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Non-technical summary of the project: 
 
The Mackenzie Delta Region, NT, is one of the most important areas in North America for ducks, geese, and swans. 
This area is presently being developed for its oil and gas reserves, and has experienced a significant warming trend 
in recent years. To more fully understand how industrial development and potential climate change are affecting this 
important wetland area, this study is establishing baseline information on the numbers and productivity of tundra 
swans in the region. These data will be collected again in future years by supporting agencies to assess the impact of 
such environmental stressors in the Mackenzie Delta. In addition, this study will fill a knowledge gap concerning the 
breeding biology and habitat use of tundra swans in the delta. This study is in its second year and takes place in both 
Inuvialuit and Gwich’in land claim areas. The objectives of the study are to: (1) establish monitoring plots for tundra 
swans at “control, or, sites not affected by development” and “development” sites that can be used for evaluating the 
cumulative impact of industrial development, climate change, and other environmental stress in the Mackenzie 
Delta; (2) document Inuvialuit and Gwich’in local knowledge of the distribution, abundance, and biology of tundra 
swans; (3) assess the breeding ecology of tundra swans at a number of “control” and “development” sites in the 
Mackenzie Delta; and (4) evaluate and summarize existing data to determine the probable effects that climate 
change will have on the productivity and population size of tundra swans. Study results will provide valuable 
scientific and traditional knowledge on the breeding habits of tundra swans to help communities and wildlife 
agencies make decisions about future environmental impacts on important breeding areas for ducks, geese, and 
swans in the Mackenzie Delta region. 
 
 
BACKGROUND 
 
The Mackenzie Delta of the Northwest Territories is one of the eminent wetland areas of North America and among 
the most important breeding areas for ducks, geese, and swans on the continent. The delta region, including the 
nearby portions of Beaufort Sea, is also known for its outstanding oil and natural gas potential. Oil and gas 
exploration, which will ultimately lead to operational wells, a major pipeline, and numerous smaller feeder pipelines 
throughout the delta, is now under way. The development of the major gas fields in the region and related human 
activities have significant potential to cause long term degradation to Mackenzie Delta ecosystem. Aquatic birds 
would be perhaps the most vulnerable component of the ecosystem. 

Two aboriginal groups, the Gwich’in and Inuvialuit, have settled land claim areas in the Mackenzie Delta and 
surrounding parts of the Western Canadian Arctic. Both groups depend heavily on the subsistence harvest of 
wildlife, consider waterfowl to be an important seasonal food source, and waterfowl hunting as a vital aspect of their 
cultures. Conservation of wildlife and natural ecosystems is a dominant principle underlying both the Gwich’in and 
Inuvialuit land claim agreements. 
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Disturbance by human activities, habitat degradation due to development, and changing climate have 
tremendous potential to impact the ecosystems of the Mackenzie Delta in general, and the migratory bird 
populations of the area in particular. Of the 20 or so species of aquatic birds that occur commonly throughout the 
Mackenzie Delta, tundra swans (Cygnus columbianus) are probably the best “indicator” species for monitoring the 
well-being of the environment. Tundra swans are widely distributed across the landscape in the Mackenzie Delta 
Region (J. Hines unpubl. data), and their populations and productivity can be easily monitored through aerial 
surveys (King 1973, Spindler & Hall 1991). Tundra swans are sensitive to disturbance (Scott 1977; Hawkins 1986; 
Murphy et al. 1990) and their reproductive success is closely linked also to prevailing weather conditions on the 
breeding grounds (Lensink 1973, Spindler & Hall 1991). Thus, the cumulative impacts of industrial development 
and climate change in the Mackenzie Delta Region can be carefully and cost-effectively evaluated by monitoring the 
populations and productivity of swans in relation to these and other stressors. 

On a broader scale, the Mackenzie Delta Region is arguably the most important breeding area for Tundra 
Swans in North America. Approximately one-third of the Eastern Population of Tundra Swans (more than half of 
the tundra swans in Canada) breed in the region. The continental population of tundra swans is small compared to 
most other waterfowl, and this species has low productivity and needs to be long-lived to maintain populations. 
Thus, tundra swans are potentially susceptible to over-harvest at a continental level and would be additionally 
impacted by oil/gas development. 
 
OBJECTIVES 
 
Wildlife organizations created for the two land claim settlement regions, as well as the population of the region at 
large, are concerned about the effects that oil and gas development will have on the environment of the Mackenzie 
Delta, including the impacts that development will have on migratory birds. In addition, there is currently much 
concern over how climate change may affect the delta and its wildlife. Given the potential for using tundra swans as 
indicators of environmental health, this project will establish important baseline information for evaluating the 
cumulative impacts of industrial development and climate change on biodiversity and the renewable resources in the 
Mackenzie Delta Region. The study is taking place in both Inuvialuit and Gwich’in settlement areas, and has the 
following specific objectives: 
 
(1) Establish monitoring plots for tundra swans at “control” and “development” sites. Population sizes and 

productivity will be assessed on these plots in 2001 and 2002. Study plots will be revisited in future years by 
government biologists to evaluate the cumulative impact of industrial development, climate change, and other 
environmental stressors in the Mackenzie Delta. 

(2) Document Inuvialuit and Gwich’in local knowledge of the distribution, abundance, and biology of tundra swans. 
This information will fill gaps in the study, educate the researcher about the region, and will help generate future 
research questions based on local understanding. 

(3) Assess the reproductive ecology of tundra swans at a number of “control” and “development” sites in the 
Mackenzie Delta. These data will fill a knowledge gap concerning the basic reproductive biology and habitat use 
of swans in the delta. This baseline information will help identify cumulative impacts of industrial development 
and climate change when reproductive output on study plots is reassessed in future years. 

(4) Evaluate and synthesize existing data to determine the probable effects that climate change will have on the 
productivity and population size of tundra swans. Cohen (1997) identified the Mackenzie Basin as having a 
warming trend of 1.5ºC in the past century, with models predicting increases of 4-5ºC by the middle of the 21st 
century. By understanding how variation in weather affects the number and productivity of swans in the delta, 
we will be more informed as to the probable effects that global climate change may have on this and other 
species. Tundra swans are ideal study subjects for addressing this issue given that their reproductive success is 
highly dependent on climatic conditions (Lensink 1973, Spindler & Hall 1991). 

 
 
STUDY AREA 
 
The study area is approximately 25,000 km2 and includes a large part of the Mackenzie Delta (approximate location 
68°13'N and 134°00'W) and nearby mainland in the Northwest Territories (Figure 1). The region is dominated by 
two types of vegetation, tundra along the Beaufort Sea and taiga further inland (Martell 1984). The tundra landscape 
is low and flat to rolling. It is dotted with innumerable shallow lakes and ponds. Dominant plants include grasses 
and sedges (Carex spp.), lichens, low shrubs, willows (Salix spp.), and numerous species of herbaceous plants. Taiga 
consists of black spruce (Picea mariana) and white spruce (P. glauca), balsam poplar (Populus balsamifera), and 
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tamarack (Larix laricina) on higher ground. Willows and alders (Alnus spp.) predominate in low-lying areas. 
Politically, the Mackenzie Delta is divided into two settled land claims, the Gwich’in Settlement Area to the south, 
mostly below the tree line, and the Inuvialuit Settlement Region to the north, mostly above the tree line. Three 
communities fall within the study area: Inuvik, Aklavik, and Tuktoyaktuk. Fort McPherson and Tsiigehtichic are 
included in the study for the collection of local knowledge about tundra swans. Survey data from other studies in the 
Gwich’in Settlement Area will be evaluated where possible. 
 
METHODS 
 
Monitoring Plots 
 
Forty, 5 x 5 km (25 km2) plots were established in treatment (n=20) and control areas (n=20) in 2001 (Figure 1). 
Control plots were randomly selected whereas treatment plots were centered on existing camps, recent sites of 
intensive seismic exploration, and active or historical well sites. Complete counts of swans (which are highly visible 
from the air) were carried out by helicopter and fixed-winged aircraft (Lensink 1973, King 1973, Hines et al. 2000) 
during mid-June (early incubation) and mid-August (late brood-rearing). Total numbers of swans (flocked, paired 
and unpaired), nests, and number and size of broods produced in each plot were determined and, ultimately, results 
will be extrapolated to the entire treatment and control areas to determine cumulative impacts. Locations of 
individuals, pairs, nests, broods, and flocks were mapped and these data will be further evaluated using Arc View 
GIS software. 
 
Local Ecological Knowledge  
 
Individuals from each of the communities of Tsiigehtchic, Ft. McPherson, Inuvik, Aklavik, and Tuktoyaktuk are 
being interviewed for local knowledge of tundra swans. For this purpose, ethnographic methods using qualitative, 
open-ended interviews are being employed (Arctic Borderlands Ecological Knowledge Co-op 2000). Interview 
candidates are selected through consultation with local Hunters and Trappers Committees and Renewable Resource 
Committees. All interviews are recorded on tape and later transcribed and summarized. 
 
Reproductive Ecology 
 
Nesting biology is being studied by visiting a representative sample of nests by air or boat once before hatch and 
once after hatch. During the first visit clutch size, egg size and weight, and stage of incubation (Westerskov 1950) 
are recorded. Nests are then visited after hatch to determine nest success (Klett et al. 1986) or cause of nest loss 
(Sargeant et al. 1998). Determination of brood sizes, brood survival, and fledging success comes from the second 
aerial survey. Habitat descriptions at a sample of 30 nest sites and an equal or larger number of random sites located 
in the 5x5-km study plots will be recorded to assess habitat use and preferences (Thomas and Taylor 1990). The 
variables that will be measured include area of wetland, edge:area ratio, distance to nearest neighbouring wetlands, 
wetland type (Cowardin et al. 1985), and the percent cover of each vegetation type (Corns 1974) surrounding the 
nest site. Existing remotely sensed vegetation classifications, digitized 1:250 000 maps, and ArcView GIS software 
will be used for some analyses. 
 
Effects of weather and climate change on productivity and populations of swans 
 
Data on numbers and productivity of tundra swans provided by the Canadian Wildlife Service and United States 
Fish and Wildlife Service, and long-term climate data from Environment Canada, will be used to evaluate the effects 
of weather on productivity and population growth. Univariate statistical tests, multiple regression analysis, and 
related statistical procedures will be used to analyze three different data sets on swans: (1) long term productivity 
data collected on the wintering grounds of the Eastern Population of tundra swans (1950 to present); (2) information 
collected on breeding pairs and brood production in the Mackenzie Delta from 1974-76; and (3) additional 
information on breeding pairs and broods collected during 1990-93. Potential weather variables to include in 
analyses are daily temperatures, precipitation, snow cover, and ice out date. 
 
COMMUNITY INVOLVEMENT 
 
All four Gwich’in Communities will be involved through the delivery of traditional knowledge interviews, by 
participating as an interviewee, interviewer, or transcriber. 
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PRELIMARY RESULTS 2001 
 
Preliminary results from the 2001 field season are briefly described in the context of the 4 main objectives of the 
project: 
 
Objective 1: Establish long term monitoring plots at control and development sites 
 
Forty 5x5-km monitoring plots were established throughout the delta region. Twenty plots were randomly selected 
as controls and twenty are centered on existing camps, recent sites of intensive seismic exploration, and active or 
historical well sites. Some baseline data on abundance and productivity of tundra swans at control and development 
sites are presented in Tables 1 and 2. Aside from a large number of flocked “non-breeders” that occurred on one of 
the development plots and greatly influenced total counts, the number of swans and nests recorded at control and 
development sites was very similar (Table 1). Similar numbers of broods and young swans were produced on 
control and development sites in 2001 as well (Table 2). 
 
Spring in the Western Arctic came very late in 2001 and the delayed snow melt and ice break-up apparently resulted 
in low breeding effort and poor reproductive success for swans and other migratory birds. Based on the June aerial 
survey, we estimated that only 33% (86/260) of the pairs present on our study area attempted to nest, and only 26% 
of those nesting pairs actually succeeded in raising a brood. Overall, only 8% of the territorial pairs raised broods 
during the exceptionally delayed breeding season and young comprised <7% of the late summer population. 
 
Table 1. The number of tundra swans and their nests observed during aerial “breeding pair” surveys in the 

Mackenzie Delta Region, June 2001.  
 

Plot Type Number of 
Single or Paired 

Swans 

Number of 
Indicated Pairs 

Number of 
Flocked Adults 

Total Number 
of Swans 

Number of 
Nests 

Control 268 134 32 300 43 

Development 252 126 248 500 43 

Total 520 260 280 800 86 
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Table 2. The number of adults, broods, and young tundra swans observed during aerial  “productivity” surveys in 
the Mackenzie Delta Region, August 2001.  

 
Plot Type Number of 

Single or 
Paired Swans 

Number of 
Indicated 

Pairs 

Number of 
Broods 

Total 
Number of 

Young 

Number of 
Flocked 
Adults 

Total 
Number of 

Swans 
Control 172 86 11 24 90 286 

Development 174 87 11 28 303 505 

Total 346 173 22 52 393 791 

 
 
Objective 2: Document Inuvialuit and Gwich’in knowledge of tundra swans 
 
Nine local knowledge interviews were completed in the communities of Aklavik and Fort McPherson in 2001. In 
Fort McPherson, a local expert was hired to conduct the interviews and follow-up meetings will be completed in 
cooperation with the expert interviewer. In Aklavik, a local elder was hired to complete the interviews while the 
researcher did the recording. This method proved beneficial to both the researcher and the research assistant. Finally, 
one month was spent with a Gwich’in elder on the land during spring break-up to learn about the arrival of swans 
and other waterfowl in the Mackenzie Delta. A formal interview was also completed and the project was discussed 
with several Gwich’in hunters who passed through the camp. Data from all of the local knowledge interviews will 
be summarized once all the interviews in the remaining communities are completed in 2002. 
 
Objective 3: Assess reproductive ecology of tundra swans at “control” and “development” sites 
 
A sample of swan nests in both control and experimental plots were visited to collect more detailed information on 
nesting biology and habitat requirements. Most of these data are yet to be analyzed but preliminary results suggest 
that nesting success was very similar at the two types of plots (Table 3). The discrepancy between the average 
nesting success estimate (72%) and percent of nesting pairs that successfully raised broods (26%, see Table 2) 
deserves further attention as it suggests relatively high loss of broods during the summer. 
 
Table 3.  Nest success and average clutch size of tundra swans in the Mackenzie Delta Region, 2001.  

Plot Type Number of 
Successful Nests 

Number of Failed 
Nests 

Apparent Nest 
Success (%) 

Mean Clutch Size ± 
SE 

Control 16 5 76 2.9 ± 0.3 (n=13) 

Development 15 7 68 3.7 ± 0.3 (n=6) 

Total 31 12 72 3.2 ± 0.2 (n=19) 

 
Objective 4: Evaluate and synthesize existing data to determine the probable effects that climate change will have on 
the productivity and population size of tundra swans. 
 
Data from a number of weather stations within the breeding range of the Eastern Population of Tundra Swans have 
been obtained from Environment Canada as have productivity data of swans collected on the winter range of this 
population from 1950 until present. A multivariate analysis of the long-term productivity data and as well as shorter-
term data for the Mackenzie Delta Region will be carried out to evaluate the effects of weather variability and 
climate change on swans. 
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Discussion: 
 
All project objectives were met during the past year. Data collected during Scoter research in the Gwich’in 
Settlement Area are yet to be analyzed and data from Ducks Unlimited are yet to be received. Both will be 
incorporated into the study where possible. As 2001 was only the first year of the study, it is premature to discuss 
the significance of any new information arising from the project or how the findings would be applied in northern 
Canada. Nevertheless, we believe the project has made good progress towards completing the stated objectives and 
is generally on schedule. Specifically, we believe the project will provide useful information for evaluating 
cumulative effects of gas and oil development, climate change, and other stressors on an important component of the 
Mackenzie Delta ecosystem.  

A tentative schedule for the remainder of this project is presented below. We do not anticipate any major 
changes to the design of this project or the methods outlined in this report. 
 
SCHEDULE 
 
Jan-Apr 2002: Data analysis, ongoing consultations, communications, local knowledge interviews 
Mar 2002: Spring update submission 
May-Aug 2002: Field work, data input 
Sep-Dec 2002: Data analysis 
Sep 2002: Fall update submission 
Dec 2002: Final report 
Jan-May 2003: Submission of manuscripts for publication, defence of thesis 
 
 
 
 

- Note:  No Budget Data available in this pdf. File due to confidentiality 
agreements - 
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Figure 1.  Locations of 5x5-km study plots for tundra swans in the Mackenzie Delta Region. 
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APPENDIX A: Two Page Community Update 
 
 December 31, 2001 
 
Dear Gwich’in Renewable Resource Committees: 
 
Please be advised that the study on the Reproductive Ecology of Tundra Swans is progressing as planned. 
I will attend RRC meetings in person to present the results to date in collaboration with willing research 
assistants. Briefly, the study objectives and results to date are: 
 

1. Establish long term monitoring plots near control and development sites. 
 

Forty (5x5 km) study plots were established and are shown in the following map. 
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We saw 800 swans in total during the spring survey (June). Control plots had 300 swans and development 
plots had 500 swans. The larger number in the development plots was due to one large flock of 170 birds. 
Within plots we saw a total of 86 nests, 43 in each of the control and development plots. Nests just 
outside plots were also recorded and when added, total 101 nests. In general, the numbers of birds in 
control and development plots were very similar with more flocked birds in development plots. 
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During productivity surveys we saw 791 swans, 505 in development plots and 286 control plots. Again 
there were more flocked birds in the development plots. Likely due to the harsh spring, only 86 of 260 
pairs (33%) attempted to breed and only 22 of the 86 pairs (26%) successfully raised broods. Overall, only 
8% of the territorial pairs raised broods during the exceptionally delayed breeding season and young consisted of 
<7% of the late summer population. 
 

2. Document Inuvialuit and Gwich’in knowledge of tundra swans.  
 
One month was spent with Neil Colin at the mouth of the Peel during spring break-up to learn about the 
arrival of swans and other waterfowl in spring. Interviews are complete for Aklavik (Inuvialuit) and Ft. 
McPherson. The remaining communities will be completed this winter. I will return your transcribed 
interviews this winter to make sure we wrote down your answers correctly. All interviews will be 
summarized when complete and will paint a fabulous understanding of tundra swan biology by local 
people. 
 

3. Assess reproductive ecology of Tundra Swans at “control” and “development” sites. 
 
Samples of swan nests in both control (13 nests) and development (6 nests) plots were visited to collect 
more detailed information on swan nesting biology and habitat requirements.  Most of these data are yet 
to be analyzed but preliminary results suggest that nesting success was very similar at the two types of 
plots (72%). Nesting success is determined by visiting nests after hatch and confirming that at least one 
egg hatched (21 control nests, 22 development nests, total 43 nests). The discrepancy between the average 
nesting success estimate and percent of nesting pairs that successfully raised broods (26%) deserves 
further attention as it suggests relatively high loss of broods during the summer. 
 

4. Evaluate and synthesize existing data to determine the probable effects that climate change will 
have on the productivity and population size of tundra swans. 

 
Data from a number of weather stations within the breeding range of the Eastern Population of Tundra 
Swans have been obtained from Environment Canada as have swan productivity data collected on the 
winter range of this population from 1950 until present.  A multivariate analysis of the long term 
productivity data and as well as shorter term data for the Mackenzie Delta Region will be carried out to 
evaluate the effects of weather variability and climate change on swans. 
 
Northerners are involved in both the fieldwork and local knowledge aspects of the project.  It is expected 
that approximately two thirds of the funding provided by the GRRB for local knowledge research will be 
returned directly or indirectly to Gwich’in communities. 
 
That’s all I have to report on for now. Thank you for your support and I will see you this winter. 
 
Sincerely, 
 
Heather Swystun 
University of Northern British Columbia 
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