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ABSTRACT 
 
This report analyzed and synthesized local ecological knowledge data on caribou provided 
by harvesters from eight Arctic communities across the range of the Porcupine caribou 
herd, Mackenzie Delta, and adjacent marine areas during 2001-2015. Arctic Borderlands 
Ecological Knowledge Coop has been conducting these interviews, with the first summary 
reported for 2001-2007 (Russell et al. 2013). Here, an update is reported to assess (1) 
whether harvesters continued to meet their annual subsistence needs; (2) annual variation 
in seasonal body condition; (3) annual variation in seasonal body size; and (4) annual 
variation in seasonal relative abundance of caribou. Harvesters generally met subsistence 
needs 8 of 14 years (57%) with no observable trend. Respondents also commented that 
body condition was typically better than average latter in the decade compared to those in 
the early 2000s. This breakpoint coincides at approximately the time when photo-census 
surveys indicated high Porcupine caribou numbers. Two new survey questions related to 
body size and relative abundance had limited data, but patterns suggested that harvesters, 
on average, reported caribou to be fit than average and less/same caribou observed than in 
other years. It is recommended that interviews continue to obtain minimum 10 years data 
to analyze trend.    
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INTRODUCTION 
 

Community-based monitoring is becoming popular among natural resource managers, 
particularly in northern Canada where comprehensive claim settlements call for 
integration of local ecological knowledge (LEK) with other sources of knowledge (Usher 
2000). LEK is a multigenerational knowledge accumulated through close and continuous 
contact with the environment (Usher 2000). This knowledge is a holistic view of the 
surroundings that takes into account the interactions between people, plants, and animals. 
LEK as defined above is thus not limited by age or heritage to aboriginal persons.  
 
Few community based monitoring programs are long-term, and thus, do not have LEK 
readily available for integration into research and monitoring. Arctic Borderlands 
Ecological Knowledge (ABEK) Coop is such an organization whose goals is to (1) monitor 
and assess ecosystem changes in the range of the Porcupine caribou herd and adjacent 
coastal and marine areas; (2) encourage use of both science-based studies and studies 
based on local and traditional knowledge in ecological monitoring and ecosystem  
management; (3) improve communications and understanding among governments, 
aboriginal and non-aboriginal communities, and scientists with regard to ecosystem 
knowledge and management; and (4) foster capacity-building and training opportunities in 
northern communities in the context of the above-listed goals (Arctic Borderlands 
Ecological Knowledge Coop 2016). Although the Coop has collected and maintained this 
long-term data, few products have come out of it (e.g., Robinson and Nguyen 2011; Russell 
et al. 2013).  
 
Here, an update is reported to assess (1) whether harvesters continued to meet their 
annual subsistence needs; (2) annual variation in seasonal body condition; (3) annual 
variation in seasonal body size; and (4) annual variation in seasonal relative abundance of 
caribou for LEK data spanning 2001-2015.  
 
 
METHODS 
  
Survey design  
 
Since 1996, Arctic Borderland Ecological Knowledge (ABEK) Coop has gathered local 
ecological knowledge by interviewing harvesters in different Arctic communities across the 
range of the Porcupine caribou herd, Mackenzie Delta, and adjacent marine areas (Figure 
1). In the beginning, interviews focused on the communities of Aklavik and Fort 
McPherson, Northwest Territories and Old Crow, Yukon Territory. Today, standardized 
interviews are conducted across eight communities spanning the Northwest Territories, 
Yukon Territory, and Alaska.  
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Figure 1. Map of the eight Arctic communities where the Arctic Borderlands Ecological 
Knowledge Coop gathers local ecological knowledge. 
 
 
Each community had a locally trained monitor who administered the survey to harvesters 
(Table 1). The Coop trained the monitor, typically an individual recommended by the 
Renewable Resource Council and/or Hunters and Trappers Committee, to standardize data 
collection across the Arctic communities for spatial and temporal comparison. The 
selection of interviewees was deliberately nonrandom to focus on harvesters who had the 
most experience on the land during different seasons. Although details of all interviewees 
are recorded in a database, they remain anonymous when accessing this data to ensure 
confidentiality.  
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Table 1. Number of interviews across eight Arctic communities gathered by Arctic Borderlands Ecological Knowledge Coop 

during 2001-2015. 

 
Year 

 
Aklavik 

Arctic 
Village 

Fort 
MacPherson Inuvik Kaktovik Old Crow Tsiigehtchic Tuktoyaktuk 

2001 42 14 20  8 21   
2002 36 15 20   20   
2003 26 20 20 35  19 20 20 
2004 40 20 20   20 20 16 
2005 40 20 20 20  20  20 
2006 32 30 20 30  20 20 20 
2007 25 20 15 24  15 15 13 
2008 19 18 15 21  13 15  
2009         
2010 31 14 20 17  16 20 20 
2011 27 4 20 33  20 20 20 
2012 40 19 20 39  17 20 20 
2013 40 20 20 40  19 20 20 
2014 40 20 20 21  20 20 20 
2015 40  19 40  20  11 



5  

Survey questions  
 
Although the Coop tried to keep the survey relatively consistent over the past years, 
interview questions were added or dropped. Consequently, data for some questions were 
limited to a few years. All interviewees were questioned on the same topics (Arctic 
Borderlands Ecological Knowledge Coop 2016), although our interest was on caribou for 
this report.  
 
This report is an update to caribou observations reported by Russell et al. (2013). 
Consequently, this report focused on five questions with interviewees’ response broken 
into two or three pre-determined responses: 

 Did you hunt? (yes or no) 
o Interviewees were asked whether they hunted over the years. 

 Did you meet your needs? (yes or no) 
o Interviewees rated whether the caribou hunt met their annual subsistence 

needs.  
 Body condition? (poor, average, or good)  

o Interviewees originally rated the body condition of caribou for each season 
into one of five categories: (1) poor, (2) fair, (3) mixed, (4) good, and (5) 
excellent. These pre-determined responses were reclassified into three 
responses after 2010: (1) poor (poor & fair), (2) average (mixed), and (3) 
good (good & excellent).  

 Body size? (poor, average, or good) 
o Since 2010, interviewees rated the size of caribou for each season into one of 

four categories: (1) fat, (2) fair, (3) skinny/lean, and (4) muscular/fit/strong. 
These pre-determined responses were reclassified into three responses: (1) 
lean (skinny/lean), (2) average (fair), and (3) fit (fat & muscular/fit/strong). 

 Relative abundance? (less, same, or more) 
o Since 2010, interviewees estimated relative abundance of caribou (bulls, 

cows, and calves) for each season. 
 
 
Statistical analyses 
 
The Coop focused on harvesters who had the most experience on the land, and 62-89% of 
these harvesters annually hunted during 2001-2015 (n = 66-159; Figure 2). The next 
question whether caribou hunters met their annual subsistence needs was analyzed by 
calculating the 95% confidence limits using the exact binomial distribution in Excel 
software (McDonald 2014). If the assumption is that hunters have an equal chance of 
meeting subsistence needs or not, then confidence limits should include 50% (i.e., 
subsistence needs are met when confidence limits of hunters are greater than this 
threshold). Past caribou analyses (e.g., Robinson and Nguyen 2011; Russell et al. 2013) 
have not incorporated confidence limits, which express the reliability of an estimate of the 
mean (McDonald 2014), and thus allowing biologists and managers to better evaluate local 
knowledge.   
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Figure 2. The percentage of harvesters who hunted during 2001-2015. 
 
 
For other questions related to caribou body condition, size, and relative abundance, an 
annual index of values was calculated by multiplying the number of responses in each pre-
determined class and an arbitrary score of 1 (poor, lean, or less), 2 (average or same), and 
3 (good, fit, or more). This index was similar to Russell et al. (2013), where an arbitrary 
score was assigned to each pre-determined response. The difference with this index was 
that annual values were averaged by the total number of responses in that given year so 
values ranged between 1 and 3. Next, the challenge was to calculate 95% confidence limits 
to estimate the reliability of indices using relatively low respondents, which often yields 
wider and more variable confidence limits (McDonald 2014). Consequently, original pre-
determined responses by harvesters were randomly sampled with replacement 1000 times 
to calculate bootstrapped 95% confidence limits in Excel software (Bowles 2014). If the 
assumption is that caribou body condition, size, and relative abundance do not differ 
amongst years, then these bootstrapped confidence limits should include 2 (i.e., caribou 
anomalies occur when annual confidence limits are greater/less than this threshold).  
 
Unfortunately, questions like body size and relative abundance of caribou were recently 
introduced to surveys in 2010 so not many caribou indicators had long-term data (≥10 



7  

years) to analyze trend. Russell et al. (2013) assumed a linear trend when they reported 
correlations; however, this assumption may be incorrect with long-term data where two 
segments may be separated by a breakpoint (Oosterbaan 2016). This breakpoint can be 
interpreted as a critical or threshold value beyond which (un)desired effects occur, and 
thus, can be important in decision making (Oosterbaan 2016). Both linear, and segmented 
regressions were used to analyze trends in (1) whether hunters met annual subsistence 
needs, and (2) whether hunters observed seasonal changes in caribou body condition over 
time in SegReg software (Oosterbaan 2016). Statistical significance was set at α = 0.05.  
 
 
RESULTS 
  
The number of annual surveys ranged between 91 and 179 during 2001-2015 (Table 1). No 
surveys were conducted in 2009 to complete a survey redesign in collaboration with 
program partners and decision making bodies (M.Y. Svoboda, personal communication). Of 
the number of harvesters that hunted (n = 66-159), they met their subsistence needs for 8 
of 14 years (57%; Figure 3). Approximately 43-82% of harvesters met their annual 
subsistence needs during 2001-2015 (Figure 3a). Overall, no trend was observable in the 
responses by harvesters for subsistence needs being met (F1, 12 = 0.18, P = 0.68, R2 = 0.02; 
Figure 3b).  
 

  
(a) Subsistence needs are met when 95% 

confidence limits are greater than 50% 
threshold (red line). 

(b) Linear regression with no breakpoint. 

 
Figure 3. The percentage of caribou harvesters that met their subsistence needs during 
2001-2015.  
 
 
The number of harvesters that rated caribou body condition varied amongst seasons: 
spring (n = 33-80), summer (n = 24-44), fall (n = 32-93), and winter (n = 28-60). In spring, 
caribou body condition was rated good 4 of 14 years (29%), average 8 of 14 years (57%),  
and poor 2 of 14 years (14%; Figure 4). Segmented, linear regression indicated two 
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segments in the data with a breakpoint at 2007 (F2, 11 = 5.20, P = 0.026, R2 = 0.63; Figure 
5a). Harvesters, on average, rated caribou body condition better than average after 2007, 
whereas harvesters tended to rate body condition as average in the early 2000s (Figures 4 
and 5a). Overall, no trend was observable in the responses by harvesters. Six years of data 
was available in summer, with harvesters indicating that body condition was good 4 of 6 
years (67%) and average for other years (33%; Figure 4).  
 

 
Figure 4. Seasonal body condition index (1 = poor, 2 = average, 3 = good) of caribou during 
2001-2015. Harvesters responded that body condition is better/poorer than average when 
bootstrapped 95% confidence limits did not include this threshold (red line). 
 
 
In fall, caribou body condition was rated good 9 of 14 years (64%), and average for other 
years (36%; Figure 4). Segmented, linear regression indicated two segments in the data 
with a breakpoint at 2010 (F3, 10 = 4.60, P = 0.029, R2 = 0.60; Figure 5b). Harvesters, on 
average, rated caribou body condition better than average after 2010 with no observable 
trend. In contrast, more harvesters continued to rate body condition better than average in 
the early 2000s (Figures 4 and 5b).   
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(a) Spring 

 

  
(b) Fall (c) Winter 

 
Figure 5. Segmented, linear regression illustrates trend in seasonal body condition index (1 
= poor, 2 = average, 3 = good) of caribou during 2001-2015. Insufficient summer data was 
available. 
 
 
In winter, caribou body condition was rated good 10 of 14 years (71%), and average for 
other years (29%; Figure 4). Segmented, linear regression indicated two segments in the 
data with a breakpoint at 2008 (F4, 9 = 4.42, P = 0.030, R2 = 0.17; Figure 5c). Harvesters, on 
average, rated caribou body condition better than average after 2008 with no observable 
trend. In contrast, harvesters rated a decline in body condition from good to average in the 
early 2000s (Figures 4 and 5c). 
 
The number of harvesters that rated caribou body size varied amongst seasons: spring (n = 
31-67), summer (n = 26-33), fall (n = 67-95), and winter (n = 27-60). In spring, harvesters 
rated caribou body size as fit during 2010-2013 (67%), and as average for other years 
(33%; Figure 6). In contrast, harvesters rated body size in summers as average more often 
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(67%) than as fit (33%; Figure 6). In both fall and winter, harvesters tended to indicate that 
caribou body size was fit during 2010-2015 (Figure 6).  
 

 
Figure 6. Seasonal body size index (1 = lean, 2 = average, 3 = fit) of caribou during 2001-
2015. Harvesters responded that body size was better than average when bootstrapped 
95% confidence limits did not include this threshold (red line). 
 
 
The number of harvesters that rated relative abundance of bulls varied amongst seasons: 
spring (n = 57-88), summer (n = 25-70), fall (n = 68-112), and winter (n = 45-88). 
Harvesters often responded that relative abundance of bulls as less or as same than in 
other  years for all seasons, except twice in fall when harvesters observed more bulls in fall 
2013 and 2015 (Figure 7a). The number of harvesters that rated relative abundance of 
cows varied amongst seasons: spring (n = 54-83), summer (n = 23-67), fall (n = 63-106), 
and winter (n = 47-87). Harvesters often responded that relative abundance of cows as less 
or as same than in other  years for all seasons, except once in fall when harvesters observed 
more cows in fall 2015 (Figure 7b). The number of harvesters that rated relative 
abundance of calves varied amongst seasons: spring (n = 39-78), summer (n = 19-70), fall 
(n = 49-98), and winter (n = 40-66). Harvesters often responded that relative abundance of 
calves as less or as same than in other years for all seasons (Figure 7c).   
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(a) Bulls 

 

  
(b) Cows (c) Calves 

 
Figure 7. Seasonal abundance index (1 = less, 2 = same, 3 = more) of caribou bulls, cows, 
and calves during 2001-2015. Harvesters responded that relative abundance was 
less/more than same when bootstrapped 95% confidence limits did not include this 
threshold (red line). 
 
 
DISCUSSION 
 
This report analyzed and synthesized 14-years of LEK data on caribou provided by 
harvesters from eight Arctic communities across the range of the Porcupine caribou herd, 
Mackenzie Delta, and adjacent marine areas, and should be considered an update to Russell 
et al. (2013). During the period when aerial photo-census surveys to determine population 
estimates of the Porcupine caribou herd were ineffective, LEK of indigenous people often 
reported body condition as average. However, harvesters tended to report body condition 
as better than average in the latter decade, when photo-census surveys indicated 
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population growth (Porcupine Caribou Management Board 2016). The use of confidence 
limits allow biologists and managers to identify years when harvesters may report 
anomalies in caribou indicators (e.g., body condition, size, and relative abundance) to 
follow up. It is often the case where data are insufficient to develop a trend (i.e., ≥10 years), 
such as those responses for body size and relative abundance, so confidence limits allow us 
to see potential patterns.  
 
The use of segmented, linear regression best illustrated how responses may differ after a 
breakpoint. Here, harvesters generally rated body condition as better than average in the 
latter part of the decade in comparison to the early 2000s. This coincides at approximately 
the time when photo-census surveys indicated high porcupine caribou numbers. It is 
recommended that interviews continue to obtain minimum 10 years data to analyze trend.   
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