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Telemetry data base


-- Covers the time period from March 1987 – April 2006


-- 8,702 locations


-- Animals with <1 year in the ecosystem were not included in the analysis


-- 6,155 useable locations from 72 individuals

Take Home Message:  The strength of the database is in the long-term monitoring aspect.  It is not in the number or locations per individual.  The database covers varying environmental conditions, making it robust for general tendencies.  Animals with <1 year in the ecosystem were not used because of their tendency to wander more than others.
Definition of seasons
Seasons were determined by an analysis of changes in elevation by radiocollared caribou.  Five seasons were identified: Spring, Summer, Early Winter, Late Winter, and Calving.  Calving is only applicable to adult females and overlaps with other seasons.  We used the 4 primary seasons for our analysis.
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Seasonal periods are as follows:

Spring: 
April 20 – July 7

Summer: 
July 8 – October 16


Early Winter: 
October 17 – January 18


Late Winter: 
January 19 – April 20

Take Home Message:  These seasonal breaks are different than those previously used in the Selkirks.  However, this technique is more statistically defined and is comparable to caribou populations in Canada.
INTRA-SEASONAL MOVEMENT ANALYSIS
Caribou movements within a season

Site Fidelity
We tested for site fidelity to see if caribou are predictable in their seasonal use of areas.  That is, if an area is used during a season one year is there a likelihood the area would be used again next year.  If there is no site fidelity movements would be random.

Methods  We calculated annual seasonal homeranges for individual caribou.  A minimum convex polygon method was used because of the small number of locations per animal per year, especially in the winter months.  We analyzed site fidelity using an Animal Movements Extension in the ArcView GIS program.  This was a random-walk method that generated random movements from the geometric center of the homeranges and compared it to the observed locations.  It determined if the observed movements were underdispersed relative to the random movements, implying site fidelity, or overdispersed, implying no seasonal site fidelity from year to year.
Results  Caribou showed significant site fidelity in all seasons.  In all seasons, 75-88% of the pair-wise comparisons showed seasonal site fidelity.
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Take Home Message: Caribou exhibit seasonal site fidelity.  That is, they are somewhat predictable in their seasonal areas of use.  If an area was used in the past it is likely that it will be used in the future.

COMPARISON OF INTRA- AND INTER-SEASONAL MOVEMENTS

What is the appropriate data set on which to attempt to identify movement corridors?  Intuitively, movements between seasons (inter-seasonal movements) are when long distance movements would be observed, and hence, the appropriate data set to use when attempting to identify movement corridors.  However, this is an untested assumption.  

Method  We calculated the distance between arithmetic centers of successive seasons for individual caribou (e.g., spring to summer, summer to early winter, etc).  We also calculated the total distance caribou moved within a season by determining the distance between successive telemetry points within a season and adding up these line segments.  We then used an ANOVA technique to test whether there were differences among these groups.

Results  There was a significant difference between intra-and inter-seasonal distances.  In all cases, inter-seasonal movement distances were greater than any intra-seasonal distance.  This test is conservative because it adds up the line segments of intra-seasonal movements as if the caribou moved in a linear fashion.  It also calculated inter-seasonal distances as a straight line.
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Figure 3. Running 3-week mean elevations used by radiocollared mountain caribou in the South Selkirk
Ecosystem, Idaho, Washington, and British Columbia, 1987-2004.




Take Home Message:  The data set containing movements between seasons (inter-seasonal movements) is the appropriate data set on which to examine movement corridors.

INTER-SEASONAL MOVEMENT ANALYSIS
Caribou movements between seasons

Movements between seasons
We examined movements between successive seasons.  We asked the question: Is there a time during the year when caribou move longer distances between seasons, and if so, what is the timing of those longer movements?
Methods  We calculated the arithmetic center of the seasonal home range of a caribou and calculated the distance to the arithmetic center of the successive seasonal home range.  We then compared inter-seasonal distances using an ANOVA approach.
Results  There is no statistical evidence indicating that the average distance moved between seasons is different among seasons (F=1.11, df=3, p=0.34).  
INTER-SEASONAL MOVEMENTS
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Take Home Message:  There is no indication that movements from one particular season to the next are, on average, any greater or less than movements between any other seasons.  If we can identify movement corridors they should be maintained for all inter-seasonal periods.
Long distance movements between seasons  
Although there was no difference in the average distance moved between seasons (see above section), the variance of the data may mask significant long distance movements within one or more inter-seasonal periods.  Any such long distance movements may be important in recolonization or in maintaining gene flow throughout the ecosystem.
We therefore examined long distance movements between seasons.  We defined “long distance” in terms of potential movements from areas of caribou activity to other areas of caribou activity or from areas of activity to areas of good quality habitat that received little caribou use.  Based on this logic and by looking at habitat quality maps, we classified any movement over 20 km as a “long distance” move.  This distance was somewhat subjective but based on caribou locations and seasonal habitat quality.
Methods  Methods were similar to the previous analysis (movement between seasons) but we restricted this analysis to include only moves that were greater than 20 km.  We were testing whether long-distance caribou movements in any particular inter-seasonal period were statistically different than in any other inter-seasonal period.

Results  We found no evidence indicating long-distance movements (>20km) occurred in any certain inter-seasonal period (F=0.65, df=3, p=0.58).  
INTER-SEASONAL LONG DISTANCE MOVEMENTS (>20km)
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Take Home Message:  There is no indication that long distance movements occur more in any time period.  Long distance movements are uniformly distributed throughout the year. If we can identify movement corridors they should be maintained for all inter-seasonal periods.
IDENTIFICATION OF MOVEMENT CORRIDORS
The identification of movement corridors is important in maintaining the long term health of the Selkirk ecosystem.  In this analysis we are focusing on woodland caribou, but the identification of movement corridors will likely benefit a wide variety of wildlife species.

We obtained seasonal habitat quality maps that were generated as a result of caribou habitat modeling done by Trevor Kinley and Clayton Apps.  This work was done under contract from the Idaho Department of Lands and completed in 2005.  A report detailing a portion of their work is available as “Caribou Habitat Modeling for the South Selkirk Ecosystem Including Habitat Assessments for the Priest Lake Endowment Lands.”  
Kinley and Apps used telemetry data and GIS-based mapping of vegetation and terrain to apply multivariate techniques to identify combinations of variables that best described and predicted habitat selection for each season.  Seasonal maps were generated depicting the probability of use by caribou.
Methods  We used a program called “CorridorDesigner” to model possible movement corridors between the arithmetic centers of successive seasonal home ranges.  CorridorDesigner identifies pathways based on “resistance” as inferred from habitat probability maps.  Resistance is defined as the inverse of habitat suitability (probability of use) and the software identifies the corridor with the lowest possible cumulative resistance from one terminus to the next.  
We made two runs for each set of seasonal home range centers.  For example, to predict possible movement corridors between Spring and Summer home range centers we ran CorridorDesigner using both Spring and Summer habitat quality maps.  The results were then combined into one pathway.  This was done because our delineation of seasons is somewhat arbitrary and habitat conditions will vary across years.  By including both seasons in our mapping we accommodate this seasonal variation. 

We developed seasonal movement corridor maps by layering all the possible pathways for each season onto one GIS layer.  We then used a GIS classification routine to visually depict the most likely movement corridors.

We also developed an “all-season” movement corridor map by combining the seasonal corridor maps and using the GIS classification routine to identify areas with the highest probability of use throughout the year.

METHODS / RESULTS / TAKE HOME MESSAGE:    IN PROGRESS
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