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SUMMARY 

Background 

Construction of the Keeyask Generation Project (the Project) at Gull Rapids began in July 2014. 
The Keeyask Hydropower Limited Partnership (KHLP) was required to prepare a plan to monitor 
the effects of construction and operation of the generating station on the terrestrial environment. 
Monitoring results will help the KHLP, government regulators, members of local First Nation 
communities, and the general public understand how construction and operation of the 
generating station will affect the environment, and whether more needs to be done to reduce 
harmful effects. 

Flooding is expected to increase mercury levels in the future Keeyask reservoir, which could 
affect aquatic furbearers such as beaver, muskrat, mink, and river otter. Potential Project effects 
include increased mercury concentrations in fish, and in mink and river otter—the fish-eating 
aquatic furbearers that consume them. Effects on aquatic furbearers are linked to domestic 
resource use. 

Why is the study being done? 

The objective of the study is to compare mercury levels in aquatic furbearers before and during 
Project construction with post-impoundment levels to determine if the concentration of mercury 
in beaver, muskrat, mink, and river otter changes during Project operation. 

What was done? 

Tissue samples (kidney, liver, and/or leg muscle) from six beavers, one muskrat, and two river 
otters trapped at beaver lodges in the future reservoir area were analyzed for mercury. All 
individuals were trapped by the registered trapline holder in March 2017 and January or 
February 2018, during Project construction. 
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Aquatic Furbearer Tissue Samples Collected in the Keeyask Future Reservoir Area during 
Construction, 2017 and 2018 

What was found? 

Mercury levels were low in beaver and muskrat and somewhat greater in river otter during 
Project construction. No change in mercury levels in these species was observed from the pre-
construction to construction periods. Caution should be used in the interpretation of these 
results because sample sizes were small. 

What does it mean? 

No changes from pre-construction mercury levels in aquatic furbearers were anticipated 
because the reservoir has not yet been impounded.  

What will be done next? 

Trapping was conducted in the future reservoir area in the winter of 2018/19 and will continue in 
the winter of 2019/20. Mercury concentrations in these individuals will be analyzed and added to 
the existing database for comparison with mercury concentration in aquatic furbearers during 
Project operation. If samples of beaver, muskrat, mink, or river otter tissue are submitted 
voluntarily by local trappers and resource users, these will also be included in the overall 
analysis of mercury levels in aquatic furbearers.  
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1.0 INTRODUCTION 
Construction of the Keeyask Generation Project (the Project), a 695-megawatt hydroelectric 
generating station (GS) and associated facilities, began in July 2014. The Project is located at 
Gull Rapids on the lower Nelson River in northern Manitoba where Gull Lake flows into 
Stephens Lake, 35 km upstream of the existing Kettle GS. 

The Keeyask Generation Project Response to EIS Guidelines (the EIS), completed in June 
2012, provides a summary of predicted effects and planned mitigation for the Project. Technical 
supporting information for the terrestrial environment, including a description of the 
environmental setting, effects and mitigation, and a summary of proposed monitoring and 
follow-up programs is provided in the Keeyask Generation Project Environmental Impact 
Statement Terrestrial Supporting Volume (TE SV). The Keeyask Generation Project Terrestrial 
Effects Monitoring Plan (TEMP) was developed as part of the licensing process for the Project. 
Monitoring activities for various components of the terrestrial environment were described, 
including the focus of this report, mercury in wildlife, during the construction and operation 
phases. 

Mercury is a naturally occurring metal that exists in several forms in the environment. 
Microorganisms in soil and water can transform mercury from one form to another. 
Methylmercury, a common form of organic mercury, can easily enter the aquatic food web and 
bioaccumulate when higher-level organisms absorb it from the lower-level organisms that they 
consume. Methylmercury levels typically increase in water after flooding, as the inorganic 
mercury released from inundated soil is converted to organic mercury by bacteria feeding on 
decomposing plants (St. Louis et al. 2004). Because plants typically accumulate relatively low 
levels of mercury (Lindsay and Bookhout 1978), methylmercury levels in herbivorous aquatic 
furbearers such as beaver (Castor canadensis) and omnivores such as muskrat (Ondatra 
zibethicus) are considerably lower than in carnivorous aquatic furbearers such as river otter 
(Lontra canadensis) and mink (Neovison vison) that eat fish and other aquatic animals (Sheffy 
and St. Amant 1982).  

Flooding is expected to increase mercury levels in the future Keeyask reservoir area, which 
could affect aquatic furbearers such as beaver, muskrat, mink, and river otter. Potential Project 
effects include increased mercury concentrations in fish, and in mink and river otter—the fish-
eating aquatic furbearers that consume them. Effects on aquatic furbearers are linked to 
domestic resource use. Mercury levels in beaver, muskrat, mink, and river otter were measured 
in tissue samples collected before Project construction began. Because reservoir impoundment 
will flood their habitat, beaver and muskrat were trapped out of the future reservoir area in the 
winters of 2016/17 and 2017/18 to prevent prolonged exposure and displacement deaths 
(Wildlife Resource Consulting Services MB Inc. [WRCS] 2018). All individuals were trapped by 
the registered trapline holder. Tissue samples from trapped individuals were collected and 
submitted for mercury analysis. As described in Section 7.0 of the TEMP, the objective of the 
study is to compare mercury levels in aquatic furbearers before and during Project construction 
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with post-impoundment levels to determine if the concentration of mercury in beaver, muskrat, 
mink, and river otter changes during Project operation. 
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2.0 METHODS 
To prevent the potential for prolonged exposure and displacement deaths of aquatic furbearers 
during Project construction, animals were trapped from the future reservoir area in (Table 1; 
Photo 1), as described in the EIS and the Terrestrial Mitigation Implementation Plan (TMIP; 
KHLP 2015). Tissue samples were collected from these individuals for mercury analysis. Tissue 
samples (kidney, liver, and/or leg muscle) from six beavers, one muskrat, and two river otters 
trapped at beaver lodges in the future reservoir area (Map 1) in March 2017, January 2018, and 
February 2018 were analyzed for mercury. For testing purposes, submissions of adult beaver 
organs were limited to kidneys. The age of each trapped animal was estimated by measuring 
body weight and skull length (WRCS 2018).  

No additional mammal tissue samples were submitted by partner First Nation community 
members for analysis. 

Table 1: Aquatic Furbearer Tissue Samples Collected from the Future Reservoir Area 
during Construction, 2017 and 2018 

Year 
Trapped 

Lodge 
Number 

Species 
Age of 
Individual 

Tissue Collected Lodge Location 

2017 7 Beaver Juvenile Muscle 15 V 357954 6244917 
 14 River otter Adult Kidney, liver, muscle 15 V 351273 6239131 
 20 River otter Adult Kidney, liver, muscle 15 V 353487 6240990 
 23 Beaver Adult Kidney, muscle 15 V 347619 6241984 
2018 21 Beaver Adult Kidney, muscle 15 V 353469 6240652 
 41 Beaver Adult Kidney, muscle 15 V 349789 6246611 
 42 Beaver Adult Muscle 15 V 350894 6247016 
 43 Muskrat Adult Kidney, liver, muscle 15 V 353769 6249395 
 47 Beaver Juvenile Muscle 15 V 356236 6249204 

Tissue samples were submitted to ALS Environmental for mercury analysis, where the EPA 
200.3/EPA 1631E (mod) method was used. Results were reported as milligrams of mercury per 
kilogram of wet weight (mg/kg wwt).  

Results were compared with those from aquatic furbearer tissue samples collected voluntarily 
from traplines in the Split Lake, York Landing, and Fox Lake Resource Management Areas from 
February 2003 to April 2008, during the pre-construction period (TE SV Section 8.4). A trapline 
was categorized as “on-system” if it overlapped the Nelson River and was also located in Study 
Zone 5. The home ranges of beaver, muskrat, mink, and river otter within this category were 
presumed to overlap the regulated water system. “Off-system” traplines were considered 
representative of unregulated water systems and included creeks, rivers, ponds, or lakes that 
were not in immediate contact with the Nelson River but were also located within or near Study 
Zone 5. Traplines outside Study Zone 5 were categorized as comparison areas and included 
waterbodies that may or may not have been in direct contact with the Nelson River (TE SV 
Section 8.4). The lower mercury detection limit of pre-construction samples was 0.01 mg/kg 
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wwt. See Appendix 1 for the pre-construction mercury concentrations in aquatic furbearer 
tissue. 

 

Photo 1: Installation of Underwater Traps at a Beaver Lodge, January 2018 
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Map 1: Aquatic Furbearer Tissue Samples Collected in the Keeyask Future Reservoir Area during Construction, 2017 and 
2018 
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3.0 RESULTS 
During the Project construction period from 2017 to 2018, mercury levels were low in beaver 
muscle tissue, ranging from 0.003 to 0.0124 mg/kg wwt (Table 2). The highest concentration 
was in a juvenile trapped from lodge 47 in 2018; mercury levels were an order of magnitude 
greater in muscle tissue from this individual than in other beavers. Similar mercury levels were 
measured in muscle and in kidney tissue samples from two river otters; these concentrations 
were considerably higher than in most beaver tissues. However, the mercury level in one river 
otter liver sample, trapped at lodge 14, was roughly ten times greater than in the other individual 
sampled. Overall, mercury levels in beaver kidney tissue were considerably lower than those in 
river otter kidneys. 

Table 2: Mercury Concentration in Aquatic Furbearers Removed from the Future 
Reservoir Area during Construction, 2017 and 2018   

Year 
Trapped 

Lodge 
Number 

Species 
Age of 
Individual 

Mercury Concentration (mg/kg wwt) 
Kidney Liver Muscle 

2017 7 Beaver Juvenile   0.0052 
 14 River otter Adult 1.28 3.66 0.600 
 20 River otter Adult 1.38 0.354 0.588 
 23 Beaver Adult 0.0395  0.0058 
2018 21 Beaver Adult 0.0086  0.0039 
 41 Beaver Adult 0.0428  0.0082 
 42 Beaver Adult   0.003 
 43 Muskrat Adult —1 0.0039 —1 

 47 Beaver Juvenile   0.0124 

1. Lab analysis for mercury levels not successful. 

Because they were collected from the future reservoir area, all tissue samples collected during 
construction were on-system. Mean mercury levels in beaver muscle tissue during Project 
construction were comparable to those from the pre-construction period; all were less than 
0.01 mg/kg wwt (Table 3). The mercury level in the muskrat liver tissue collected in 2018 was 
approximately 10 times lower than the mean mercury level in pre-construction on-system 
muskrat liver tissue and was comparable to pre-construction mercury levels in muskrat livers in 
off-system and comparison areas. The muskrat muscle tissue sample collected during Project 
construction was not successfully analyzed for mercury; however, mercury levels in muskrat 
muscle would not be expected to differ substantially from the pre-construction period.   

The mean mercury level in river otter liver tissue was greater during Project construction than in 
the on-system, off-system, or comparison areas during the pre-construction period (Table 3).  
While there was a considerable range in mercury levels in river otter livers collected during 
construction (i.e., 0.354 and 3.66 mg/kg wwt), there was a similar range in pre-construction on-
system liver samples (0.30–3.81 mg/kg wwt). The mean mercury level in river otter muscle 
tissue was similar before and during construction (Table 3). 
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Table 3: Mean Mercury Concentration (mg/kg wwt) in Aquatic Furbearer Tissue before and during Construction, 2003–
2008 and 2017–2018 

Area 
Beaver Muscle Muskrat Liver Muskrat Muscle River Otter Muscle River Otter Liver 

2003– 
2008 

2017–
2018 

2003–
2008 

2017–2018 
2003–2008 

2003–
2008 

2017–
2018 

2003–
2008 

2017–
2018 

On-system <0.01 (34)1 0.006 (6) 0.03 (3) 0.0039 (1) 0.01 (6) 0.59 (14) 0.594 (2) 1.66 (12) 2.007 (2) 
Off-System <0.01 (16) – <0.01 (14) – <0.01 (16) 0.29 (28) – 0.78 (22) – 
Comparison <0.01 (6) – <0.01 (3) – <0.01 (3) 0.38 (8) – 1.02 (8) – 

1. Number of samples is in brackets. 
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4.0 DISCUSSION 
No change in mercury levels in beaver are anticipated after reservoir impoundment due to the 
minute quantities of mercury taken up by the vegetation that they consume. Small increases in 
mercury levels in muskrat are expected because they forage on aquatic plants and animals, the 
latter of which will likely accumulate more mercury following impoundment. As expected, 
mercury levels in beaver tissue collected during Project construction in 2017 and 2018 were low 
and there has been no apparent change since the pre-construction samples were collected from 
2003 to 2008. should be used in the interpretation of these results because sample sizes were 
small. The level of mercury in the single muskrat liver collected in 2018 was within the range of 
those collected before Project construction. No changes from pre-construction levels were 
anticipated because the reservoir has not yet been impounded. Caution should be used, 
however, in the interpretation of these results, because sample sizes were small. 

Mercury levels in mink and river otter are expected to increase over pre-Project levels and peak 
approximately seven years after the reservoir is impounded. Mercury levels are then expected 
to decline and reach pre-Project levels, or be considered stable at a new background level, 
approximately 20 to 30 years post-impoundment. The mean mercury level in on-system river 
otter muscle and liver tissue was somewhat greater during than before Project construction, but 
the ranges of mercury levels from each period were similar. Caution should be used, however, 
in the interpretation of these results, because sample sizes were small. As with beaver and 
muskrat, no changes from pre-construction levels were anticipated during the 2017–2018 
period, because the reservoir has not yet been impounded. 
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5.0 SUMMARY AND CONCLUSIONS 
No change in mercury levels in beaver, muskrat, or river otter was observed from the pre-
construction to construction sampling periods. Caution should be used in the interpretation of 
these results because sample sizes were small. Trapping of beaver and muskrat was also 
conducted in the future reservoir area in the winter of 2018/19 and will continue in the winter of 
2019/20, prior to reservoir impoundment in 2020. Mercury concentrations in samples from the 
animals trapped during these years will be analyzed and added to the existing database for 
comparison with mercury concentration in aquatic furbearers during Project operation. If 
additional samples of beaver, muskrat, mink, or river otter tissue are submitted voluntarily by 
local trappers and resource users, these will be analyzed and included in the overall analysis of 
mercury levels in aquatic furbearers. If samples from other country foods such as moose, 
caribou or snowshoe hare are submitted, these will also be analyzed. 
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APPENDIX 1: 
MERCURY RESULTS 2003–2008 
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Table A-1: Mercury Concentration (mg/kg wwt) in Aquatic Furbearers before 
Construction, 2003–2008 

Species Area 
Muscle Liver 

Mean Range 
Number of 
Samples 

Mean Range 
Number of 
Samples 

Beaver On-system <0.01 <0.01–0.01 34 <0.01 All <0.01 16 
 Off-system <0.01 <0.01–0.03 16 0.01 <0.01–0.04 12 
 Comparison <0.01 <0.01–<0.01 16 <0.01 <0.01–0.03 14 
Muskrat On-system 0.01 <0.01–0.03 6 0.03 0.01–0.06 3 
 Off-system <0.01 <0.01–0.01 16 <0.01 <0.01–0.03 14 
 Comparison <0.01 <0.01–<0.01 3 <0.01 All <0.01 3 
River otter On-system 0.59 0.13–1.52 14 1.66 0.30–3.81 12 
 Off-system 0.29 0.13–0.73 28 0.78 0.08–3.97 22 
 Comparison 0.38 0.11–0.99 8 1.02 0.28–2.90 8 
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APPENDIX 2: 
LABORATORY RESULTS 2017–2018 
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