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Of the 57 recognized units of analysis assessed in this report, 39 represent discrete local
populations and are referenced as “local populations” in the following figures and tables.
Of the remaining units of analysis, 6 units in NWT resulted from subdivision of a large area
of relatively continuous habitat considered to be occupied by one large population into
recognized management units; 8 units in Saskatchewan represent multiple local populations
and recognized management units within an area of relatively continuous habitat. The
remaining 4 units of analysis found in parts of Manitoba, Ontario, Quebec and Labrador
may include multiple local populations within a large area of relatively continuous habitat. In
the absence of defined local populations or units of analysis for these areas, the extent of
occurrence was used as the analysis unit.

2.6.3 Population and Habitat Assessment

Having identified local populations or units of analysis and associated ranges, the next
step in the Decision Tree was the identification and assessment of measurable criteria
of population and habitat status for each local population range. The recovery goal (and
population objective) is self-sustaining local populations, here interpreted as the probability
of persistence. Three measurable criteria related to persistence probability were assessed:

Population Trend: an indicator of whether a population is self-sustaining over a relatively short
measurement period (approximately 3-5 years). Four qualitative states were recognized:
stable, increasing, declining and unknown. Information on trend of local populations was
provided by the jurisdictions in Appendix 1 of the Draft National Recovery Strategy. Updates
were solicited as part of this review (see Appendix 6.8). Development of standards for
measurement of this criterion is identified within the Schedule of Studies.

Population Size: an indicator of the ability of a population to withstand stochastic events and
persist over the long-term. Results from the non-spatial population viability analysis (PVA)
were used to derive empirical guidelines for size categories (states) related to probability
of persistence (see Section 2.6.4.2 Population Size and Appendix 6.6). Three states were
recognized in this review: very small (< 50), small (=50 and <300), and above critical (>300).
Information on size of local populations was provided by the jurisdictions in Appendix 1 of
the Draft National Recovery Strategy. Updates were solicited as part of this review (see
Appendix 6.8). Development of standards for measurement of this criterion is identified
within the Schedule of Studies.

Range Disturbance: anindicator of the ability of a range to support a self-sustaining population.
Results from a meta-analysis of demography and range disturbance (see Appendix 6.5) were
used to derive empirical categories (states) for percent total range disturbance (anthropogenic
and fire) related to demographic response (see Section 2.6.4.3 Range Disturbance). Five
states were recognized in this review: very low, low, moderate, high and very high. Information
on total range disturbance of local populations was measured from independent, national-
scale data sources, consistent with methods applied in the meta-analysis.

20



Scientific Review for the Identification of Critical Habitat for Boreal Caribou

Additional criteria were considered during the review, particularly measures of range
condition in addition to disturbance. The amount, quality and spatial distribution of habitat
components essential to caribou, such as winter and summer range, and calving and post-
calving areas, also influence the ability of a range to support a self-sustaining population.
Partitioning disturbance into natural and anthropogenic components, characterized by type,
severity and distribution relative to habitat components could also help to refine evaluations.
Other types of disturbances that cannot be readily extracted from maps can also influence
range condition. However, access to readily available, standardized data on which to
base a national assessment was a limiting factor in the current review. Development of
a comprehensive Decision Tree and associated analyses are identified in the Schedule of
Studies. Supplementary information (e.g. new knowledge) can also augment Critical Habitat
identification through the adaptive management process.

2.6.4 Determination of States for Assessment Criteria

The population and habitat assessment criteria: population trend, population size and range
disturbance, represent three lines of evidence used to evaluate local population ranges
relative to their potential to support self-sustaining populations. This section describes the
methods used to determine the states of assessment criteria.

2.6.4.1 Population Trend

The recognized states of population trend used in the Decision Tree and associated analyses
were notrationalized beyond a literal interpretation of the trend state. For example, a population
exhibiting a declining trend over a given measurement interval is, by definition, not self-
sustaining, and thus has a low probability of persisting given continued decline. Alternatively,
a stable or increasing population is, by definition, self-sustaining over the measurement
interval, and has a moderate to high probability of persisting given continued stability or
growth. Where trend was assigned a state of unknown, the population was considered
to have an equal likelihood of being either self-sustaining or not, and thus may or may not
persist (Table 1).

Table 1: Population trend states with corresponding values of population growth and assigned probability of
persistence.

Trend State Lamba (A) Prob. Persistence
Declining <0.98 0.1
Stable 0.99 to 1.01 0.7
Increasing >1.01 0.9
Unknown | = - 0.5
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2.6.4.2 Population Size

Small populations face a high risk of extinction due to demographic stochasticity, Allee effects
and emigration (Levins 1970, Shafer and Samson 1985). The situation is exacerbated when
populations become isolated (Harris 1984, Belovsky et al. 1994), as is the case for most
small caribou populations in Canada, due to human-caused range loss.

The non-spatial population viability analysis (PVA; Appendix 6.6) suggested that, under good
demographic conditions (e.g. relatively high adult female and calf survival; Scenario 75th
Percentile, Table 2), a population size of 50 had a ~10% chance of quasi extinction, within
100 years, defined as the probability of declining to a population size of 10 animals or fewer
(Figure 7). This analysis further suggested that a population of 300 with moderate calf and
adult female survival (MHMM, Table 2) had a 10% probability of quasi-extinction. Finally,
large populations (= 300) had a high probability of persistence under favourable demographic
conditions; however, no population size was sufficient to buffer against poor demographic
conditions (low calf survival, moderate adult female survival; LHMM, Table 2; Figure 7).

Table 2. Scenario parameter values to assess population size thresholds of boreal caribou for population
assessment and identification of Critical Habitat, based on calf and adult female survival (S) and variation (CV
= coefficient of variation).

Scenario Description of Scenario Calf CV' Calf |Adult CV Adult
Survival | Survival |Female |Female
(S..) S..: CV Survival | Survival
(S..) (S, CV)
LHMM Low Scalf; High CV of Scalf; 0.17 64% 0.85 8%
Mean S_,, Mean CV of S_,
MHMM Mean S_; High CV of S__; 0.38 64% 0.85 8%
Mean S_,, Mean CV of S_,
75" Percentile [ 75®P_S_ ., 75"P_CV of S_; 0.44 51% 0.88 15%
75"P_S_,, 75"P_CV of 8,

' Coefficient of Variation
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* low S.., high CV of S.,r, mean S,4, mean CV of S,4 (LHMM)
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Figure 7. The effect of population size on risk of quasi-extinction under various survival rates for boreal caribou
adult females and calves. Quasi-extinction is defined as the risk of the population declining to 10 animals or
less over 100 yrs.

Risk of Quasi-Extinction (%)

While some small populations may persist for long periods, and perhaps even expand
depending on range conditions (e.g., Krausman et al. 1993, Wehausen 1999), there is general
agreement that they usually require special management interventions to do so (Krausman
and Leopold 1986, Krausman et al. 1993, Wehausen 1999). Further, there is usually a long
lag period (two decades or more) between a population declining below a critical threshold
and eventual extirpation (Tillman et al. 1994, Vors et al. 2007), and the period over which trend
data for caribou populations are available is often less than the probability period associated
with the most likely range perturbation under natural conditions (e.g., fire).

Therefore, the population assessment component of Critical Habitat identification recognized
that very small populations (<50) are vulnerable to stochastic events and phenomena, resulting
in an especially low probability of persistence, whereas local populations of >50 but <300
caribou are less vulnerable but are still at risk of quasi-extinction, and populations greater
than 300 can persist indefinitely when range conditions support average adult female and
calf survival. However, no population size was adequate to buffer against poor demographic
conditions. Three states with corresponding population sizes and persistence probabilities
were thus considered in this component of the population assessment (Table 3).
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Table 3. Population size states derived from a non-spatial population viability analysis (Appendix 5.6), with
corresponding population sizes and probability of persistence.

Population State | Population Size | Prob. Persistence
Very Small <50 0.1

Small 50 - 300 0.3

Above Critical > 300 0.5/0.9"
Unknown [ —eeeeeee- 0.5

Declining or unknown, P=0.5; poor demographic or reference conditions
Stable or increasing, P=0.9

Given that the PVA did not include senescence (e.g. no constraints on maximum breeding
age and maximum age), nor significant sources of environmental stochasticity, such as
that caused by fire events, the population size thresholds could be considered liberal (e.g.
conferring a greater probability of persistence than may be realized). However, the PVA
also only modeled single, closed populations (e.g. no immigration or emigration). This is
a reasonable assumption for very small populations and for discrete small populations.
Nevertheless, where the potential for immigration exists, extinction risk may be moderated
through rescue effects.

2.6.4.3 Range Disturbance

The national meta-analysis of caribou demography and range disturbance (Appendix 6.5)
revealed a negative relationship between recruitment rate, as reflected in the ratio of calves
to adult females in late winter population surveys, and the level of range disturbance. The
percentage of the range disturbed by a non-overlapping measure of total area burned and
disturbed by anthropogenic activities explained 61% of the variation in mean recruitment
rates across 24 boreal caribou populations. For populations of caribou to be self-sustaining,
population growth rates must be either stable or increasing. Population growth rate (A) is a
function of recruitment (R) and adult survival (S), such that A =S/ (1 — R) (adapted from
Hatter and Bergerud 1991). Thus for A to be = 1.0 (stable or increasing), R must be = S.

The non-spatial PVA reported mean annual female survival as 85%, based on a review of
boreal caribou studies from across Canada. With this adult female survival rate, a recruitment
rate of 15% female calves into the total population is required for a stable population, or A =
1.0, which is interpreted here as the condition necessary for a self-sustaining or persistent
population. To achieve 15% female calves in a total population of 100 animals, assuming an
equal sex ratio among calves, 14% yearlings in the population, an estimated 61% females
in the adult population, and an average parturition rate of 0.76 (% yearlings, adult sex ratio
and parturition rate from non-spatial PVA, see Appendix 6.6), a minimum recruitment rate of
28.9 calves/100 females is required. The non-spatial PVA suggested a positive probability
of population persistence above this value, under a moderate female survival scenario, and
given population size above critical (> 300 animals). Bergerud (1992) also reported that 27.7
calves/100 cows yielded a A value of 1 based on 32 herd determinations (population survey
years) of barren-ground and woodland caribou. Clearly, the appropriateness of a 15% target
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and associated calf to cow ratio depends on the actual survival of adult females in a given
population. However, the minimum recruitment rate or threshold of 28.9 calves/100 females
provided a guideline for evaluating the probability of persistence (e.g. the ability of the range
to support a self-sustaining population) of local populations associated with varying levels of
range disturbance, for use in the habitat assessment component of the Decision Tree.

The results of the meta-analysis were extrapolated to predict persistence probability at
varying levels of total range disturbance for individual local populations. To achieve this, it was
necessary to account for the uncertainty of the measured response (the estimated empirical
relationship based on sampled populations) and the predicted response (the expected value
for a new observation). The uncertainty of the predicted response must be included if the
interval used to summarize the prediction result is to contain the new observation with the
specified confidence. As with conventional confidence intervals, which quantify the certainty
around the estimated empirical relationship, a probabilistic interval is used when predicting a
new observation. To distinguish the types of prediction, however, the later probabilities are
termed prediction intervals. Prediction intervals around the threshold recruitment value of
28.9 calves/100 cows were used to derive the disturbance states used in habitat assessment
(Figure 8).
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Figure 8. Disturbance states derived from the prediction intervals (Pl) for the relationship between total range
disturbance and boreal caribou recruitment, based on a recruitment threshold of 28.9 calves/100 cows (15%

calves in total population).
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The lower and upper bounds of the 50%, 70% and 90% prediction intervals defined 5 states
of disturbance: very low, low, moderate, high, and very high, corresponding to values of total
disturbance associated with varying levels of persistence probability (Table 4).

Table 4. Disturbance states derived from the meta-analysis of caribou demography and range disturbance

(Appendix 5.5), with corresponding values of total disturbance (% anthropogenic and burned), and persistence
probability, based on recruitment threshold of 28.9 calves/100 cows for a stable population.

Disturbance State | Total Disturbance | Prob. Persistence
Very Low <15% 0.9
Low 16 - 23% 0.7
Moderate 24 - 49% 0.5
High 50 - 58% 0.3
Very High = 59% 0.1

While total disturbance was used to assess disturbance state for purposes of assigning
persistence probability, results from the meta-analysis indicated that most of the explained
variance in recruitment was attributed to the anthropogenic component of the total disturbance
measure. Thus, when total disturbance was moderate or above, but the majority of the
disturbance was attributed to fire, a local population range might be expected to support a
higher probability of persistence than suggested by the composite measure.

2.6.5 Integrated Probability Assignments to Local Population Ranges

Once the states of individual assessment criteria were assigned to local populations
of boreal caribou, the next step in the Decision Tree integrated these criteria to assign a
relative probability of population persistence to each local population range. The alternative
hypotheses or outcomes evaluated at the local population level were:

R\ss (Range Not Self-Sustaining): current range conditions and/or extent are not adequate to
support a self-sustaining population; probability of persistence is low.

R4 (Range Self-Sustaining): current range conditions and extent are adequate to support a
self-sustaining population; probability of persistence is moderate to high.

The Decision Tree provided a systematic means to evaluate the probability of persistence
for a local population given its observed state of population trend, population size, and range
disturbance. Whether states of the three criteria were known or unknown, a “prior probability”
(prior) was assigned to each criterion as an expression of available quantitative data and
published scientificinformation. A prior, which varies between 0 and 1, is an inferred probability
that a hypothesis is correct, or the plausibility of an outcome given incomplete knowledge.
When a state is unknown, a reference prior is assigned. This is functionally equivalent to
the inferred probability of alternate hypotheses, or plausibility of different outcomes, being
equal.
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Assignment of prior probabilities to possible states of each criterion was based on inferred
persistence probability (population trend), the statistical distribution of simulation results
related directly to persistence probability (population size), and a combination of measurement
and prediction uncertainty from the statistical properties of the recruitment-disturbance
relationship (range disturbance). Determination of the states was described in the previous
section (2.6.4). The assignment of prior probabilities reflects the probability of an observed
state supporting a self-sustaining (SS) local population, given available information.

A conditional probability table for the joint distribution of criteria states was generated by
averaging the individual, or marginal, priors to derive an integrated prior probability assignment
for each combination set (Table 5). Integrated priors represent the prior probability distribution
for the hypotheses R, and R .. The variable SSfR (probability of local population being
self-sustaining given current range condition) is continuous from 0 to 1, with values < 0.4
indicating the weight of evidence supports R, 0.5 placing equal weight on R, and R,
(specific conditions are evaluated to aid interpretation), and 2 0.6 supporting R.

Table 5. Example portion of conditional probability table for the joint distribution of criteria states, with integrated
prior probability assignments. SSfR is the probability of a local population being self-sustaining, given present
range and population conditions (See Appendix 6.8 for the complete table).

[}
(%)

Trend Size Disturbance | SSfR Range
Assessment
Declining 0.1|Very Small 0.1 |VeryHigh  0.1| 0.1 |Ryg
High 03] 0.2 |Ri
Moderate 0.5 | 0.2 |R\
Low 0.7] 03 |Ryg
Very Low 09| 04 Ry
Stable 0.7 | Small 0.3 |VeryHigh 0.1| 04 |R
High 03| 04 |Rg
Moderate 0.5 | 0.5 |R /R
Low 07| 06 |Rg
Very Low 09| 06 |Rg
Increasing 0.9 | Above Critical 0.9 |Very High 0.1 0.6 |R
High 03] 0.7 |Rg
Moderate 0.5| 0.8 |Rg
Low 0.7 0.8 |R
R

Very Low 09| 09

[9)]
(]
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The result of the integrated assessment was assignment of a probabilistic outcome to each
local population or unit of analysis, based on the weight of evidence supporting a conclusion
of self-sustaining or not self-sustaining given current range conditions and extent.

2.6.6 Proposed Identification of Critical Habitat

The final step in the Decision Tree is the proposed identification of Critical Habitat, based on
the probability of the current range supporting a self-sustaining local population (see Section
2.6.5). Critical Habitat Identification is expressed relative to the current range condition
and extent for each local population or unit of analysis. Condition and extent determine the
functional attributes of the range. Three Critical Habitat outcomes were considered, based
on interpretation of the integrated and individual probability assignments and associated
weight of evidence for range self-sustaining (R,) or not self-sustaining (R, ;). The outcomes
were:

m Current Range - current range condition and extent are required to maintain potential for
self-sustaining population.

m Current Range and Consider Resilience — current range condition and extent may be
sufficient to absorb additional disturbance while maintaining capacity to support a self-
sustaining population.

m Current Range and Improved Conditions — current range condition and/or extent would
need to be improved to restore potential to support a self-sustaining population.

The following decision rules were applied in the proposed identification of Critical Habitat for
each local population or unit of analysis.

m Where range assignment was self-sustaining (R
from the integrated assessment (p20.6):

ss)» based on weight of evidence

o If local populations or units of analysis were defined and all criteria had known
states, proposed Critical Habitat was identified as “Current Range and
Consider Resilience”.

o If local populations or units of analysis were not defined for large areas of continuous
habitat or if both population criteria (trend and size) were unknown, proposed
Critical Habitat was identified as “Current Range”, with a note that population
delineation and/or data were necessary before potential resilience could be
evaluated.

o If population trend was unknown and population size was small or very small
proposed Critical Habitat was identified as “Current Range”, with a note to
address data gap.
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m Where range assignment was not self-sustaining (R

29

|

If population trend was unknown and population size was above critical, proposed
Critical Habitat was identified as “Current Range and Consider Resilience”,
with a note to address data gap.

ss)» Pased on weight of

evidence from the integrated assessment (p<0.4):

|

If level of total disturbance was very low or low, proposed Critical Habitat was
identified as “Current Range”, with a note to investigate other measures of habitat
condition, non-habitat stressors and consider range extent, as appropriate.

If level of total disturbance was moderate, high or very high and trend was stable,
proposed Critical Habitat was identified as “Current Range”, with a note to
closely monitor trend.

If level of total disturbance was moderate, high or very high and population trend
was declining, proposed Critical Habitat was identified as “Current Range and
Improved Conditions”.

If population trend was unknown and total disturbance was moderate or total
disturbance was high or very high with the anthropogenic component of disturbance
low or very low, proposed Critical Habitat was identified as “Current Range”,
with a note to address data gap.

If population trend was unknown and total disturbance was high or very high with
anthropogenic component moderate or above, proposed Critical Habitat was
identified as “Current Range and Improved Conditions”, with a note to address
data gap.

Where range assignment was (R./R,.), based on equal weight of evidence from
the integrated assessment (p=0.5):

|

|

|

Proposed Critical Habitat was identified as “Current Range”

If one or more of the criteria for the integrated assessment was unknown, addressing
information gaps is indicated.

If all criteria states were known, situation was considered marginal; close monitoring
of situation is recommended.
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Where proposed Critical Habitat is identified as being “Current Range and Improved
Conditions” or “Current Range and Consider Resilience”, this does not imply that Critical
Habitat is unknown or un-identifiable. Rather, based on the current methodology, associated
assumptions and data used, Critical Habitat is proposed as the Current Range, with direction
on additional considerations necessary to refine the assessment. Ultimately, to meet the
full requirement of “habitat that is necessary for the survival or recovery” (SARA S.2(1)),
improved conditions and/or increased extent may be required (Current Range and Improved
Conditions), or the Current Range could absorb additional disturbance without compromising
persistence of the local population (Current Range and Consider Resilience).
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3.0 RESULTS

3.1 Proposed Critical Habitat Identification for Local Populations of Boreal
Caribou in Canada

The result of the application of the Decision Tree is described in Table 6. Based on this science
review, proposed Critical Habitat designations are described for each local population as the
Current Range, Current Range and Improved Conditions, or Current Range and Consider
Resilience, based on the integrated probability assignment (Section 2.6.5) and application of
decision rules (Section 2.6.6). The notes column provides explanations and considerations
for each local population. These notes could be augmented by additional information available
from jurisdictions. Limited, local population information was available at the time of this
assessment, and for consistency, the results presented include only that information available
across all populations, and considered in the present evaluation. A general description of the
components of Critical Habitat to be considered within local population ranges is found in the
Habitat Narrative (Appendix 6.3) and is referenced in Table 6 by ecozones and ecoregions
relevant to each local population.

Application of the Critical Habitat Identification Framework to each local population or unit
of analysis was based on the most current available information provided by jurisdictions for:
delineation of local populations or units of analysis (where these have been defined); trend
data; and population size data. Disturbance data was derived using a nationally consistent
method as part of the science review. The science review did not include an assessment of
data quality for data provided by jurisdictions, although Appendix 6.9 provides an indication
of the level of confidence as provided by jurisdictions. National, standardized criteria and
methods for boreal caribou population assessments do not exist and have been recommended
as an activity in the Schedule of Studies (Section 4.4, Table 7) to improve comparability in
reporting.
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To support Results interpretation, Figure 9 illustrates the integrated probability assignments
to each local population, and the assessment of the most plausible outcome relative to the
likelihood that the current range is self-sustaining. It is important to note that the integrated
probability assignment should not be interpreted as an absolute probability of persistence,
due both to variation in the generation of probabilities for each criterion, and the method by
which the criteria were integrated. However, it is a weight of evidence measure relative to
the question of whether a given range (the spatial delineation of a local population or unit of
analysis) is likely to support a self-sustaining population as a function of the current range and
population conditions. Further, it is not an indication of whether a population is recoverable or
not; rather, it is an expression of the degree of habitat recovery or management intervention
necessary to restore the population’s ability to be self-sustaining (e.g., to persist without the
need for ongoing management intervention; Section 2.2.4).

The resultant proposed Critical Habitat Identification for the 57 recognized local populations
or units of analysis considered in the decision analysis was:

m Current Range for 25 local populations or units of analysis;

m Current Range and Improved Conditions for 21 local populations or units of analysis;
m Current Range and Consider Resilience for 11 local populations or units of analysis.
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Environment Environnement i it P Integrated
-f- Canada Canada _u_.n.vcm_u___q o*.mm:.-m:mﬂm_:_:m local vov:_m”_o: O | Number | Local Population/Unit of Analysi Procy bility

unit of analysis given current range conditions 1 ABJBC Chinchaga 0.2

and extent (this is an indication of the degree 2 | ABINWT Bistcho 0.2

of change necessary to enable a population to w wa_ﬁqswmms River/Yates N.M

- . v Ul 3

be self-sustaining). 5 NWT/YK Gwich'in 0.8

0.1 6 | NWT Sahtu 06

o2 7 NWT North m_mﬁm 0.5

N - 8 NWT Dehcho (N/SW) 0.4

I 0.3 [ \ot Seif-Sustaining 9 | NWT South Slaw/SE_Dehcho 0.4

10 BC Maxhamish 0.5

0.4 11__| BC Calendar 04

P P 12 BC Snake Sahtaneh 0.2

[ ]0.5—Self-Sustaining/Not Self-Sustaining 15 TBG Parke oo o

o067 14 | BC Prophet Core 0.3

I 07 15 AB Deadwood 0.1

. - Self-Sustaining 16 AB Caribou Mountains 0.3

Blos 17 | AB Red Earth 0.2

18 AB West Side Athabasca River 0.4

I 0.9 19| AB Richardson 0.4

D Extent of Occurrence 20 AB East Side Athabasca River 0.2

21 AB Cold Lake Air Weapons Range 0.2

4 [ ] Boreal Region of Canada 22 | AB Nipisi 04

I Lakes and Rivers 23 AB Slave Lake 0.3

S N R i 24 | AB Little Smoky 0.2

.3 /) No delineation of local populations or 25 | SK Daw-Athabasca 0.5

units of analysis; extent of occurrence 26 | SK Clearwater 0.4

B is treated as a single unit. 27 | SK Highrock-Key 0.5

AN 28 SK Steephill-Foster 0.5

g 29 SK Primrose-Cold Lake 0.4

30 SK Smoothstone-Wapawekka 0.4

31 SK Suggi-Amisk-Kississing 0.6

32 SK Pasquia-Bog 0.2

33 MB Kississing 0.4

34 MB Naosap 0.5

35 | MB Reed 0.5

36 | MB The Bog 0.5

37 MB Wapisu 0.6

38 MB Wabowden 0.5

39 MB William Lake 0.4

40 | MB North Interlake 0.6

41 MB Atikaki-Berens 0.7

42 MB Owl-Flintstone 0.5

43 Manitoba 0.7

44 ON North East Superior 0.4

45 ON Michipicoten 0.6

46 ON Slate Islands 0.6

47 Ontario 0.6

48 | QCVal dor 0.2

1,000 Kilometers 49 | QC Charlewix 04

| 50 QC Pipmuacan 0.4

51 QC Manouane 0.7

52 QC Manicouagan 0.6

53 Quebec 0.7

54 LAB Lac Joseph 0.6

. 55 LAB Red Wine Mountain 0.4

Om.:mamw 56| LAB Mealy Mountain 0.8

57 Labrador 0.6

Figure 9: Probability that current range will support a self-sustaining population of boreal caribou, based on integrated probability assignments that
considered population trend and size, and level of disturbance associated with anthropogenic activities and fire (see Section 2.6.5). This Figure
is not an illustration of whether a population is recoverable or not, rather, it is an indication of the degree of habitat change necessary to enable a o
population to be self-sustaining (e.g. to persist without the need for ongoing management intervention). =
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4.0 DISCUSSION

4.1 Interpretation of Proposed Critical Habitat Outcomes

The application of the Critical Habitat Framework and associated Decision Analysis provided
an assessment of all local populations or units of analysis within the current distribution of
boreal caribou in Canada. Like habitat selection by caribou, Critical Habitat identification is
a hierarchical process that must consider needs across multiple spatial and temporal scales.
The national analysis focused on the scale most appropriate for considering the persistence
of local populations — the local population range. Factors operating at this scale act as
constraints on population dynamics, and determine whether or not a population is likely to
be sustained. It has been previously demonstrated, and is implicit in this evaluation, that
predation acts as a limiting factor for boreal caribou populations. Conditions present in the
range of a local population determine the type, amount and distribution of habitat for caribou
and other prey species with shared predators on caribou, and hence the abundance and
distribution of these predators within the range. As a result, the premise of this evaluation
— that Critical Habitat is most appropriately identified at the scale of the local population
range — is not equivalent to saying that every element within the range is critical to support a
self-sustaining boreal caribou population, in all instances. However, it does provide a spatial
delineation of the area of consideration when assessing the current conditions and quantifying
risk relative to the recovery goal of maintaining or restoring self-sustaining local populations,
for assigning potential Critical Habitat outcomes, and for planning for the management of
the habitat conditions necessary to support population persistence (e.g. maintaining the
functional attributes of the range). Refinement of needs at finer spatial scales over specific
timeframes is possible within the constraints of the range level designation. Guidance on
important considerations is provided in the Habitat Narrative (Appendix 6.3). General
parameters associated with Critical Habitat outcomes are described below.

For each local population or unit of analysis, proposed Critical Habitat was expressed as one
of three outcomes, based on weight of evidence from the integrated assessment (Range Self-
Sustaining or Range Not Self-Sustaining; Section 2.6.5), and application of decision rules
(Section 2.6.6). These outcomes included: Current Range, Current Range and Improved
Conditions, or Current Range and Consider Resilience. An interpretation of each is provided
below.

Current Range: Current range condition and extent are required to maintain potential for
self-sustaining population. Further degradation of the current range may compromise the
ability to meet the recovery goal. Five scenarios occurred under this outcome.

1) Local populations or units of analysis for several large and relatively continuous areas
within the current distribution of boreal caribou have yet to be been delineated. The
present assessment considered the extent of occurrence within the relevant jurisdiction
as a single unit of analysis. In some cases, this indicated a moderate to high probability of
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2)

3)

4)

5)

the area supporting a self-sustaining population (P=0.6). However, caribou in the area may
consist of more than one local population. As a result, the mean condition among these
populations could be masking important variation across the extent of the area considered,
with implications for population sustainability and critical habitat evaluation. Population
units should be identified and assessed, which could lead to alternative outcomes.

The uncertainty around population condition (trend unknown) in combination with
moderate disturbance did not provide a clear indication of whether the current
range is adequate to support a self-sustaining population (P=0.5). The first
priority is to address the information gaps, then to re-assess the local population.

An integrated probability of P=0.5 when all parameters were known was interpreted
as a marginal situation. The criteria assigned the greatest risk (lowest individual
probability) should be examined, and additional local information considered.

Weight of evidence supported Range Not Self-Sustaining (P<0.4) for a number of
local populations, but improvements to range condition were not clearly indicated,
because either (a) disturbance was very low or low, or (b) population trend was
stable. Maintenance of current range in conjunction with (a) investigation of other
factors negatively affecting the population, or (b) close monitoring of trend for
possible lag effects is recommended. Situations falling under (b) should also be
examined to better understand potential resilience to different forms of disturbance.

In several cases, weight of evidence supported Range Not Self-Sustaining (P<0.4), but
the total disturbance was comprised primarily of fire (e.g., the amount of anthropogenic
disturbance was low or very low), and population trend was unknown. Improvements to
range condition were not clearly indicated given that percent range burned explained little
variation in the relationship underlying the disturbance categories, at least up to upper
end of the moderate disturbance level. A better understanding of the differential effects
of fire and anthropogenic disturbances on caribou demography was identified as an area
for further study.

Current Range and Improved Conditions: Current range conditions and/or extent would
need to be improved to restore the potential to support a self-sustaining population. Further
degradation of the range may have serious consequences for local population persistence.
Three scenarios occurred under this outcome.

1)
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For most local populations or units of analysis with weight of evidence supporting Range
Not Self-Sustaining (P<0.4), levels of anthropogenic disturbance in conjunction with
population trend suggest that recovery efforts are required to restore conditions that support
persistence (e.g., a reduction in anthropogenic disturbance and recovery of disturbed
habitat is necessary). The nature and magnitude of restoration could be determined
through spatial population modeling combined with dynamic landscape simulation.
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2) For several local populations or units of analysis, a high level of total disturbance
was comprised primarily of fire, with low levels of anthropogenic disturbance, but
was associated with a declining population trend. The percent area burned fell
outside the range of values included in the meta-analysis (Appendix 6.5), thus
inference based on the documented relationship was weak. Natural recovery may
be sufficient to improve range condition, but additional stressors on the population
should be considered, including potential interactions between fire and anthropogenic
disturbance at high levels of fire, and non-habitat factors (e.g., mortality sources).

3) In two cases, the total measured disturbance levels were low or very low, but a negative
population trend indicated the need for improved range conditions and/or extent.
Therefore, aspects of habitat condition other than disturbance may be affecting the local
population. Non-habitat factors such as poaching, reduction in habitat quality for example
low flying aircraft or other forms of disturbance not included here, and population health
(disease and parasites) should also be considered. It is also possible that the current
range has been reduced in extent such that it is insufficient to support a self-sustaining
local population, and restoration of adjacent habitat is required to enable the population to
persist. Population isolation and the need to restore connectivity should be examined.

Current Range and Consider Resilience: Current range condition and extent may be
sufficient to absorb additional disturbance while maintaining capacity to support a self-
sustaining population. Two scenarios occurred under this outcome.

1) Local populations or units of analysis with large or very large population size (e.g.,
above critical based on the non-spatial population viability analysis), stable or increasing
population trend, and levels of total disturbance that were moderate, low or very low.
This situation presents the least risk with respect to meeting the population objective
of the recovery goal, and represents the greatest potential to apply active adaptive
management to evaluate resilience (e.g., experimental management to test alternate
hypotheses regarding population responses to different types and levels of disturbance).

2) Local populations or units of analysis with small population size, stable or increasing
trends, and low or very low levels of total disturbance. This situation also represents a
relatively high probability of achieving the recovery goal. However, the inherent risks
associated with a small population size warrant a cautious approach when considering
potential resilience to any additional disturbance. Nevertheless, this situation may also
present an opportunity for active adaptive management.

One of the guiding principles of the science review was to recognize and address the dynamic
nature of boreal systems and resultant effects on boreal caribou habitat in time and over
space. Boreal landscapes are naturally dynamic, driven by processes such as fire and
other disturbances and resultant forest succession. Similar landscape dynamics may be
associated with certain types of anthropogenic disturbances. Recognition of such dynamics
is commensurate with the scale of consideration for Critical Habitat identification — the
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local population range — which reflects multi-decadal dynamics of the system and species
response. However, neither the spatial nor temporal dynamics within a local population range
were directly addressed by this evaluation.

The non-spatial population viability analysis considered temporal components of persistence
associated with demographic, and to some extent, environmental stochasticity. As well, the
50-year window for area burned considered by the meta-analysis recognized in a limited way
the dynamic properties of disturbance by fire, relative to habitat recovery and response by
caribou. Nonetheless, the present evaluation represents a point-in-time assessment of the
current range relative to the recovery goal of self-sustaining local populations.

Further elaboration of Critical Habitat outcomes for local populations can be achieved through
spatial population viability analysis linked with dynamic landscape modelling (see Section
2.6.6 and Appendix 6.7). Incorporation of landscape dynamics is necessary to understand
the conditions and management options associated with recovery (Current Range and
Improved Conditions) and resilience (Current Range and Consider Resilience), as well as
additional risks associated with present conditions (Current Range). Such evaluations may
be undertaken with varying levels of complexity and concomitant requirements for data. Itis
clear from the present review that minimum data requirements could be met for most areas
within the current distribution of boreal caribou in Canada, particularly when viewed in the
context of adaptive management.

4.2 Decision Analysis and Adaptive Management

The Decision Tree provided a structured and transparent method to evaluate individual local
populations and determine prior probabilities of alternative hypotheses regarding definition
of Critical Habitat, through consideration of measurable criteria assigned to categorical
states based on available quantitative data and published scientific information. The prior
probabilities indicated the most plausible outcome, relative to probability of persistence, for
each local population or unit of analysis. At each step in the Decision Tree, any assumptions
made were explicitly described, and uncertainties were identified that could be addressed
through a Schedule of Studies to improve understanding.

The approach to Critical Habitat identification applied here follows established methodologies
for decision-analysis in operations research and management science. In this case, the
objective function is population persistence, expressed as the set of conditions necessary
to support self-sustaining local populations. Syntheses of existing information, evaluation of
likely outcomes, and refinement of understanding are also fundamental components of the
adaptive management framework. While a more detailed Decision Tree could be developed
to elucidate the relationships among criteria (variables) and identify underlying mechanisms,
the simple model considered here is a “white box” that can be easily applied, evaluated,
and communicated with available information, and supports a science based component of
the process leading to the potential final identification of proposed Critical Habitat across a
spectrum of local population conditions.
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The assignment of prior probabilities and their use in the identification of Critical Habitat
represents a starting point in an adaptive management cycle (Figure 4). As uncertainties
are addressed through the Schedule of Studies, and new information becomes available,
local population assignments can be updated. The Decision Tree can also be interpreted as
a Bayesian Decision Network (BDN). The assessment criteria are equivalent to nodes in a
BDN, representing variables that can assume multiple states. Associated with each node is a
probability table that expresses the likelihood of each state, conditional on the state of nodes
that feed into it. Weightings could be assigned to nodes to represent the relative importance
of the variable on the outcome. The current process does not address interactions among
the criteria or their relative influence on outcomes, so no weightings were applied to the
assessment criteria (population trend, population size, and range disturbance), nor were
conditional probabilities assigned to individual criteria. However, estimation methods for
generating these probabilities exist, and can be incorporated over time through the adaptive
management process. Development of a more comprehensive BDN is recommended as
part of the Schedule of Studies, to enhance understanding and provide a formal process
for updating the prior probability distribution for the recovery goal of self-sustaining local
populations.

4.3 Transition to Action Planning/Recovery Implementation

As previously noted, this national analysis and proposed identification of critical habitat was
conducted at a spatial scale appropriate to addressing persistence of local populations, as
per the recovery goal and objectives for this species. However, habitat selection by boreal
caribou is hierarchical, and where/if deemed necessary, assessments may be further refined
within local population ranges to identify the habitat necessary for the recovery of the species
at finer temporal and spatial scales.

A variety of approaches could be applied at the local population level to define the degree
of change required in range condition and/or extent to support persistence, the appropriate
management strategies for maintaining conditions where range is currently self-sufficient,
and the amount of additional disturbance that might be absorbed by local populations with
potential resilience. For example, the probability of persistence over specified time frames
can be further quantified using spatially explicit population viability analysis to model the fate
of populations relative to changing habitat conditions, and to identify probable outcomes
under a range of habitat scenarios. By linking spatially explicit population and landscape
simulation models, dynamic elements of the system can be incorporated (see Appendix
6.7 — spatial PVA). Further meta-analyses could be applied across multiple populations
to link current conditions (e.g., vegetation composition and structure), created by natural
and anthropogenic factors, to population status, and predict future trends. Similarly, a
retrospective approach could be used to explore conditions for persistence, by quantifying
historic variation in natural systems and examining circumstances that have contributed to
persistence, recognizing the uncertainty among persistence, historical disturbances, and
habitat change. Such investigations could also yield insights into the differential effects of
fire and anthropogenic disturbance on caribou demography; an important distinction when

considering the application of such approaches to caribou management.
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4.4 Conclusions

The Boreal Caribou Critical Habitat Science Review performed by EC was undertaken with
the support of an independent Science Advisory Group that provided continuous peer-review
throughout the process. Development of a Critical Habitat Framework and Decision Tree
provided a formal structure for assembling and analyzing data relevant to Critical Habitat
identification, and the foundation for continuous improvement of knowledge through the
process of adaptive management. A weight of evidence approach was used to identify the
most plausible outcome of combinations of population and habitat conditions relative to the
recovery goal of self-sustaining local populations.

This report contains a proposed Critical Habitat identification, based on empirical science
and inherent assumptions associated with the methodology used, for each of the spatial
analytical units associated with each local population. Other factors such as the incorporation
of Aboriginal and traditional knowledge (ATK), and the extent to which the assumptions taken
in this report align with Critical Habitat policy directives, may influence any potential final
identification of Critical Habitat in the Recovery Strategy.

General conclusions from the review include:

1) Critical Habitat for boreal caribou is most appropriately identified at the scale of local
population range, and expressed relative to the probability of the range supporting a
self-sustaining local population;

2) Range is a function of the extent and condition of habitat, where habitat includes the
suite of resources and environmental conditions that determine the presence, survival
and reproduction of a population;

3) Application of the Critical Habitat Identification Framework, for the 57 recognized local
populations or units of analysis for Boreal caribou in Canada, yielded 3 proposed
outcomes: Current Range, Current Range and Improved Conditions, or Current Range
and Consider Resilience;

4) Like habitat selection by caribou, Critical Habitat identification for Boreal caribou is a
hierarchical process with considerations across multiple spatial and temporal scales.
Further elaboration of Critical Habitat outcomes at spatial scales finer than range, over
specified time frames, may be achieved through spatial population viability analysis
linked with dynamic landscape modelling;

5) Acknowledging that current knowledge and the dynamic nature of landscapes impart
uncertainty, present findings should be monitored and assessed for the purposes of
refinement and adjustment over time, as new knowledge becomes available (e.g., a
Schedule of Studies as part of Adaptive Management).
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This science based review was framed as one of transparent decision-analysis and adaptive
management. Thus, the Schedule of Studies produced is a key requirement of the process that
is designed to produce continuously improving results over time. Aboriginal and Traditional
Knowledge was not included in the present review, nor are needs specific to this body of
knowledge identified in the Schedule of Studies.

4.5 Addressing Uncertainty — A Schedule of Studies

All readily available information, including peer-reviewed and grey literature, caribou
population and location data, and biophysical and land-use data was reviewed to support the
Critical Habitat Decision Analysis. A Schedule of Studies is required by SARA (S. 41(1) (c.1))
if sufficient information is not available to complete the identification of Critical Habitat. Thus,
a Schedule of Studies remains a requirement of the process, as described throughout this
document. The Schedule of Studies is an outline of activities (e.g., survey work, mapping,
population viability analysis) designed to address knowledge gaps and uncertainties to
improve the Critical Habitat identification process. These activities include new studies,
improvement or continuation of existing studies, and collection of standardized data through
monitoring and assessment. Aboriginal traditional knowledge was not considered in the
present Science Review, except where accessible in published documents, nor are needs
specific to this body of knowledge addressed in the Schedule of Studies. Aboriginal and
traditional knowledge provides important information that could augment this review and
improve understanding of critical habitat for boreal caribou.

The following Schedule of Studies is designed to address uncertainties identified at each
step in the Decision Tree (see Figure 4).

Table 7: Schedule of Studies

Activity | Description

Identify Current Distribution:
The current distribution of boreal caribou across Canada is described and mapped in order to define the
national scope of Critical Habitat Identification.

Environmental Nich Analysis The Environmental Niche Analysis (Appendix 6.4) should be further
developed and applied to identify areas of uncertainty based on available
abiotic and biotic data, and therefore guide sampling efforts to refine
understanding (model-based sampling) of the drivers of current distribution,
as well as patterns of occupancy within the distribution. This method could
also be used to identify areas with high restoration potential, and areas for
enhancing population connectivity, where necessary.

Identify Unit of Analysis:
The ranges of local populations are the unit of analysis for Critical Habitat Identification

Develop a Local Population Develop a standardized approach to delineating local population ranges
Range Mapping Standard (units of analysis) that can be applied across Canada by jurisdictions
responsible for the management of Boreal Caribou.

Determine Local Populations Determine and/or update local population ranges using standardized criteria
and methodology.

Note: Delineation of local populations is a high priority for large continuous
distribution areas currently lacking this information.
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Table 7: Schedule of Studies

Activity

Description

Population and Habitat Assessment :
Application of a systematic process for evaluating the probability of persistence of a local population given
observed states of population and range condition.

Develop a comprehensive
Bayesian Decision Network
(BDN)

Identify and incorporate measurable parameters (variables) that influence
population persistence into a comprehensive BDN that specifies the
conditional probabilities among variables, and provides a formal method for
updating Critical Habitat assignments with new knowledge. This activity
will be informed by results from additional meta-analyses and non-spatial
and spatial population viability analyses.

Conduct additional meta-
analyses of caribou
demography and range
condition

Extend analyses of national data to incorporate additional measures of
population and range condition (e.g., adult survival, habitat fragmentation,
forest composition), understand variation in relationships attributable to
different disturbance types, other habitat measures, or regional contexts, and
augment or refine criteria used to assess range condition for identification
of Critical Habitat.

Refine population size
thresholds in relation to
probability of persistence

Further develop the Non-Spatial PVA by:

m Incorporating maximum age and senescence

m Evaluating interactions between selected demographic parameters,
and the influence of population size on these relationships, relative to
risk of extinction and expected time to extinction

Develop survey standards

Develop standardized criteria and methods for boreal caribou population
assessments, including local population size and trend information.

Determine local population
trends

Population demographic data are required to calculate lambda and evaluate
trends of local populations, including more detailed demographic data (from
survival analyses, population composition and recruitment surveys).

Determine local population
sizes

Population census data are required to determine current population size.
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Table 7: Schedule of Studies

Activity

Description

Critical Habitat Identification:

Determining the quantity, quality and spatial configuration of habitat required for persistence of boreal caribou
populations throughout their current distribution in Canada.

Refine Quantity, Quality and
Spatial Configuration of Critical
Habitat for local populations

Identification and completion of case studies using spatially-explicit
population modeling to explore a range of population and habitat conditions,
and management scenarios, to improve understanding of habitat-based
constraints on population persistence (quantity, quality and spatial
configuration) and inform development of the Bayesian Decision Network.
A variety of modeling approaches should be explored, to inform Critical
Habitat identification and recovery planning (e.g. effective protection and
recovery implementation).

Alternative analytical approaches, such as additional meta-analyses, can
also support this activity.

Develop and/or apply methods
for determining needs and
conditions to support population
connectivity

Critical Habitat has been identified at the scale of the range of local
populations, with the assumption that local populations experience
limited exchange of individuals with other groups. Enhanced population
connectivity may be necessary to support persistence of small populations,
and maintenance of existing connectivity an important element of Critical
Habitat for large populations. Development and/or application of methods to
evaluate population connectivity and its relationship to habitat or landscape
attributes is necessary. This work could be undertaken in conjunction with
spatially-explicit population modeling.

Identify opportunities for active
adaptive management

Uncertainties regarding the potential resilience of local populations to
different levels and types of disturbance may be most effectively addressed
through active adaptive management designed to test alternate hypotheses
regarding population response. Parameters to support this could be
identified through spatially-explicit population modelling.
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