Muskox TAH review for Nunavut Tunngavik Incorporated (NTI) – working draft

Annex 1
1. POPULATION DELINEATION 

a. Population definitions:

The Government of Nunavut (GN), Department of Environment (DoE) presents and utilizes several new approaches to delineate muskoxen populations in the Nunavut territory.  The approaches are based upon:

1. Closed demography (DoE 2006, Dumond 2006, DoE 2006)

2. Density (Dumond 2006, DoE 2006)

3. Range disjunction (Gunn et al. 2006, Dumond 2006, DoE 2006)

4. Biogeography (Gunn et al. 2006)

The GN recognizes that the current management system in place is based on a system of management zones (Dumond 2006:23), which does not satisfy the requirements of the Nunavut Land Claims Agreement (NLCA). The use and application of the term “population” is required for the establishment of a total allowable harvest (TAH) and may have wide implications for wildlife management.  Thus, the application of the term “population” to establish TAHs has been carefully reviewed. 

Both the Dumond 2006 and DoE (2006) documents state that they support the DoE definition of a closed demographic unit to delineate their populations.  

“The recommended TAH for Nunavut’s 19 musk ox populations (Fig 6.1, Table 6.1), are based on a demographic definition of “population”.  We define muskoxen populations as spatial units within which birth and death rates are believed to contribute more to population dynamics than rates of immigration and emigration”. (Dumond 2006: 23)
However, Gunn et al. (2006) advances several approaches to delineate a population based upon Green’s recommendations for the delineation of a designatable unit.

“In the absence of demographic and genetic information, ‘population’ can be defined as a group of individuals spatially disjunct from other groups (Wells and Richmond 1995)” (Gunn et al. 2006:10).

“In the absence of information to the contrary, it is prudent to accept the range disjunction and biogeographic areas as affecting muskoxen population structuring” (Gunn et al. 2006:11).

The revised documentation submitted by DoE delineation of muskoxen populations is based upon several approaches that in some cases do not appear to satisfy the assumptions of a closed demographic unit.  This could have indeterminate wildlife management consequences because the values generated to establish the TAHs for all muskoxen populations in Nunavut rely on the premise that these populations represent closed demographic units.  

b. High arctic Muskox populations in the Qikiqtaaluk region:

i. MX/01 (Bathurst Island), MX/02 (Cornwallis Island), MX/08 (Somerset) and MX/09 (Prince of Wales Island)
For the delineation of MX/01, MX/02, MX/08, and MX/09 the regional wildlife biologist document (Gunn et al. 2006) states that:

“Range disjunction between islands supports the designation of muskoxen units MX/01 (Bathurst Island) and MX/02 (Cornwallis Island), MX-08 (Somerset) and MX/09 (Prince of Wales Island)” (Gunn et al. 2006: 10); 

and 

“The designation of Bathurst and its satellite islands is based on IQ (Taylor 2005), survey results and movements of radio-collared muskoxen” (Gunn et al. 2006:14).

However, there is no information from Taylor (2005) or convincing evidence from Gunn et al. (2006) that supports the delineation of demographically closed units for Bathurst Island and its satellite islands.  The conclusion that muskoxen are restricted to Bathurst Island and Cornwallis Island based upon preliminary satellite collar information requires review and may be spurious (n=6).  The satellite collar information and analysis has not been made available for review.   
Gunn et al. (2006) document also states that:

“Only during severe winters have Inuit hunters and biologists reported occasional desperation movements on to the sea ice (Taylor 2005, Gray 1987, Miller 1998)” (Gunn et al. 2006:14); 

and

“Muskoxen may make desperation moves to find better foraging conditions.  For example, during the muskoxen die-off in the mid-1990s, muskoxen carcasses were found on the sea-ice near Bathurst Island,” (Gunn et al. 2006:6).
This indicates that both Inuit and biologists acknowledge that muskoxen emigrate to other areas when faced with environmental stress.  Due to the unique environmental conditions in the high arctic, muskoxen most likely live close to their biological limitations.  Muskoxen are affected by periods and events of extreme weather such as severe winters and icing events (Gunn et al. 2006: 6, Taylor 2005). Thus, the migration of muskoxen beyond local areas may be expected under stressed conditions.  The frequency of these movements has not been systematically documented but periodic die-offs and major fluctuations in muskoxen populations have been recorded (Taylor 2005). 

Gunn et al. (2006) also indicate that MX/08 and MX/09 initially were not closed populations because migration likely occurred from Prince of Wales to Somerset Island and that Inuit have also reported similar movements:

“For the most part, the population on this island is disjunct from Prince of Wales although in the 1970s, a few muskoxen from Prince of Wales likely colonized Somerset Island. Inuit hunters report that some muskoxen have moved from Prince of Wales to Somerset and possibly more northern islands (Taylor 2005)” (Gunn et al. 2006:25).

ii. MX/03 (Central Ellesmere), MX/04 (Southern Ellesmere), MX/05 (North Devon), MX/06 (South Devon), MX/07 (West Devon)
The regional wildlife biologist document (Gunn et al. 2006) identifies MX/03 and MX/04 as management areas and MX/06 and MX/07 as populations where biogeography and dominating climate regions is presented to justify the delineation of these populations. 

“A dominating influence on biogeography is climate and arctic climate is strongly regionalized (Maxwell 1981).  Western Devon (M/07-WD) is in a separate region  (I, Northwestern Region) from north and south Devon (MX/05-ND and MX/06-SD). As well, the two management areas on Ellesmere (MX/04-SE and MX/03-CE) largely correspond to the two climate regions IV and V” (Gunn et al. 2006:11).

This approach is lacking in recent information and highly selective in terms of application to delineate muskoxen populations in the high arctic.

Firstly, these climatic regions do not represent biogeographic zones.  Secondly, the classification of these climatic regions is based upon climate data from 1953-1972 (but up to 1976 in some instances). Consequently, there may have been considerable change in the climate data from 1976 to present that affects the current boundaries of these climate zones.  

“The usefulness of the climate information presented in this paper depends on how representative the data base is for future years.” (Maxwell 1981: 236).

Thirdly, the population delineation of MX/07 does not accurately follow the contour provided by Maxwell’s classification of climatic regions of the Canadian Arctic Islands (see Maxwell 1981, Fig. 7:229).  There is major discrepancy in the southwest area of Devon Island in which MX/07 extends into Maxwell’s climatic zone IV. Populations MX/03 and MX/04 also do not accurately follow the contours of Maxwell’s climatic zones IV and V.  Regardless, Maxwell advises caution when using these climatic zones due to their subjective nature and because the original intent of the classification was to stimulate discussion.

“The regional boundaries should, however, be treated cautiously in view of the subjectivity involved in their choice” (Maxwell 1981: 238).

“It is hoped that the climatic regions suggested in this study will serve as a basis for discussion in the scientific community and provide greater recognition of the distinct regional climatic variation within the Canadian Arctic” (Maxwell 1981: 238).

The Committee on the Status of Endangered Wildlife in Canada (COSEWIC) can currently utilize biogeographic zones to establish designatable units.  When COSEWIC identifies units as biogeographically distinct, they may refer to an appropriate ecozone or biogeographic zone map (Fig. 1 - Terrestrial ecozones of Canada, Fig. 2 - National Freshwater Ecological areas, and Fig. 3 - Faunal provinces of terrestrial amphibians, reptiles and mollusks in Canada).   Based on COSEWIC biogeographic criteria, populations MX/03, MX/04, MX/05, MX/06, and MX/07 are not differentiated from each other. 

In addition, MX/03 and MX/04 are identified as one of the largest high arctic islands with high mountains, glaciers and fiords creating likely barriers to movements. However, Gunn et al. (2006) state that:

“Indeed, there are only rare observations of bull muskoxen crossing glaciers (Taylor 2005)” (Gunn et al. 2006:11).
Lastly, the conclusion that muskoxen are restricted to west Devon Island (MX/07) based upon preliminary analysis of location data requires review (n=6) and may be spurious.  The satellite collar information and analysis has also not been made available for review. 
c. Kitikmeot and Kivalliq Muskoxen populations (MX/10-MX/19):


Dumond (2006) states that:

“All mainland population boundaries are based on survey results and/or hunter reports and observations showing discontinuities in muskox distribution (e.g., low to nil densities, and/or geographic barriers)” (Dumond 2006:23).

However, for muskoxen on the mainland, Gunn states that 

“On the NWT mainland, the areas with muskoxen are more or less separated from each other by areas with few or no muskoxen (Fig. 1), a pattern which likely represents increase and dispersal of remnant populations.  Some “geographic populations” may show differences such as distribution of dental anomalies (Henrichsen 1982) or isoenzyme patterns (Cameron and Vyse 1979) which potentially could be used to identify those populations.  Even if such population characteristics could be identified, the continued expansion of the muskoxen might confound the maintenance of such characteristics.  If the mainland populations continue to expand, the definition of a population as a unit for determining harvests will become more important as there appears to be few geographic barriers east-west across the Barrens.” (Gunn 1984: 36).

Gunn indicates that muskoxen on the mainland have undergone and are continuing to expand across the mainland.  This is consistent with the biological literature in which one putative subspecies based on morphological characteristics has been identified for barren ground muskoxen - (Ovibos moschatus moschatus) (Rowell 1990).  Genetic information also suggests that there is only one lineage of muskoxen on the mainland and perhaps two lineages for the Arctic islands (DeGroot 2001:58).

i. MX/10 (Boothia Peninsula)

Dumond (2006) states that:

“Although musk oxen have likely re-colonized the Boothia Peninsula from Somerset Island, the Boothia Peninsula of Musk ox, MX/10 should be considered as a separate population considering the changing ice conditions and human activities on the Northwest Passage that is likely increasing the geographic barrier between Somerset and Boothia” (Dumond 2006:24).

Firstly, there is acknowledgement that muskoxen likely migrated to Boothia Peninsula.  Secondly, there is no information provided to qualify that either changing ice conditions or human activities are increasing the geographic barrier between Somerset and Boothia. Since muskoxen migrated to Boothia Peninsula in the past, it is plausible that muskoxen are capable of continued migration to the area.   
ii. MX/11 (King William Island)

Dumond (2006) states that:

“The King William Island population, MX 11, is considered a separate population based on the sea and sea ice barrier to the mainland effectively restricting reproductive exchange” (Dumond 2006:24).
There is no information or references that support the statement that the sea and sea ice form a barrier to the mainland. 

iii. MX/12 (Victoria Island)

Dumond (2006) states that:

“Arctic Island musk oxen differ genetically from mainland musk oxen (Van Coeverden de Groot 2001) therefore we recommend to separate Victoria Island musk oxen from mainland musk oxen” (Dumond 2006: 24).

As indicated above, recent genetic information suggests that there are three genetic clusters of muskoxen – one on the mainland and two lineages for the Arctic islands (Van Coeverden de Groot 2001:58).  However, the genetic information also suggests that there is no differentiation between MX/12 and other arctic island muskoxen that comprise a lineage of arctic island muskoxen – the Southern Arctic Island (SAI) lineage (Van Coeverden de Groot 2001: 58).    

It should be noted that the document also forwards another novel approach to delineating populations. 
“We do not know if the musk oxen on Victoria Island constitute one or several populations.  However, considering the high musk oxen densities on the island, there is at this point no conservation issue and therefore we recommend treating the whole island as one population” (Dumond 2006:24).
iv. MX/13 (Western Coppermine)

Dumond 2006 states that:

“The Western Kitikmeot Population of Musk ox, MX/13, population dynamic is considerably different than that of MX14 which justifies the treatment of these two populations as separate populations.  The stagnating low densities of musk oxen in MX/13 compared to high densities on the east side of the Coppermine (MX/14) seem to indicate that there is little movement from MX14 to MX13.”

Firstly, there is no rationale provided to explicate why different population dynamics (parameters are not clarified) would provide justification for delineation of separate populations.  Secondly, there is no population estimate provided for MX/13.  Thirdly, there are no results, analysis and discussion of the population dynamics of MX/13 and MX/14.  There is no information provided to explicate the conclusion drawn that low densities represent a break in reproductive exchange.  There are multiple hypotheses that could explicate the observations in density differences between the two areas.  For example, MX/14 could be a source population that provides emigrants to MX/13; MX/14 could be an area with better muskoxen habitat and/or MX/13 is an area with poor muskoxen habitat in which there is a gradient of muskoxen density through the geographical area.  It is most likely a combination of multiple factors that requires further investigation.

Secondly, Dumond states that:

“Moreover, a reason for the decline of the musk ox population in MX12 is likely the presence of a parasite (Umingmakstrongylus pallikuukensis).  The absence of reports of this parasite by local hunters on the east side of Coppermine (MX/14) further indicates that movements from MX13 to MX14 are extremely limited or nil” (Dumond 2006:24).

Assuming that the author meant to indicate MX/13 instead of MX/12, this information is quite important and useful.  However, because there is no information or references provided to support the statement, the statement is unqualified. There could be multiple hypotheses to explicate the lack of reporting of the parasite on the east side of the Coppermine.  For example, the parasite could be more noticeable at lower densities of muskoxen.  Hunters could be selecting muskoxen that do not carry the parasite on the east side of the Coppermine.   Again, it is likely valuable to investigate these observations and to test these hypotheses.    

v. MX/14 (The Central Mainland), MX/15 (Queen Maud Gulf)

Dumond (2006) states that:

“The Central Mainland population, MX/14, has its western boundary following the Coppermine River that according to IQ represents a strong geographic barrier year round due to Rivers uncertain ice conditions and cliff like banks along is [sic] length… According to Dumond (in prep) in addition to the geographic barrier poised [sic] by this watershed, densities along the north and northwestern portions of this boundary are extremely low to nil suggesting a break in reproductive exchange thus justifying a separate population” (Dumond 2006: 24); and

“The MX/15 western boundary with the MX/16 population is drawn based on moderate densities to the west of the boundary and very low to nil densities to the east suggesting restricted movements of animals between the populations” (Dumond 2006:24).
There is no reference provided for IQ that supports that the delineation of MX/14.  Secondly, there is no information or reference provided to explicate the conclusion drawn that low densities represent a break in reproductive exchange.  Thirdly, as mentioned above, Gunn indicates that: 
“…areas with muskoxen are more or less separated from each other by areas with few or no muskoxen (Fig. 1), a pattern which likely represents increase and dispersal of remnant populations… If the mainland populations continue to expand, the definition of a population as a unit for determining harvests will become more important as there appears to be few geographic barriers east-west across the Barrens.” (Gunn 1984: 36).

vi. MX/16 (Eastern Mainland)

The DoE (2006) document states:

“The Eastern Mainland Population, MX/16, shares its southern boundary with MX/17 running west through Wager where survey observations recorded extremely low to nil densities of musk ox along its length up to its confluence with the Back River (Campbell and Setterington, 2003).  MX/16s northern boundary is drawn just north of Taloyoak separating zero densities to the south from low to moderate densities north of the boundary (Campbell and Setterington 2003, Dumond in prep)…Within this population extremely low densities of musk oxen exist mainly along its south western and northern most boundaries (Campbell and Setterington, 2003, Dumond 2006) (DoE 2006: 7).

There is no information or analysis provided to explicate the conclusion drawn that changing densities represent a break in reproductive exchange.  As cited above, Gunn indicates that areas with few or no muskoxen separate muskoxen from each other and that this likely represents increase and dispersal of remnant populations.  This implies that these are expanding populations in which muskoxen are migrating from other areas.   
vii. MX/17 (Eastern Mainland) & MX 18 (Southern Kivalliq)
The DoE (2006) document reinforces the theme that these populations have experienced expansion and may be continuing to expand:

“The Eastern Mainland Population of musk ox, MX/17, is thought to have been largely from the west and North West.  Some movement out of the Thelon Game Sanctuary was also indicated in historic reports though the extent of this movement is unclear and occurred over a long period of time (Barr, 1991)” (DoE 2006:  7)


However, the document also states that: 

“The north eastern boundary of MX/17 running west through Wager Bay was drawn based on extremely low to nil densities of musk ox recorded along its length up to its confluence with the Back River (Campbell and Setterington, 2003).  This boundary separates it from the MX/16 population.  Directly north of the MX/17 boundary and its confluence with the Back River, musk ox densities increase in a northward progression as you proceed closer to Committee Bay.  Northeast of this confluence musk ox densities drop off entirely (Campbell and Setterington, 2003).  To the northwest of MX/17 a boundary is drawn along the course of the Back River to its confluence with the boundary of the Thelon Sanctuary separating it from the MX/15 geographically given the musk oxen’s reluctance to cross major river systems during the reproductive seasons.  Research findings and the available literature support the identification of this population as being reproductively isolated from adjacent populations.  These findings support the suggestion that this population is reproductively isolated” (DoE 2006:7)

and

“The Southern Kivalliq Population of Musk ox, MX/18 is bounded in the south and west by the Nunavut border with Manitoba and the Nunavut/NWT border up until it contacts the Dubawnt River/Thelon Game Sanctuary boundary.  The northern boundary separating MX/18 from MX/17 separates two distinct populations based on a zone of no to extremely low densities of musk ox present along this entire boundary effectively restricting reproductive exchange (Campbell and Setterington, 2003)” (DoE 2006:8).

There is no information or analysis provided to explicate the conclusion drawn that a change in density represents a break in reproductive exchange.  Secondly, there is no evidence provided to support the statement that muskoxen refuse to cross major river systems during reproductive seasons.  Lastly, “the research findings and available literature” used to support the identification of this population as being reproductively isolated is not cited.

viii. MX/19 (Thelon Game Sanctuary)

The GN document identifies MX/19 as a management zone.  It also identifies geographic barriers and density differences to delineate this population.  Lastly, it identifies that there is reproductive flow outside of this unit.  While it is suggested that this exchange is extremely low, there is no analysis to conclude that it is a closed demographic unit.

“Musk ox management zone 15 [sic] encompasses the Thelon Game Sanctuary.  The population is bordered to the southeast and east by the Dubawnt River forming a geographic barrier to musk ox movements during the calving and rutting periods on most years.  The northern boundary of this population showed zero densities between it and the MX/14 population.  The available information suggests that reproductive flow outside of the sanctuary boundary is extremely low thus supporting its designation as a population” (DoE 2006:8).  

d. Summary

Firstly, Gunn et al. (2006) have indicated that there was migration between certain high arctic populations. Gunn also describes the nature of muskoxen populations on the mainland as expanding from remnant populations. In addition, due to severe weather events, ungulate species such as muskoxen most likely move to other areas under distressed conditions.  All such movement contributes to the hypothesis that muskoxen in the high arctic and muskoxen on the mainland may constitute metapopulations.  The structure of metapopulations varies among species. In some species one population may be particularly stable over time and act as the source of recruits into other, less stable populations.  These local populations do not satisfy the DoE definition of a closed demographic population. In other species, metapopulations may have a shifting source. Any one local population may temporarily be the stable source population that provides recruits to the more unstable surrounding populations. Overall, the population ecology and dynamics of muskoxen may be a complex result of their genetic structure, the life histories of the individuals, fluctuations in the carrying capacity of the environment, the relative influences of density-dependent and density-independent factors that limit population growth, the spatial distribution of individuals, and the pattern of movement between populations. 
Secondly, due to the high abundance and density of muskoxen in certain geographical areas, and that muskoxen may experience severe fluctuations in numbers stimulated by periodic extremes of weather, imbalances in herbivore-plant and predator-prey relationships and disease, it is important to consider and to identify realistic management objectives that will contribute to the long term conservation of muskoxen.  For example, due to a lack of genetic diversity within the species in Nunavut, muskoxen could be vulnerable to factors such as rapid climate change, parasites, and disease. Due to a lack of comprehension of the nature of muskoxen populations in Nunavut, the lack of consultation with affected Inuit and hunters with respect to shared management objectives, and the lack of a working management plan, the proposed TAHs and NQLs require further examination and work.
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