the Northern Caribou area (if warranted by inventories)
· Further investigation into the status of the Feral horse population

· Reccomendations from the conclusion of the MPB analysis will be added.
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Appendix 1.  Summary table of progress on implementation of CCLUP Northern Caribou Strategy.
	 
	Strategy Recommendation
	Progress to Date
	Work Underway OR Gaps/Problems
	Next Steps
	Implementation Progress Rating

	1
	 Habitat Strategy - location of 'no harvest', 'modified harvest' (‘NSDS’ is defined as a second type of modified harvest)
	 No harvest' and 'modified harvest' areas legally designated as Wildlife Habitat Areas (2004) with legal General Wildlife Measures (2005) 
	 OGMAs can be moved if MPB impacts deem it necessary in some areas
	 
	Completed

	2
	 Timber harvest strategy recommended for 'modified harvest' areas 
	Recommended timber management approaches for modified harvest (terrestrial and arboreal lichen sites) and natural disturbance seral distribution were incorporated into the legal GWMs for the WHA's 
	Long term lichen monitoring continues to assess survival following harvesting and/or MPB attack
Effects of high volume MPB downed trees as a barrier is under investigation.
	 Continue silvicultural systems research and lichen monitoring
	Completed

	3
	 Resolution of the appraisal allowance issue 
	Methods to mimimize cost of modified methods suggested by inadequate due to poor lumber market. 
	 
	 
	Deficiency

	4a
	An access-management strategy that addresses:

a) general access recommendations for forest development practices, and motorized vehicles and
	Several gates to block access for vehicles, lack of ploughing to limit SM use in winter, access routes vehicle restricted for hunting purposes
	Gatework and road closures under review. 
	 Additional road deactivation? Close main roads to all motorized vehicles year round under wildlife act?
	Partially addressed , some deficiency

	4b
	b) ATV and snowmobile access in the Northern Caribou range
	II and Tweedsmuir Park Plans take measures to limit and minimize disturbance to caribou by ATVs and Snowmachines.  
	Dean corridor disturbance/access for wolves may be an issue for Rainbow caribou in the winter.
	
	Partially addressed , some deficiency

	
	Strategy Recommendation
	Progress to Date
	Work Underway OR Gaps/Problems
	Next Steps
	Implementation Progress Rating

	5
	A predator management strategy should address development of a moose management strategy and a wolf management program in the northern caribou range
	Moose harvest management has continued, though Moose LEH permits have not been increased since 1999.  No direct wolf management has been conducted, other than wolves hunted or caught on traplines - an average of 16 wolves killed/year by hunters.
	No funding/staff - Regional funding/staff utilized for predator management within Mountain Caribou habitat (Quesnel Highland)
	Develop an alternative prey management strategy.  More aggressive methods may be necessary to stabilize or reduce the overlapping moose population. Pilot wolf project for Rainbow caribou?
	Deficiency

	6
	 Ongoing monitoring of caribou, moose and wolf populations is recommended 
	Caribou population monitoring has been minimal since 2002.  All three sub-populations in 2003, II in 2007 and Rainbows in 2007 and 2008.  Monitoring of moose in 2002 for MU 5-12 and 2008 for 5-13C.  Wolf population monitoring was not been done since NCS was released.
	Obtaining funds to do the work, and unfavourable weather conditions, have been problems. 
	Continued caribou monitoring (all 3 herds) every 3 years

5-12 moose inventory necessary to assess the degree and need for moose and wolf management. 
Wolf inventory needed
	Significant deficiency

	7
	A detailed conservation risk assessment should be completed that identifies critical risks and assesses how well the NCS reduces these risks 
	Some assessment work has been done by the Northern Caribou Advisory Committee 
	Completion of this assessment is no longer considered a high priority
	 Continue with more detailed monitoring work and assessment of MPB impacts
	 Minor Deficiency but not considered siginificant

	8
	The NCS should be reviewed in detail every 5 years in order to determine if refinements are necessary 
	 Review to be done by March 2009? 
	 Postponed due to MPB research and need for current caribou numbers.
	 
	 Completed 


Appendix 2.  Approval for Wildlife Habitat Areas and General Wildlife Measures for Northern Caribou
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Appendix 3. Cariboo Strategy Committee additional access reccomendations for 2009.

[image: image13.emf]P ROAD: 

Keep the heavy duty Tolko gate on the Satah Road, 

implement a year-round legislated motor vehicle closure under 

FRPA or the Wildlife Act

Risks to Implementation or Compliance:

• Managing the gate uses extraordinary 

resources (keys being changed, vandalism).

• Changing locks complicates access for 

tenure holders and users that require access.

• Limited capacity for enforcement agencies to 

conduct patrols (risk management).

• P road gates have been doubled-up and are 

not logistically viable or efficient

Benefits:

• Has the ability to keep road accessible to 

tenure holders with proper management 

(research enforcement, fire management, 

Standard Lease holder).

• Low cost.

• Consistent with recovery plan and park 

management plan.

• Is relatively effective in keeping motor 

vehicle traffic to a minimum, especially 

recreational motor vehicles.
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[image: image15.emf]CHEZACUT ROAD: 

Implement a permanent physical closure at or 

near Clusko River, supported by year-round legislated motor vehicle 

closure under FRPA or the Wildlife Act 

Risks to Implementation or Compliance:

• Restricts vehicle access for research 

trials, tenure holders, licensees, fire and 

park management throughout entire 

area.

• BCTS will require access for planned 

harvesting in approximately 7 years.

Benefits:

• Provides habitat effectiveness over large 

area.

• ATV access still feasible for research 

trials, tenure holders and management.

• Low cost & low maintenance.

• Protects caribou summer range by 

keeping vehicle access to the park more 

than 20 km. 

• Removes the requirement for gate and 

gate management

• Consistent with recovery plan.

• Planned road deactivation beyond No 

Harvest Area will not impact other users.

• Pyramid blocks can be installed in a 

location that will block access.



[image: image16.emf]CHEZACUT ROAD: 

Keep existing gate, physically block Clusko 

River ford, implement year-round legislated motor vehicle closure 

under FRPA or the Wildlife Act

Risks to Implementation or Compliance:

• Managing the gate uses extraordinary 

resources (keys being changed, vandalism).

• Changing locks complicates access for 

tenure holders and users that require access.

• Limited capacity for enforcement agencies to 

conduct patrols (risk management).

• Perpetuates the concern that guide outfitter 

has access that resident hunter don’t have.

Benefits:

• Provides habitat effectiveness over large 

area.

• Has the ability to keep road accessible to 

tenure holders with proper management 

(research, enforcement, fire 

management).

• Low cost.

• Consistent with recovery plan.

• Is relatively effective in keeping motor 

vehicle traffic to a minimum, especially 

recreational motor vehicles.



[image: image17.emf]Recommendations from CCLUP Caribou Strategy Committee

P ROAD

– Move the Tolko gate on the Satah Road past the trail, implement legislated vehicle 

closures all year

Install two separate gates; one for the Satah Road and one for the camp with separate keys for each

Implement the legislated closures at the gate location.

Install vandal resistant locks with custom keys that cannot be cut.

Investigate physical closures to support the effectiveness of the gate that won’t restrict access for research or 

Standard Lease holder.

Change Wildlife Act hunting closure at Luck Mountain to the gate location

CHEZACUT ROAD

– Keep existing gate near the Clusko River, implement legislated vehicle 

closures all year.

Keep gate at or near the Clusko River (more investigation required on location)

Block off ford access

Implement Wildlife Act regulation from the Clusko River

De-build or de-commission road past research trials OR

Deactivate road beyond BCTS access to modified harvest area (located within the no harvest area)

Install vandal resistant locks with custom keys that cannot be cut

[Rationale required and recommendations for 3900 

Road]

BEEFTRAIL ROAD

– Implement legislated vehicle closures all year

MORRISON MEADOW ROAD

– Replace gate with pyramid blocks and cattleguard/cattle fence 


Appendix 4.  Linear transect analysis and raster classification analysis for the Northern Caribou Strategy Review.
Two different types of analyses were performed – the first was a Linear Transect Analysis based on Vegetation Resource Inventory (VRI) polygons, and the second was a Maximum Likelihood Supervised Classification of 10 cm resolution ortho-rectified air photos captured during the summer of 2008.

Linear Transect Analysis:

Based on the flightlines of the Summer 2008 airphoto flight, routes were created.

These routes were intersected with a series of polygon datasets to help give an indicator as to the makeup of the forest stands.  ArcMap’s Linear Referencing tools were used throughout.

1. Routes were created from flightlines

2. Features from the following datasets were then located spatially along the route:

	Layer Name
	Source

	FTEN Cut Blocks
	WHSE_FOREST_TENURE.FTEN_CUT_BLOCK_POLY_SVW

	FTEN Roads – 10 m buffer applied
	WHSE_FOREST_ TENURE.FTEN_ROAD_LINES

	RESULTS Openings
	WHSE_FOREST_VEGETATION.RSLT_OPENING_POLY_SVW

	TRIM Roads – 10 m buffer applied
	WHSE_BASEMAPPING.TRIM_TRANSPORTATION_LINES

	TRIM Waterbodies
	WHSE_BASEMAPPING.TRIM_EBM_WATERBODIES

	TRIM Watercourses
	WHSE_BASEMAPPING.TRIM_EBM_WATERCOURSES

	TRIM Wetlands
	WHSE_BASEMAPPING.TRIM_EBM_WETLANDS

	Fire Events 
	Local data supplied by Ministry of Forests

	Vegetation Resource Inventory
	WHSE_FOREST_VEGETATION.VEG_COMP_LYR_R1_POLY

	Biogeoclimatic Zones
	WHSE_FOREST_VEGETATION.BEC_BIOGEOCLIMATIC_POLY

	Northern Caribou Strategy Sub-Units
	Local data from the 2002 Northern Caribou Strategy project

	Timber Supply Areas
	WHSE_ADMIN_BOUNDARIES.FADM_TSA


3. The resulting line segments were classified into 4 groups:

· >= 80% Pine Leading segments

· < 80% Pine Leading segments

· Other Forested Stands – any forested, non-pine leading segments

· Non-Forested Stands – any segment that was any of the first eight datasets above, or any segment that was considered non-productive or NSR in the VRI.

4. Additionally, segments classified as >= 80% pine leading were broken down by:

· Crown closure – less than/greater than 45%

· Height – less than/greater than 12 m

· Age – less than/greater than 100 years

Raster Classification

Note:  Approximately 6% of the total Northern Caribou Strategy area was analysed (modified harvest, no harvest, park, and natural seral distribution areas only – 294 km2 of 4,709 km2 total area).  

Maximum Likelihood Supervised Classification:

· Based on a series of training sites, each 10cm raster pixel was classified into one of a set number of predefined classes (in this case, four classes).  Each class received equal weighting (i.e. a pixel had just as much of a chance as being classified as “Dead” as it did “Water”).

1. Training Site Collection:

· A series of training sites were defined for individual raster transects due to differences in colour balancing, shadows, and land cover variation.  Each training site was given a value from 1 to 4:

· 1 = Dead (red or grey attack trees)

· 2 = Live/Green (green trees, meadows, etc.)

· 3 = Rock/Ground (roads, gravely areas, bare earth)

· 4 = Water (rivers, lakes, etc.)

2. Raster Preparation:

· Each raster transect was clipped to a smaller, uniformly rectangular area to eliminate “NODATA” areas on the edges of the airphoto transects.

3.  Maximum Likelihood Classification:

· Signature files were built for each raster transect

· Each raster transect was sliced into 60 smaller, uniform pieces.  The classification was performed on each of the smaller pieces, rather than the entire raster transect, to speed up processing time.  Once complete, every pixel in the raster transect was assigned a value from 1 to 4 as listed above.

4. Raster Resampling and Mosaic:

· Each smaller raster slice was resampled to 1 meter pixels using the “Majority” method – if the majority of pixels within a 10 pixel x 10 pixel area were classified as “Dead” (1), the 1 meter pixel is assigned a value of “Dead” (1)

· Once resampling was complete, the smaller raster slices were mosaiced back into their original raster transects

5. Raster Addition:

· The supporting datasets used in the linear transect analysis above were all converted to raster, then summed with the classified raster

6.  End Result: 

· A table associated with each raster that summarizes each cover type (Dead, Green/Live, Rock/Ground, Water) by the VRI stand and SubUnit, then gives the number of pixels (square meters) it covers.

Appendix 5.  Projected expense summary for components recommended in the review of the NCS for the next 5 years.

	Strategy Compnent

	Description

	Year 1

	Year2

	Year3

	Year 4

	Year 5

	5 Year Total


	Caribou Inventory

	II - $20k/yr, R and CA - $10/yr

All 3 sub-populations every three years

	$40,000

			$40,000

		$80,000


	Wolf Inventory

	2 days helicopter (II and R)

	$15,000

					$15,000


	Moose Inventory

	MU 5-12, 5-6 and 5-13C respectively
	$130,000

	$60,000
		$80,000
		$270,000


	Caribou
 Habitat Study

	Radio-collaring with GPS collars and aerial monitoring

	$150,000

	$65,000

	$55,000

	$55,000

	$50,000

	$375,000


	Rainbow Wolf Project

	Wolf capture, GPS radio-collaring and monitoring (in conjunction with caribou monitoring)

	$95,000

	$10,000

	$10,000

	$5,000

	$5,000

	$125,000


	Lichen Monitoring

	Continue to monitor permanent lichen plots in the Quesnel Dist. Mod-harvest, every 3 years

			$40,000

			$40,000


	Silviculture

	Continuing studies

	$75,000

	$75,000

	$75,000

	$75,000

	$75,000

	$375,000


	Access Management

	Gate maintenance and signage
	$10,000
					$10,000

	Totals

		$515,000

	$210,000

	$180,000

	$255,000

	$130,000

	$1,290,000
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� With the exception of LEH, all local populations are managed with a 5 point bull caribou regulation. Only caribou that have one antler which bears at least 5 tines (points), including the tip of the main beam, above the rear point are legal.  Under this regulation, very few caribou less than 4 years are harvested, and a proportion of the older breeding bulls are protected and unavailable for harvest.


� Years indicated are in government fiscal terms, April 1995-March 2002 and April 2002-March 2008.


� Alternate prey inventories are not included in this table.


� Silviculture research includes lichen monitoring ($40,000).


� From Biodiversity Guidebook (1995) p.92.


� Appendix 2 of the 2002 Northern Caribou Strategy


� Central Tweedsmuir Goat Population Unit also includes Mt Mackenzie; however this survey unit has been removed in order to obtain a goat density for Rainbow Range only.


� A small portion of Tweedsmuir Park was excluded from the survey in 2007 and therefore the infested area would be slightly larger than the tabular estimates.





� Test burns would be conducted on sites of lower caribou habitat values with woody debris from the 1980s MPB infestation to mimic future stand conditions as closely as possible.


� Funding applied for years 1-4, cost would decrease each year depending on number of collared caribou surviving.


� Funding applied for years 1 and 2 for silviculture research, estimates (based on yearly average) provided for years 3-5.
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Junebulls&cows 

		Summary of June Surveys for the Itcha-Ilgachuz Mountains

		Date		Year		Total		Cows		Calves		Bulls		Yearlings		Unsexed Adults		Calves/100 Cows		June Bulls/100 Cows		June % Bulls		Total w/o Unclassified		June % Bulls		June % Bulls				Provincial Target (Bulls/100 Cows)

				1975																												35

				1976																												35

				1977																												35

		Jun-1		1978		110		13		5						92		38.462														35

		Jun-8		1979		262		45		45						172		100.000														35

				1980																												35

				1981																												35

		Jun-16		1982		711		395		197		119						49.873		30.127		16.737		711		16.737		16.737				35

		Jun-22		1983		710				186						524																35

		Jul-7		1984		775				187		107				481						13.806		294		36.395						35

		Jun-18		1985		985		675		255		55						37.778		8.148		5.584		985		5.584		5.584				35

		Jun-25		1986		929		605		267		57						44.132		9.421		6.136		929		6.136		6.136				35

		Jun-18		1987		933		597		258		78						43.216		13.065		8.360		933		8.360		8.360				35

		Jun-26		1988								48																				35

		Jun-23		1989		1175		672		314		132				44		46.726		19.643		11.234		1131		11.671		11.671				35

		Jun-27		1990		1215		682		330		183		4		16		48.387		26.833		15.062		1199		15.263		15.263				35

		Jul-12		1991		1408				298		16				1094																35

		Jun-17		1992		1194		569		317		219		48		41		55.712		38.489		18.342		1153		18.994		18.994				35

				1993																												35

		Jun-21		1994		1136		618		293		123		102				47.411		19.903		10.827		1136		10.827		10.827				35

		Jun-21		1995		1321		609		428		201		(52+31)				70.279		33.005		15.216		1321		15.216		17.562				35

		Jun-27/29		1996		1327		606		334		202		(68+98+19)				55.116		33.333		15.222		1327		15.222		22.607				35

		Jun-20		1997		1688		794		444		203		(81+83+47)		37		55.919		25.567		12.026		1651		12.296		17.323				35

		Jun-20		1998		2121		1012		557		322		(4+34+142)		50		55.040		31.818		15.182		2071		15.548		17.190				35

		Jun-26		1999		1754		882		385		278		(13+25+99)		72		43.651		31.519		15.849		1682		16.528		18.014				35

		Jun-27		2000		2167		1111		673		265		(37+58+11)		12		60.576		23.852		12.229		2155		12.297		12.297				35

		Jun-20/21		2001		2051		912		564		302		(42+68+31)		132		61.842		33.114		14.725		1919		15.737		15.737				35

		Jun-20/21		2002		2862		1344		743		629		(12+30+78)		26		84.657		46.801		21.978		2836		22.179		22.179				35

		Jun-17/18		2003		2861		1106		611		717		(71+33+99)		135		117.349		64.828		25.061		2726		26.302		26.302				35

				2004																												35

																						Bull/100 Cow and % Bulls ratios for June surveys in Itcha-Ilgachuz Mountains(FIG 6)

																						graph with unclassified caribou removed from the total…Affects %bulls

																						Note*  We should omit 1984 because there were 481 unclassified

																																												BELOW FOR JUNE 2003 PC SUMMARY REPORT ONLY





Junebulls&cows 

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



June Bulls/100 Cows

June % Bulls

Year

Bull Ratios

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



past(June)

		Itcha-Ilgachuz												Rainbow										Summary of post-calving surveys for Rainbows, all years (FIG 8)

		Year		cows		calves		total		% Calves				Year		cows		calves		total

		1975												1975

		1976												1976

		1977												1977

		1978		13		5		110		4.55				1978

		1979		45		45		262		17.18				1979

		1980												1980

		1981												1981

		1982		395		197		711		27.71				1982

		1983				186		710		26.20				1983

		1984				187		775		24.13				1984

		1985		675		255		985		25.89				1985		43		29		72

		1986		605		267		929		28.74				1986		81		33		118

		1987		597		258		933		27.65				1987

		1988												1988

		1989		672		314		1175		26.72				1989

		1990		682		330		1215		27.16				1990

		1991				298		1408		21.16				1991

		1992		569		317		1194		26.55				1992

		1993												1993

		1994		618		293		1136		25.79				1994

		1995		609		428		1321		32.40				1995		72		22		145

		1996		606		334		1327		25.17				1996		42		24		73

		1997		794		444		1688		26.30				1997		46		16		111

		1998		1012		557		2121		26.26				1998		48		21		98

		1999		882		385		1754		21.95				1999		54		19		96

		2000		1111		673		2167		31.06				2000		28		19		57

		2001		912		564		2051		27.50				2001		22		12		45

		2002		1344		743		2862		25.96				2002

		2003		1106		611		2861		21.36				2003

		2004

								min		21.16				2004

								max		32.40

								average 1982-2003		26.33

																										Polynomial regression of total caribou.  Slope is positive.

		Summary of post-calving surveys for Itcha-Ilgachuz, all years (FIG 2)



Nicola :
w/o Unclassified caribou in total…has formulas in cells

Nicola :
w/o Unclassified caribou in total..column for graphing purposes

Omit…unclassifieds represent 481 of 775 total

With unclassified in total
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Summary of caribou post calving surveys for the Rainbow Mountains Herd
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JHE estimates(june) 

		Population Surveys for the Itcha-Ilgachuz and Rainbow caribou herds: collars and calf presence

		YEAR		POST-CALVING-II				RUT-II				LATE WINTER-II				POST-CALVING-R				RUT-R				LATE WINTER-R

				# COLLARS		# CALVES		# COLLARS		# CALVES		# COLLARS		# CALVES		# COLLARS		# CALVES		# COLLARS		# CALVES		# COLLARS		# CALVES

		1996 / 1997		21		13		24		5		20		2		6		4		5		0		5		0

		1997 / 1998		19		15		19		8		19		5		6		3		6		0		6		0

		1998 / 1999		19		12		17		9		17		7		6		4		6		1		6		0

		1999 / 2000		22		10		20		7		20		6		6		2		6		0		5		0

		2000 / 2001		21		14		18		8		19		3		5		4		5		2		5		2

		2001 / 2002		18		11

		2002 / 2003		14		9										-		-

		2003 / 2004		11		6										-		-
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Trend: total caribou observed
y = 2.199x2 + 14.61x + 305.88
R2 = 0.8998
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nlfreema/ July 2003:
Ian Hatter suggested we run a regression analysis to show that slope is positive.

Only 18  of 19 available collars were relocated and classified during the June survey with respect to calf presence…however, all 19 collars were used for sightability in the 2001 JHE cow estimates.

Failed GPS collar 150.050 was observed with calf, however it was not included in the survey collar numbers as a viable collar



		JHE Modeling…use Noremark program to calculate estimates

		Cows Only		1996-2003				Seen/total collars				Cows Only		1985-1987				Seen/total collars						Itchas-Ilgachuz caribou JHE Populations estimates

																								Year		Estimate		Upper CI		Lower CI		+ error bar		- error bar

		Jun-03		Itcha-Ilgachuz				7/11				Jun-85		Itcha-Ilgachuz				11/13						1975

		1106 cows, 1099 unmarked										675 animals,664 unmarked												1976

		estimate is 1737 cows (1273-3193)										estimate is 797 cows (695-1128)												1977

				Rainbows				no survey																1978

																								1979

		Jun-02		Itcha-Ilgachuz				12/14				Jun-86		Itcha-Ilgachuz				9/14						1980

		1344 cows, 1332 unmarked										595 unmarked												1981

		estimate is 1568 cows (1380-2162)										estimate is 939 cows (709-1570)												1982

				Rainbows				no survey																1983

																								1984

		Jun-01		Itcha-Ilgachuz				15/19																1985		797		1128		695		331		102

		912 cows, 897 unmarked																						1986		939		1570		709		631		230

		estimate is 1155 cows (983-1578)										Jun-87		Itcha-Ilgachuz				8/13						1987		970		1709		712		739		258

				Rainbows				3/5				589 unmarked												1988								0		0

		22 cows, 19 unmarked										estimate is 970 cows (712-1709)												1989								0		0

		estimate is 36 cows (25-104)																						1990								0		0

																								1991								0		0

		Jun-00		Itcha-Ilgachuz				15/21																1992								0		0

		1111 cows, 1096 unmarked																						1993								0		0

		estimate is 1555 cows (1271-2199)																						1994								0		0

				Rainbows				4/5																1995								0		0

		28 cows, 24 unmarked																						1996		978		1484		756		506		222

		estimate is 35 cows (29-71)																						1997		887		1116		810		229		77

																								1998		1281		1751		1090		470		191

		Jun-99		Itcha-Ilgachuz				17/22																1999		1141		1533		969		392		172

		882 cows, 865 unmarked																						2000		1555		2199		1271		644		284

		estimate is 1141 cows (969-1533)																						2001		1155		1578		983		423		172

				Rainbows				5/6																2002		1568		2162		1380		594		188

		54 cows, 49 unmarked																						2003		1737		3193		1273		1456		464

		estimate is 64 cows (55-117)

		Jun-98		Itcha-Ilgachuz				15/19												FIG 5-estimated cow numbers

		1012 cows, 997 unmarked

		estimate is 1281 cows (1090-1751)

				Rainbows				5/8

		48 cows, 43 unmarked

		estimate is 76 cows (55-160)

		Jun-97		Itcha-Ilgachuz				17/19

		794 cows, 777 unmarked

		estimate is 887 cows (810-1116)

				Rainbows				7/7

		46 cows, 39 unmarked

		minimum known alive is 46 (46-59)

		Jun-96		Itcha-Ilgachuz				13/21

		606 cows, 593unmarked

		estimate is 978 cows (756-1484 )

				Rainbows

		42 cows, ?? Unmarked

		estimate is ??cows (  )
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2003 upper CI extends beyond axix to 3,193
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CHEZACUT ROAD: Implement a permanent physical closure at or near Clusko River, supported by year-round legislated motor vehicle closure under FRPA or the Wildlife Act 

Risks to Implementation or Compliance:



		Restricts vehicle access for research trials, tenure holders, licensees, fire and park management throughout entire area.

		BCTS will require access for planned harvesting in approximately 7 years.



Benefits:



Provides habitat effectiveness over large area.

		ATV access still feasible for research trials, tenure holders and management.

		Low cost & low maintenance.



Protects caribou summer range by keeping vehicle access to the park more than 20 km. 

Removes the requirement for gate and gate management

Consistent with recovery plan.

		Planned road deactivation beyond No Harvest Area will not impact other users.

		Pyramid blocks can be installed in a location that will block access.
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