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Whitefish, Northern Pike and suckers, with Lake Whitefish and Northern Pike comprising similar 
proportions in weight in the catches (Ayles et al. 1974). Walleye were not abundant in the catches, nor 
were Lake Cisco, Yellow Perch, and Lake Trout (Ayles et al. 1974). 

Although there are no quantitative pre-CRD data to compare to, data collected from Northern Indian Lake 
in 1981 show that fish capture rates were fairly high, only slightly lower than current values for Gauer 
Lake (Figures 5.3.8A-2 and 5.3.8A-1). Almost half of the catch was composed of White Sucker and a 
quarter of the catch was composed of Lake Whitefish (Figure 5.3.8A-5). Walleye made up less than 5% of 
the catch. Currently, the mean CPUE for Northern Indian Lake is slightly lower than it was in 1981, but 
still fairly high (Figure 5.3.8A-2). Walleye are currently the most abundant species in the lake, followed by 
White Sucker and Lake Whitefish (Figure 5.3.8A-5). The increase in the relative abundance of Walleye in 
Northern Indian Lake is likely related to changes in habitat. 

In the reach of the lower Churchill River within the Split Lake Cree study area, consultant assessment and 
comments indicated that the reduced size of the river and reduced habitat is likely to have reduced fish 
production in the river and altered composition of the fish community (Volume 3, Split Lake 
Cree-Manitoba Hydro Joint Study Group 1996). 

Again, there are no quantitative studies with which to compare pre- and post-CRD fish populations in the 
downstream most reach of the Churchill River. However, Boothroyd & Associates (1992) interviewed 
users of the portion of the river near Churchill regarding impacts of CRD. “Before the diversion, fish were 
abundant in the Churchill River and tributaries such as Goose and Herriot creeks and Deer River” 
(Boothroyd & Associates 1992). The most common species were Arctic Grayling (Thymallus arcticus), 
Northern Pike, Brook Trout, Walleye, Lake Wwhitefish, and Longnose Sucker (Boothroyd & 
Associates1992). Boothroyd & Associates (1992) also stated that “the severely reduced Churchill River 
flows have resulted in drawdown of the various creeks and rivers entering the lower Churchill River and 
destruction of fish wintering, spawning and rearing habitat. This has lead [sic] to a large reduction in 
populations of fish species inhabiting the lower Churchill River drainage.” 

As discussed, CRD resulted in substantive reductions in flows in the lower Churchill River and the amount 
of available habitat, particularly during winter. However, little data is available to assess the effect on 
overwintering habitat. Winter sampling of fish and fish habitat was conducted in the reach of the Churchill 
River near Churchill in early April 1996 (Bernhardt 1997b). The results of this investigation showed that 
overwintering habitat was available in this reach of the Churchill River and that not all fish were confined 
to one or two locations. 

The effects of changes in water regime and other factors on fish habitat are discussed in more detail for 
Lake Whitefish and Walleye in Sections 5.3.8.3.2 and 5.3.8.3.3, respectively. 

Factor: Effects of Changes to Sedimentation and Water Quality 

Considering that flow in the lower Churchill River is lower due to CRD while pre- and post-CRD 
suspended sediment concentrations are similar, it may be reasonably concluded that CRD has reduced 
the annual sediment load transported down the lower Churchill River (Erosion and Sedimentation, 
Section 4.4.2.5.3). Although tributary flows were likely not substantially affected by CRD, a combination of 
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reductions in Churchill River water level and, in a few locations, the deposition of coarse-grained 
materials transported by tributaries, have increased the size of many of the tributary fans following CRD 
(Erosion and Sedimentation, Section 4.4.2.5.2). 

Water Quality in Area 4 was assessed in Section 5.2.11. The following information summarizes the 
results of that section. The primary pathways through which water quality was affected by CRD in the 
lower Churchill River are: 
• changes in water quality upstream in SIL Area 4 (i.e., the Churchill River inflow to the lower Churchill 

River area); and 

• reductions in absolute and relative discharge of the upper Churchill River to the lower Churchill River 
area and an increase in the importance of local inflows. 

Construction activities in the SIL area may have affected water quality in the lake beginning as early as 
1972. Changes in some water quality metrics were observed in the Missi Falls CS area over the period of 
1974–1976 and these changes could have affected water quality downstream in the lower Churchill River. 
Conceptually, effects of CRD may have occurred in the lower Churchill River as early as 1972, or notably, 
over the 1974–1976 period as observed upstream. However, as large changes in flows in the lower 
Churchill River associated with CRD were first initiated in 1976, most previous assessments have 
identified data collected prior to 1976 as representative of pre-CRD conditions. 

Prior to major changes in hydrology associated with CRD (i.e., 1972–1975), the Churchill River 
contributed on average 87% of the discharge of the lower Churchill River at Red Head Rapids. Following 
CRD (post-1976), this contribution was reduced to 43% on average. LWCNRSB predicted that the 
reduced relative discharge of the Churchill River would result in a greater influence of local tributaries on 
water quality in the lower Churchill River. 

The primary changes in water quality that occurred after 1976 in the lower Churchill River at Red Head 
Rapids were increases in conductivity, hardness, alkalinity, and calcium and decreases in potassium. 
These effects were also observed upstream near the Missi Falls CS, indicating that upstream effects of 
CRD contributed to the observed changes downstream in the lower Churchill River. However, all of these 
metrics varied between the Churchill River and local tributaries prior to CRD, and the increased influence 
of local drainages on the lower Churchill River following CRD also contributed to the observed changes. 

There are insufficient data to assess how, or if, DO was affected in the lower Churchill River area by 
CRD. Recent information for several lakes and riverine sites indicates the area is generally 
well-oxygenated and DO concentrations are above the protection of aquatic life objectives in the open 
water and ice cover seasons. The primary pathway through which DO could be affected by CRD relates 
to the reduction in discharge, and subsequent changes in water residence times, volumes, depths, and 
the relative influence of local drainages, which is a permanent feature of CRD. Therefore, recent 
monitoring results that show little or no effect of CRD on DO may also be considered to be representative 
of immediate post-CRD conditions. However, decreases in DO may occur in some areas under low flow 
or climactic events that have not been captured under the contemporary CAMP monitoring program 
(e.g., low flow in combination with prolonged cold temperature leading to extensive, and/or longer 
durations of, ice cover). 
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Available data and literature indicate that measures of water clarity (TSS and turbidity) were relatively 
unaffected by CRD in this area. However data for upstream lakes are limited and some effects 
(i.e., increases) may have occurred due to increased resuspension of sediments following substantive 
reductions in water levels and depths. Short-term events related to wave-induced suspension of bottom 
sediments may not have been captured by historical or contemporary monitoring programs due to their 
short duration and because water quality sampling programs are typically not conducted during high wind 
events, particularly when the programs are conducted by fixed wing aircraft. 

The effects of changes to fish habitat on fish communities is discussed in the previous section. 

Factor: Effects of Obstructions to Upstream Movements/Alterations to Downstream Movements 

The abundance of fish in a particular waterbody is determined in part by local production as well as by 
immigration and emigration. Commercial fishers in South Indian Lake have expressed concerns about the 
loss of fish from SIL through the Missi Falls CS since its completion in 1976. Fish can emigrate into the 
lower Churchill River and its lakes via the Missi Falls CS, but cannot return to SIL once they have passed 
through as the structure does not provide upstream fish passage. There was no published information 
available discussing the magnitude of pre-CRD movements of fish between Partridge Breast Lake and 
SIL.  

Barnes (1990) and Barnes and Bodaly (1994) reported that most of the Lake Whitefish observed 
congregating downstream of the Missi Falls CS in 1986 originated from SIL and were attempting to return 
to the lake. Flow through the CS that year was high and similar to pre-CRD flows. The following year, 
fewer Lake Whitefish were captured below the Missi Falls CS in a year when flows through Missi Falls CS 
were more typical of post-CRD conditions, and these fish were believed to have moved upstream from 
Partridge Breast Lake. A tagging study conducted in 1998 found that while the majority of the Floy®-tags 
returned were recaptured in the same area in which they were tagged, there was some movement of 
Lake Whitefish out of SIL either into the Burntwood/Rat river system through the South Bay diversion 
channel, or upstream into the Churchill River (Graveline and Remnant 2004). The report by a commercial 
fisher of one tagged Lake Whitefish recaptured in Partridge Breast Lake, approximately 10 km 
downstream of Missi Falls CS, suggested some movement of fish out of SIL may occur. 

Hydro-acoustic studies conducted at the Missi Falls CS from 2007 to 2010 under a variety of flow 
conditions indicate that under relatively high flows, there are fewer fish in the intake channel, but those 
present are passed through the CS at higher rates than under low flows (NSC and Biosonics Inc. 2008, 
2009, 2010, 2011). At lower flows, larger fish species such as Lake Whitefish have the swimming 
capacity to avoid entrainment. 

Factor: Effects of Construction of the Churchill Weir 

Construction of the Churchill Weir began in summer 1998 and was completed in early winter 1998. 
However, some construction activities associated with ancillary features continued into 1999. For the 
purposes of the fish community assessment any data collected up to and including 1997 were considered 
as pre-Churchill Weir, data collected in the area affected by the Churchill Weir during 1998 were 
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considered as construction, and any data collected in the area affected by the Churchill Weir from 1999 
onwards were considered as post-Churchill Weir. 

The pre-Project fish community of the portion of the lower Churchill River that would be affected by the 
construction of the Churchill Weir was sampled between 1994 and 1996. Mean CPUE for the total catch 
was 7 fish/100 m/24 h, with annual means ranging from 4 to 13 fish/100 m/24 h (Figure 5.3.8A-2). 
Northern Pike, Lake Whitefish, and White Sucker were the three most abundant large-bodied species in 
the catch (Figure 5.3.8A-4). Longnose Sucker, Round Whitefish (Prosopium cylindraceum), Cisco, and 
Burbot each accounted for between 2 and 8 % of the catch with incidental catches of Arctic Char, Arctic 
Grayling, Lake Sturgeon, and Walleye (Figure 5.3.8A-4). 

In the immediate post-Project period (1999–2006), mean CPUE for the total catch was 
7.5 fish/100 m/24 h, with annual means ranging from 2 to 12 fish/100 m/24 h (Figure 5.3.8A-2). Mean 
CPUE was fairly similar between the pre- and immediate post-Churchill Weir periods. Lake Whitefish and 
Northern Pike accounted for over 80% of the catch by number, with White Sucker accounting for 9% of 
the catch and small numbers of Walleye (3.5%) Longnose Sucker and Cisco (2% of the catch each) and 
incidental catches of Burbot, Lake Sturgeon, Round Whitefish, and Arctic Char (Figure 5.3.8A-4). 

The waterbody impounded by the Churchill Weir was sampled twice (2008 and 2013) in the 2008–2013 
time period. Mean CPUE for the total catch was 12.5 fish/100m/24 h, with annual means of 16 and nine 
fish. The mean CPUE for this time period represents an increase over the first two time periods 
(Figure 5.3.8A-2). The catch in the 2008–2013 period is dominated by Lake Whitefish, accounting for over 
73% of the catch (Figure 5.3.8A-4). Northern Pike was the second most abundant species (19%), 
followed by smaller numbers of White (3.5%) and Longnose (2.5%) suckers. Burbot, Cisco, Lake 
Sturgeon, Round Whitefish, and Walleye each accounted for less than 1% of the catch. While mean total 
catch CPUE has increased since construction of the Churchill Weir, Hill’s numbers have decreased, 
reflecting a fish community that is now dominated by two species, Lake Whitefish and Northern Pike. 

Prior to construction and operation of the Churchill Weir, aquatic habitat classification studies revealed 
that there were 971 ha of permanently wetted habitat, 288 ha of partially wetted habitat, and 821 ha of 
predominantly exposed habitat under average summer flows (450 m3/s) in the area that was to be 
affected by the Churchill Weir (Larter and Bernhardt 2009). It was expected that construction and 
operation of the Churchill Weir would result in the rewatering or flooding or approximately 650 ha of land 
upstream of the Churchill Weir, composed of approximately 480 ha of pre-CRD river bed, and 170 ha of 
newly flooded land (Larter and Bernhardt 2009). 

Construction and operation of the Churchill Weir was expected to increase the amount of overwintering 
habitat available to fish in the area upstream of the Churchill Weir. Information collected during April 2001 
(Bernhardt 2002b) and March/April 2004 (Bernhardt 2005a) suggested that the abundance of fish during 
winter in the area upstream of the Churchill Weir had not increased since 1996, but that fish continued to 
be captured in all gillnet locations. 

Additional information on Lake Whitefish and Walleye are provided in sections 5.3.8.3.2 and 5.3.8.3.3, 
respectively. Mean CPUE for Northern Pike increased from 1.1 fish/100 m/24 h in the pre-Churchill Weir 
period to 2.7 and 2.4 fish in the immediate post-Churchill Weir and current time periods, respectively 
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Table 5.3.8A-2). Mean CPUE for Longnose Sucker declined from 0.5 fish in Weir 1 to 0.1 fish in Weir 2, 
but then rebounded somewhat to 0.3 fish in Weir 3 (Table 5.3.8A-2). Mean CPUE for White Sucker has 
remained fairly constant at 0.5–0.6 fish over the three time periods (Table 5.3.8A-2). 

Changes in the abundance of Longnose and White suckers in the area upstream of the Churchill Weir is 
not told completely by index gillnet catches. Both Longnose and White suckers were a major component 
of pre-Project spring and fall fish movement studies in Goose Creek (Bernhardt and Holm 2005) and fall 
fish movements in Herriot Creek (Bernhardt 2005b). Studies of upstream and downstream movements of 
fish in the east and west channels of Goose Creek during spring were conducted in 1993 and 1995, 1999 
and 2002–2004, and 2009–2014. Duration and method of sampling varied among years, depending on 
the specific nature of the study; however, qualitative comparisons can be made. Longnose Sucker 
numbers declined from 1181 in 1993 to 586 in 1995 to 109 in 1999 and have never been greater than 15 
since then (Johnson et al. 2015). White Sucker numbers declined from 175 in 1993 to 123 in 1995 and 
have never been greater than five since then (Johnson et al. 2015). During the same studies, Northern 
Pike numbers have varied from a low of 77 in 2011 to a high of 619 in 1993, with numbers in the mid- to 
high-300s in 2013 and 2014 (Johnson et al. 2015). 

Fish movements into and out of Herriot Creek were examined as part of the EIS for the Churchill Weir. 
Fall fish movements were assessed from 1994–1996 using hoop nets or a conduit weir and study length 
varied between years. The number of Longnose Sucker captured annually varied from 382 to 667 and the 
number of White Sucker varied from 157 to 355 (Bernhardt 2005b). In 2004, Herriot Creek was re-
examined to assess whether patterns in sucker abundance that were being observed in Goose Creek 
were also being observed in Herriot Creek. Herriot Creek is the nearest tributary to the lower Churchill 
River upstream of Goose Creek, but it was not affected by construction and operation of the Churchill 
Weir. During a two week long program at a time of year comparable with those of studies conducted 
between 1994 and 1996, a total of one Longnose Sucker and eight White Sucker were captured in Herriot 
Creek (Bernhardt 2005b). 

Explanations for the decline in fish use of Goose Creek by all species except Northern Pike following 
construction and operation of the Churchill Weir remain unclear, although it is possible that the inundation 
of the mouth of the creek resulted in most species choosing alternate habitat for spawning and feeding. 
Explanations for a similar decline in use of Herriot Creek by suckers is not clear, although this tributary 
has not been assessed since 2004 and fish use may have changed. Fairly comparable CPUEs for both 
sucker species in the Churchill River mainstem upstream of the Churchill Weir over the three time periods 
indicate that these species continue to use the Churchill River. 

Pre-Churchill Weir studies determined that some species moved between the mainstem of the river and 
the estuary (Manitoba Hydro and the Town of Churchill 1997). A fishway in the mainstem and another at 
the Goose Creek Enhancement Reach were incorporated into the design of the weir so that fish would be 
able to move upstream over the weir (Manitoba Hydro and the Town of Churchill 1997). Studies to 
assess the ability of fish to ascend the fishways have determined that fish are able to ascend the weir, 
although the level of success depended to some degree on the amount of flow in the river (Peake and 
Remnant 2000; Peake 2001, 2003, 2004; Peake and Bernhardt 2002; Bernhardt 2003a; Murray et al. 
2010; Murray and Caskey 2010). 
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One of the ancillary features of the Churchill Weir was the creation of the Goose Creek Enhancement 
Reach. Modifications to flow and habitat were designed to enhance a 1.5 km long reach of Goose Creek, 
below the Churchill Weir. Riffles, pools, and increased flow were added to this reach to provide 
year-round habitat for fish that preferred fast-flowing habitat, particularly Arctic Grayling 
(MacDonald et al. 2004). Although the Enhancement Reach was used by a variety of species from the 
outset, Arctic Grayling appeared to pass through the reach on their way to habitat farther upstream in 
Goose Creek and did not colonize the Enhancement Reach (MacDonald et al. 2004). Northern Pike and 
Burbot quickly became established within the reach and the ability for species such as Arctic Grayling to 
colonize this area were reduced. A number of small-bodied species were captured in the reach 
(MacDonald et al. 2004). A habitat assessment of the Goose Creek Enhancement Reach conducted 
during early July 2008 mapped 13.6 ha of fish habitat (Larter and Bernhardt 2009). The majority of the 
reach was shallow with the deepest areas found in the constructed pools. Water velocity within the reach 
was primarily low (< 0.25 m/s) with faster water occurring below the fishway, downstream of the riffles and 
towards the downstream end of the reach. Some of the design features of the Enhancement Reach have 
been altered over time, most likely due to ice and high flow events (Larter and Bernhardt 2009). No fish 
community assessments of this reach have been carried out for over ten years. 

Factor: Effects of Fisheries 

Four on-system waterbodies in Area 4 have been commercially fished: Partridge Breast Lake; Northern 
Indian Lake; Fidler Lake; and Billard Lake. Commercial fishing information for some of these waterbodies, 
as well as for Gauer Lake, is presented below. Traditionally, fishers frequenting these lakes were from 
either the community of Ilford, and/or more recently the community of South Indian Lake.  

The history of commercial and domestic fisheries operating within the lower Churchill River lakes are 
reviewed in detail in Sections 3.5.18 and 3.5.11 (People) as they relate to resource use. The information 
presented below relates recorded harvests and associated information to the fish population, both as a 
potential factor affecting the population and as an approximate indicator of the population size from the 
aforementioned sections, available literature, and other data sources. 

PRE-CRD 

The first records of a commercial fishery on Partridge Breast Lake date back to the 1965–1966 winter 
season when approximately 510 kg of Lake Whitefish and Northern Pike were harvested (Weagle 1974). 
Total production ranged from a low of 63 kg reported in 1981 to a record 17,115 kg reported in 1975 
when a pre-CRD salvage fishery was conducted (Figure 5.3.8A-7). Between 1965 and 1975, Lake 
Whitefish (80.5%), Northern Pike (17.4 %), Lake Trout (1.8%), and Walleye (0.3%) comprised the 
commercial catch. 

Northern Indian Lake is the largest on-system lake in Area 4, and has been fished commercially in the 
winter since 1948/1949 and in the summer since 1968 (Weagle 1974), but only production data from 
1965 onward were available. As of 1973, Northern Indian Lake had a quota of 40,823 kg available for 
Lake Whitefish, Walleye and Lake Trout, with Lake Whitefish (80.5% of the catch) comprising most of this 
quota between 1965 and 1973, followed by Northern Pike and Lake Trout. Total production ranged 
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between 261 kg in 1972 and a record 281,826 kg in 1975, the year in which a pre-CRD salvage fishery 
was conducted (Figure 5.3.8A-7). 

Fidler Lake began as a winter fishery in 1959/1960 and was fished in winter until 1968/1969, after which it 
converted to a summer fishery from 1969–1971 (Weagle 1974). A 11,340 kg quota of Lake Whitefish and 
Walleye was exceeded by five fishers in five of the 13 seasons the lake had been fished up to 1972 
(Weagle 1974). Between 1965 and 1975, Lake Whitefish made up greater than 96% of Fidler Lakes 
production, ranging from a low of 614 kg in 1985 to a high of 18,270 kg in the winter of 1959–1960 
(Figure 5.3.8A-7). Other species harvested included Northern Pike, Walleye, and Lake Trout. 

Billard Lake was commercially fished in the summers of 1966, 1967, 1970, 1971 and 1975, and had a 
quota of 6,804 kg of Lake Whitefish, Northern Pike and Walleye (Weagle 1974). Production ranged from 
6,237 kg in 1966 to approximately 10,933 kg in 1975, the year in which a pre-CRD salvage fishery was 
conducted (Weagle 1974; MDMNR c1975). Lake Whitefish accounted for 83.4% of the catch, with smaller 
yields of Northern Pike and Walleye. 

Gauer Lake is the off-system lacustrine reference for the Area 4 fish community assessment and is 
therefore considered here. Based on available commercial fishing records, Gauer Lake was first fished in 
the summer of 1965 (Topolniski 1972). From 1965–1970, summer production on Gauer Lake consisted 
predominantly of Lake Whitefish and Walleye, from a low of approximately 6,000 kg in 1968 to a high of 
approximately 30,000 kg in 1965 (Figure 5.3.8A-7). Northern Pike are also harvested from the lake. 

The pre-CRD salvage fisheries conducted on Partridge Breast, Northern Indian, Fidler, and Billard Lakes 
in 1975, resulted in the highest catches ever recorded for Partridge Breast, Northern Indian Lake and 
Billard lakes, and potentially impacted future commercial production on each of these lakes. Manitoba 
Hydro and the Special Agriculture and Rural Development Act fund provided a subsidy for a salvage 
fishery by covering transportation costs and fishing equipment respectively to 20 fishers, most of whom 
were from Ilford. Northern Indian Lake production exceeded 215,000 kg of Lake Whitefish within eight 
weeks (Adams et al. 1976; Barnes 1990). Partridge Breast, Fidler and Billard were also salvage fished in 
the summer of 1975 producing a total of 17,115, 12,865 and 10,933 kg of fish respectively 
(MDMNR c1975). 

POST-CRD 

Following the 1975 salvage fishery, a summer fishery on Partridge Breast Lake resumed in 1981 and 
continued until 1985. A winter fishery was then started up in the 1997–1998 season and has continued 
consistently up to the 2013–2014 winter season (Figure 5.3.8A-7). Post-CRD Lake Whitefish catches are 
variable, as were pre-CRD catches, but Walleye and Northern Pike catches have increased post-CRD 
(Figure 5.3.8A-7). 

The fisheries on Fidler and Billard Lake were discontinued following the 1975 salvage fishery due at least 
in part to CRD, but also as a result of being economically unviable. Records indicate that Lake Whitefish 
were harvested again on Fidler Lake in the summers of 1985 and 1986 (Barnes 1990), but no records for 
other fish species or recent production were found. Billard Lake was last fished in 1975 (Volume 3, 
Split Lake Cree-Manitoba Hydro Joint Study Group 1996). 
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Northern Indian Lake continued to produce after the salvage fishery into the mid-1980s 
(see Figure 5.3.8A-7), averaging an annual production of just over 18,600 kg of Lake Whitefish between 
1976 and 1986 (Barnes 1990). No information was available on harvest of other species from 1976–1986 
and on harvest of any species from 1987–1995. Based on available information, Northern Indian Lake 
was fished by residents of Ilford up to and including 1978, residents of both Ilford and South Indian Lake 
during 1979, and residents of South Indian Lake after 1979 (MFB, unpubl. data). The current quota is 
25,000 kg of Lake Whitefish, Walleye and Lake Trout and only a small proportion of quota has been 
taken. From 1996 to 2013, the lake has averaged approximately 3,600 kg of Lake Whitefish, 3,200 kg of 
Walleye and 120 kg of Lake Trout for a total average quota production of 6,500 kg annually plus 3,300 kg 
of Northern Pike, a non-quota species. Lake Trout were last reported harvested in 2004. 

War Lake First Nation members have attributed the decline in commercial fishing to the high costs 
associated with fly-in fisheries and reported that no significant commercial fishing activity has occurred for 
almost 30 years (Cree Nation Partners 2010). War Lake First Nation (2002) also stated that the loss of 
the fishery was caused by the disruption of the river system by the CRD. As noted, the CRD can be linked 
to the discontinuation, at least in part, of Fidler and Billard Lake fisheries and Northern Indian lake total 
production has declined by two-thirds after CRD, from an average of 32,663 kg/y between 1965 and 1974 
to an average of 12,309 kg/y between 1978 and 2013). 

There were no data available for Gauer Lake between 1971 and 1996, but the lake was fished and data 
were available for virtually every year since 1997. The fishery has shifted from one that targeted Lake 
Whitefish in the 1960s to a Walleye and Northern Pike fishery since 1996. From 2001 to 2013, the catch 
ranged from about 6,000 kg to about 34,000 kg (Figure 5.3.8A-7). 

5.3.8.3.2 Lake Whitefish 

INDICATOR: ABUNDANCE 

Metric: Catch-Per-Unit-Effort 

A comparison of standardized CPUE values for Lake Whitefish from standard gang index gill nets set 
from various waterbodies within Area 4 is presented in Figure 5.3.8A-8. Lake Whitefish mean CPUE 
ranged from 0.4 fish/100 m/24 h in Red Head Rapids to 21 fish in Fidler Lake. Unlike total catch, there 
was no clear trend towards decreasing CPUE with downstream movement, nor any clear difference 
between lacustrine and riverine sites. Mean CPUE at the Churchill Weir was comparable with those of 
Northern Indian Lake and the Confluence. Mean CPUE at Red Head Rapids was clearly lower than any 
of the other sites sampled in the 2008–2013 time period; however, the results obtained from Red Head 
Rapids are confounded by the lack of good fishing sites and the limited amount of data. 

Mean CPUE for Lake Whitefish for Gauer Lake was comparable to that of Billard Lake near the upper end 
of the on-system sites. Mean CPUE for the Hayes River was lower than all on-system sites excluding Red 
Head Rapids (Figure 5.3.8A-8) 
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Mean CPUE for Lake Whitefish in Northern Indian Lake is somewhat higher in the 2008–2013 period 
when compared with 1981 (Figure 5.3.8A-9), suggesting that the abundance of Lake Whitefish has 
increased. 

CPUE for Lake Whitefish at the Churchill Weir is compared over three time periods in Figure 5.3.8A-9. 
Mean CPUE increased from pre-Churchill Weir (1994–1996) to immediate post-Churchill Weir 
(1999-2006), although the quartiles overlap. Mean CPUE in the most recent time period (2008–2013) is 
considerably higher than in both other time periods and there is no overlap among quartiles, suggesting 
that the abundance of Lake Whitefish has increased in the last time period. 

INDICATOR: CONDITION 

Metric: Fulton’s Condition Factor (KF) 

Condition of Lake Whitefish is relatively similar among Area 4 waterbodies with means ranging from 1.35 
in Northern Indian Lake to 1.47 at the Confluence (Figure 5.3.8A-10). Mean condition factors for Lake 
Whitefish from Gauer Lake (1.47) and the Hayes River (1.41) were within the range of those reported for 
the on-system waterbodies. 

Mean condition factor for Lake Whitefish in Northern Indian Lake was fairly comparable between 
1981 (1.30) and the period of 2008–2013 (1.35 with a range from 1.33 to 1.41) (Figure 5.3.8A-11). 

Mean condition factor has increased somewhat over time at the Churchill Weir. The mean values were 
1.34 for 1994–1996, 1.40 for 1999–2006, and 1.45 for 2008–2013 (Figure 5.3.8A-11). However, there 
was a fair amount of variability around the overall mean for 1999–2006, with annual means ranging from 
1.16 to 1.65. 

INDICATOR: GROWTH 

Metric: Length at Age 

Fork length growth curves were calculated for all Lake Whitefish that had otoliths collected, including 
Gauer Lake, using a von Bertalanffy growth model (Table 5.3.8A-3; Figure 5.3.8A-12). A plot of the Lake 
Whitefish von Bertalanffy growth curves shows that there was little difference among lakes sampled. 
Whitefish sampled from Partridge Breast Lake are potentially the fastest growing (k = 0.27) and had the 
lowest theoretical maximum length (L∞ = 461), suggesting a fast growing, somewhat small in length 
population (Table 5.3.8A-3). In comparison, Lake Whitefish from Billard Lake, on average, appeared to be 
larger at each successive age compared to Lake Whitefish from the other waterbodies, although k 
calculated for Lake Whitefish from Billard Lake was identical to those calculated for the other 
waterbodies. The growth curve fit (and its associated parameter values) to the 1981 Lake Whitefish data 
from Northern Indian Lake is slightly skewed, caused in part, by a lack of older fish 
(i.e., >14-years-of-age). This resulted in a very low estimated k value (k = 0.09) and a very high estimated 
theoretical maximum length (L∞ = 624). 
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Metric: Relative Year Class Strength 

To explore temporal comparisons for growth, relative year class strength was calculated for Lake 
Whitefish. This analysis could only be conducted for those waterbodies with a minimum of three 
successive years of ageing data so it is restricted to two on-system waterbodies (Northern Indian Lake 
and the Confluence) and Gauer Lake. 

The relative year class strength of Lake Whitefish at Northern Indian Lake, the Confluence, and Gauer 
Lake are presented in Figure 5.3.8A-13. At Northern Indian Lake, strong year classes (> 100) were 
produced in 2005 and 2006 with poor year classes (< 50) in 2000. At the Confluence, a strong year class 
was produced in 2000, followed by a weak year class in 2001 and then successively stronger year 
classes annually until 2005, which was a particularly strong year class, and then successively weaker 
year classes. Year classes were variable at Gauer Lake, with strong year classes produced in 2000 and 
2006 and weaker year classes in 2003–2005 and 2007. At the on-system waterbodies, strong cohorts of 
Lake Whitefish (> 100) were produced in two of nine years, compared to Gauer Lake, where three of nine 
years produced strong year classes. 

DISCUSSION: FACTORS AFFECTING LAKE WHITEFISH OVER TIME 

Limited information is available regarding Lake Whitefish in Area 4 prior to CRD. 

In 1973, three of the upstream lakes (Partridge Breast, Northern Indian, and Fidler) were sampled as part 
of baseline studies for the LWCNRSB (Hecky and Ayles 1974b; Ayles et al. 1974). Numerically, the catch 
in the three study lakes was found to be dominated by Lake Whitefish, Northern Pike, and suckers, with 
Lake Whitefish and Northern Pike accounting for nearly equal proportions of the catch by weight 
(Ayles et al. 1974). Overall, CPUE was similar to those of SIL and lakes farther upstream in the Churchill 
River (Ayles et al. 1974). 

No pre-CRD fish community data are available for the Churchill River mainstem downstream of Fidler 
Lake. Walker (1931) and Keleher (1953) both documented Lake Whitefish from catches in the Churchill 
River estuary between Mosquito Point and the mouth. 

Currently, Lake Whitefish remain one of the more abundant species in the upstream lakes accounting for 
approximately 15–45% of the large-bodied fish community in each of the four lakes. Lake Whitefish are 
also abundant in the more downstream locations along the river, accounting for approximately 16% of the 
catch at the Confluence and 73% of the catch at the Churchill Weir. Lake Whitefish comprise 
approximately 25% of the catch at Gauer Lake but only 7–8% of the catch at the Hayes River. 

Unlike total catch, Lake Whitefish CPUE does not appear to show a clear trend towards decreasing fish 
capture rates with downstream movement, nor any clear difference between lacustrine and riverine sites. 
Mean CPUE at the Churchill Weir was comparable with those of Northern Indian Lake and the 
Confluence. Mean CPUE at Red Head Rapids was clearly lower than any of the other sites sampled in 
the 2008–2013 time period; however, the results obtained from Red Head Rapids are confounded by the 
lack of good fishing sites and the limited amount of data. Mean CPUE for Lake Whitefish for Gauer Lake 
was comparable to that of Billard Lake near the upper end of the on-system sites. Mean CPUE for the 
Hayes River was lower than all on-system sites excluding Red Head Rapids. 
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There was some indication that Lake Whitefish CPUE was higher in the current period than that of 1981, 
and higher in the current period than the previous two time periods at the Churchill Weir. 

Changes in the Lake Whitefish stocks along the lower Churchill River may be due to many linkages to 
hydroelectric development, including reductions and changes in flow patterns, reductions in open water 
and overwintering habitat, impediments to fish movements, changes in habitat, redistribution of fish 
stocks, and emigration of fish, other stressors such as commercial fishing, and natural variability. The 
following sections provide discussion of the effects of the major stressors on Lake Whitefish stocks in the 
area. 

Factor: Effects of Changes to the Water Regime and Other Factors on Fish Habitat 

Information on changes to the water regime (Chapter 4.3) and other factors is discussed in Section 
5.3.8.3.1. 

The LWCNRSB predicted that there would be a reduction in Lake Whitefish populations within the lower 
Churchill River lakes in response to CRD (Hecky and Ayles 1974b; Ayles et al. 1974). Ayles et al. (1974) 
cited that the main effects of CRD would be a loss of existing spawning sites, drawdown during fall and 
winter that would potentially expose eggs, and destruction of the existing littoral zone that would decrease 
the amount of food available to Lake Whitefish. Ayles et al. (1974) did state that new spawning habitat 
would develop once deposited silt had been cleaned on the newly established substrates of suitable 
depth. Hecky and Ayles (1974b) stated that fish populations would eventually respond to the general 
reduction in the productivity of the lower trophic levels, but that a reduction in the Lake Whitefish 
population would almost certainly occur. 

There are no quantitative pre-CRD data from any locations along the lower Churchill River from which to 
make comparisons pre- and post-CRD using the presented metrics for Lake Whitefish. However, data 
collected from 1973 suggests that Lake Whitefish were a fairly major component of the fish community in 
Partridge Breast, Northern Indian, and Fidler lakes. 

Data collected from Northern Indian Lake in 1981 show that Lake Whitefish CPUE was lower than the 
mean CPUE for Northern Indian Lake and most Churchill River waterbodies during the current time 
period (2008–2013) (Figures 5.3.8A-8 and 5.3.8A-9). It may have been that Lake Whitefish abundance 
was low at that time due to the marked changes in fish habitat. However, the role of the commercial 
fishery cannot be overlooked as a factor that may have led to depressed Lake Whitefish stocks at this 
time (Section 5.3.8.3.1). 

In the reach of the lower Churchill River within the Split Lake Cree study area, consultant assessment and 
comments indicated that the reduced size of the river and reduced habitat is likely to have reduced fish 
production in the river and altered composition of the fish community (Volume 3, Split Lake 
Cree-Manitoba Hydro Joint Study Group 1996). It can be expected that the abundance of Lake Whitefish 
stocks was affected. 

There are no quantitative studies to compare pre- and post-CRD Lake Whitefish populations in the most 
downstream reach of the Churchill River. Lake Whitefish were reported by survey respondents as being 
one of the more common species in the lower Churchill River (Boothroyd & Associates 1992; 
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Edye-Rowntree et al. 2006) and the harvest of Lake Whitefish in Goose Creek is specifically mentioned 
by respondents in Remnant and Bernhardt (1994) and Edye-Rowntree et al. (2006). 

The lack of quantitative pre-CRD studies precludes the ability to compare metrics between pre- and 
post-CRD Lake Whitefish populations. For Northern Indian Lake, it is possible to look at data collected in 
1981 and compare it to data collected between 2008 and 2013. For Northern Indian Lake, and the 
remaining waterbodies, data collected between 2008 and 2013 can be compared among on-system 
waterbodies and to data collected from Gauer Lake and the Hayes River. Lake Whitefish populations in 
the most downstream reach of the lower Churchill River will be discussed in the next section (effects of 
the Churchill Weir). 

CPUE data suggest that Lake Whitefish abundance in the upstream lakes is comparable to those of 
Gauer Lake, the lacustrine off-system waterbody. Although sample sizes are limited in some waterbodies, 
mean Lake Whitefish CPUE in both Fidler and Billard lakes were slightly higher than that of Gauer Lake 
and mean Lake Whitefish CPUE in both Partridge Breast and Northern Indian lakes were slightly lower 
than that of Gauer Lake. Additionally, CPUE data for Northern Indian Lake suggests that the current 
abundance of Lake Whitefish is higher than it was in 1981. Lake Whitefish CPUE in the more downstream 
riverine reaches of the lower Churchill River are lower, but comparable with that of the off-system riverine 
waterbody, the Hayes River. 

An examination of the condition and growth of Lake Whitefish shows that values for both are fairly 
comparable across all on-system waterbodies and comparable with those of Gauer Lake. These data 
suggest that Lake Whitefish in the lower Churchill River are feeding and growing at rates comparable with 
those of Gauer Lake. Lake Whitefish from Northern Indian Lake appear to have the lowest condition 
factor among the waterbodies, but the mean condition factor is higher now than it was in 1981. 

Relative year class strength of Lake Whitefish were presented for on-system waterbodies 
(Northern Indian Lake and the Confluence) and Gauer Lake to look for weak or missing year classes, an 
effect that was predicted by Ayles et al. (1974). As expected, year class strength is variable and is likely 
affected by several factors. At Gauer Lake strong year classes (> 100) were found in three of nine years, 
while weak year classes (< 50) were not found in any of the nine years. At both Northern Indian Lake and 
the Confluence, strong year classes were produced in two of nine years and poor year classes were 
produced in one of nine years. These data suggest that reproductive success may be more stable in the 
off-system waterbody when compared to the on-system waterbodies. 

Factor: Effects of Changes to Sedimentation and Water Quality 

Changes in sedimentation and water quality are discussed in Section 5.3.8.3.1. 

Factor: Effects of Obstructions to Upstream Movements/Alterations to Downstream Movements 

The effects of obstructions to fish movements due to the Missi Falls CS are discussed in 
Section 5.3.8.3.1. 
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Factor: Effects of Construction of the Churchill Weir 

As discussed, there are no quantitative studies to compare pre- and post-CRD Lake Whitefish 
populations in the most downstream reach of the Churchill River. The post-CRD, pre-Churchill Weir fish 
community of the portion of the lower Churchill River that would be affected by the construction of the 
Churchill Weir was sampled between 1994 and 1996. Mean CPUE for Lake Whitefish was 
1.8 fish/100 m/24 h, with annual means ranging from 1.0 to 2.9 fish/100 m/24 h (Figure 5.3.8A-9). In the 
immediate post-Churchill Weir period (1999–2006), mean CPUE for Lake Whitefish was 
3.1 fish/100 m/24 h, with annual means ranging from 0.7 to 6.0 fish/100 m/24 h (Figure 5.3.8A-9). The 
waterbody impounded by the Churchill Weir was sampled twice (2008 and 2013) in the 2008–2013 time 
period. Mean CPUE for the Lake Whitefish was 8.9 fish/100m/24 h, with annual means of 11.7 and 
6.1 fish. Comparison of mean and annual CPUE values for the three time periods suggests that Lake 
Whitefish abundance has increased following construction of the Churchill Weir. 

Condition of Lake Whitefish in the area immediately upstream of the Churchill Weir has also increased 
over the three time periods (Figure 5.3.8A-11). Growth and relative year class strength information are 
not available for the Churchill Weir as ageing structures were not taken consistently from fish collected as 
part of Churchill Weir studies. 

Although no information is available on growth, Lake Whitefish captured in the area upstream of the 
Churchill Weir during fall are small, with a mean length of 299 mm in 2013 (range of 160–481 mm) 
(Hertam et al. 2014). However, Lake Whitefish captured at this location in fall have always been small, 
with annual mean lengths ranging from 219 to 353 mm, and on only two occasions exceeding the 2013 
value for mean length (Hertam et al. 2014). Very few adult Lake Whitefish appear to use the area 
upstream of the Churchill Weir during fall. 

However, during spring Lake Whitefish captured in the area upstream of the Churchill Weir are 
also small. The mean length of Lake Whitefish captured during spring 2013 was 316 mm, with a range of 
184–474 mm (Hertam et al. 2014). A comparison of the length of Lake Whitefish captured during spring at 
two sites that have been fished consistently since 1994 show small sample sizes and more variability 
than fall captures, with mean lengths ranging from 232–434 mm (Hertam et al. 2014). Again, the majority 
of these fish appear to be non-adults. 

Prior to construction of the Churchill Weir, large numbers of Lake Whitefish were captured in Goose 
Creek during spring 1993 (439) and 1995 (127) and during fall 1993 (796) and 1995 (232) (Bernhardt and 
Holm 2005). The majority of these Lake Whitefish moved into Goose Creek during spring and moved out 
of Goose Creek into the Churchill River during fall (Manitoba Hydro and the Town of Churchill 1997). 
Lake Whitefish of all sizes were captured, including large, adult fish, particularly during spring. Following 
construction of the Churchill Weir, very few Lake Whitefish were captured in Goose Creek (Bernhardt and 
Holm 2005). 

In September 1994, 29 adult Lake Whitefish were captured moving up the Deer River (Bernhardt 1995b). 
The majority of these fish were adults that were maturing to spawn in the current year suggesting that 
Lake Whitefish ascend the Deer River, at least in some years, to spawn. In spring 1995, one of these 
Lake Whitefish was recaptured moving up Goose Creek (Remnant and Kitch 1996a). Prior to construction 
of the Churchill Weir, the available information suggested that variable numbers of Lake Whitefish 
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ascended Goose Creek in the spring to access feeding habitat in the creek and upstream in Warkworth 
Lake. They then descended Goose Creek in the summer and fall returning to the Churchill River to 
overwintering habitat and, for some adults, spawning habitat. Some proportion of these Lake Whitefish 
were known to ascend tributaries such as the Deer River and Herriot Creek to spawn. Presently, Lake 
Whitefish appear to have abandoned the use of Goose Creek, but abundance of Lake Whitefish has 
increased in the area upstream of the Churchill Weir. It may be that, following construction of the Churchill 
Weir, Lake Whitefish prefer to remain within the Churchill River mainstem and feed in newly rewatered 
areas, rather than move up Goose Creek (Bernhardt and Holm 2007). It is expected that adults are using 
habitat farther upstream in the Churchill River during fall, and likely spawn farther upstream in the 
mainstem or in tributaries. 

Factor: Effects of Fisheries 

The commercial fishery for Lake Whitefish is discussed in Section 5.3.8.3.1. 

5.3.8.3.3 Walleye 

INDICATOR: ABUNDANCE 

Metric: Catch-Per-Unit-Effort 

A comparison of standardized CPUE values for Walleye from standard gang index gill nets set from 
various waterbodies within Area 4 is presented in Figure 5.3.8A-14. Walleye mean CPUE ranged from 
0.1 fish/100 m/24 h at the Churchill Weir to 20 fish in Northern Indian Lake. Unlike total catch, there was 
no clear trend towards decreasing CPUE with downstream movement, nor any clear difference between 
lacustrine and riverine sites. However, the lowest values for Walleye CPUE were found at the farthest 
downstream sites (Red Head Rapids and the Churchill Weir) (Figure 5.3.8A-14). 

Mean CPUE for Walleye for Gauer Lake was comparable to that of Northern Indian Lake near the upper 
end of the on-system sites. Mean CPUE of Walleye for the Hayes River was lower than that of the 
Confluence but higher than those of Red Head Rapids and the Churchill Weir (Figure 5.3.8A-14). 

The mean CPUE for Walleye in Northern Indian Lake is considerably higher in the 2008–2013 period 
(20 fish/100 m/24 h) when compared with 1981 (four fish) (Figure 5.3.8A-15), suggesting that the 
abundance of Walleye has increased. 

Mean CPUE for Walleye at the Churchill Weir is compared over three time periods in Figure 5.3.8A-15. 
Walleye CPUE was very low in the pre-Weir period, showed some increase following construction of the 
Weir, and has since declined somewhat in the 2008–2013 period (Figure 5.3.8A-15). Overall, Walleye 
CPUE has remained low over all three time periods. 
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INDICATOR: CONDITION 

Metric: Fulton’s Condition Factor (KF) 

Condition of Walleye is relatively similar among Area 4 waterbodies with means ranging from 1.06 in 
Billard Lake to 1.30 at the Churchill Weir (Figure 5.3.8A-16). Waterbodies with high mean condition 
factors for Walleye tended to be those with smaller sample sizes. The mean condition factors for Walleye 
from Gauer Lake (1.12) and the Hayes River (1.08) are comparable with those of the on-system 
waterbodies. 

Mean condition factor for Walleye in Northern Indian Lake was fairly comparable for 1981 (1.11) and the 
period of 2008–2013 (1.09 with a range from 1.06 to 1.10) (Figure 5.3.8A-17). 

Mean condition factor of Walleye has decreased somewhat over time at the Churchill Weir 
(Figure 5.3.8A-17). However, the values are based on fairly small sample sizes of Walleye, particularly for 
1994–1996. 

INDICATOR: GROWTH 

Metric: Length at Age 

Fork length growth curves were calculated for all Walleye that had otoliths collected, including Gauer 
Lake, using a von Bertalanffy growth model (Table 5.3.8A-3; Figure 5.3.8A-18). A plot of the Walleye von 
Bertalanffy growth curves shows that there was little difference among lakes sampled. Walleye sampled 
from Billard Lake appeared to have the highest theoretical maximum length (L∞ = 615). Although 
Partridge Breast Lake Walleye had a higher estimated theoretical maximum length (L∞ = 666), this 
number is thought to be slightly skewed, caused in part, by a lack of older fish (i.e., > 15 years-of-age). 
This also resulted in a very low estimated k value (k = 0.09). The Northern Indian Lake 1981 curve suffers 
from both a lack of young fish (i.e., < 5 years-of-age) and a lack of older fish (i.e., > 14 years-of-age), 
leading to inflated k value (k = 0.29), but a low theoretical maximum length (L∞ = 463). 

Metric: Relative Year Class Strength 

To explore temporal comparisons for growth, relative year class strength was calculated for Walleye. This 
analysis could only be conducted for those waterbodies with a minimum of three successive years of 
ageing data so it is restricted to two on-system waterbodies (Northern Indian Lake and the Confluence) 
and Gauer Lake. 

The relative year class strength of Walleye at Northern Indian Lake, the Confluence, and Gauer Lake are 
presented in Figure 5.3.8A-19. At Northern Indian Lake, a very strong year class was produced in 2008, 
with poor year classes in 2004 to 2006. At the Confluence, strong year classes were produced from 
2002–2006 with particularly poor year classes produced in 2001 and 2008. Strong year classes were 
produced in Gauer Lake in 2000–2002 and 2007, with weak year classes from 2004–2006. At the three 
waterbodies, strong cohorts of Walleye (>100) were produced in about half of the years between 2000 
and 2008. 
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DISCUSSION: FACTORS AFFECTING WALLEYE OVER TIME 

Limited information is available regarding Walleye in Area 4 prior to CRD. 

In 1973, three of the upstream lakes (Partridge Breast, Northern Indian, and Fidler) were sampled as part 
of baseline studies for the LWCNRSB (Hecky and Ayles 1974b; Ayles et al. 1974). Walleye were not a 
major component of the catch in any of the three lakes, although CPUE in Northern Indian Lake was 
comparable to average CPUE in SIL (Hecky and Ayles 1974b). 

No pre-CRD fish community data are available for the Churchill River mainstem downstream of Fidler 
Lake. Neither Walker (1931) nor Keleher (1953) documented Walleye from catches in the Churchill River 
estuary between Mosquito Point and the mouth. 

Walleye were one of the more abundant species in the upstream lakes, accounting for approximately 
10-35% of the large-bodied fish community in each of the four lakes. Walleye accounted for over 30% of 
the catch at both Northern Indian and Billard lakes, 17% of the catch at Partridge Breast Lake, and 10% 
of the catch at Fidler Lake (Figure 5.3.8A-3). Walleye were also abundant at the Confluence, where they 
accounted for approximately 29% of the catch. Walleye accounted for 21% of the catch at Red Head 
Rapids, but the catch was small. Walleye accounted for less than 1% of the catch at the Churchill Weir. 
Walleye comprise approximately 25% of the catch at Gauer Lake and 30% of the catch at the Hayes 
River.  

Unlike total catch, Walleye CPUE does not appear to show a clear trend towards decreasing fish capture 
rates with downstream movement, nor any clear difference between lacustrine and riverine sites. 
Currently, Walleye are one of the more abundant species in the upstream lakes, but mean CPUE showed 
considerable variability among lakes. Mean CPUE at Northern Indian (20.3 fish/100 m/24 h) and Billard 
(16.9 fish) lakes were both fairly high, CPUE at Partridge Breast Lake (10.5 fish) was intermediate, and 
CPUE at Fidler Lake (4.7 fish) was fairly low (Figure 5.3.8A-14). Walleye are also somewhat abundant at 
the Confluence, with a CPUE of 12.7 fish. Work conducted in 2013 in a reach of the lower Churchill River 
between Swallow Rapids and the mouth of the Little Beaver River (Map 5.3.8A-1) found that Walleye 
comprised approximately 30.5% of the gillnet catch in a study designed to target the capture of juvenile 
Lake Sturgeon (Blanchard et al. 2014). Although mesh sizes and depth of net differed somewhat, Walleye 
CPUE in that study was approximately 8.6 fish/100 m/24 h. Abundance declined substantially with 
movement farther downstream. CPUE at Red Head Rapids and the Churchill Weir was 0.7 fish and 
0.1 fish, respectively (Figure 5.3.8A-14). Reasons for the marked decline in Walleye abundance 
downstream of the Confluence, or perhaps the Little Beaver River, are unknown, but may be related to 
higher gradients, lack of suitable water depth, and/or absence of larger tributaries for spawning.  

Mean CPUE for Walleye for Gauer Lake was comparable to that of Northern Indian Lake near the upper 
end of the on-system sites. Mean CPUE for Walleye for the Hayes River was somewhat higher than those 
of the two most downstream sites on the Churchill River (Figure 5.3.8A-14). 

Walleye abundance in Northern Indian Lake appears to have increased considerably since 1981 with the 
current mean CPUE of 20.3 fish/100 m/24 h approximately five times as high as that of the 1981 value 
(4.2 fish; Figure 5.3.8A-15). Walleye abundance at the Churchill Weir was very low during the 
pre-Churchill Weir studies (CPUE of 0.01 fish/100 m/24 h), increased somewhat to 0.3 fish during the 
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immediate post-Churchill Weir period, and then fell back slightly to 0.2 fish during the current period 
(Figure 5.3.8A-15). 

Walleye stocks along the lower Churchill River may be affected by hydroelectric development through 
several linkages, including reductions and changes in flow patterns, reductions in open water and 
overwintering habitat, impediments to fish movements, changes in habitat, redistribution of fish stocks, 
and emigration of fish, other stressors such as commercial fishing, and natural variability. The following 
sections provide discussion of the effects of the major stressors on Walleye stocks in the area. 

Factor: Effects of Changes to the Water Regime and Other Factors on Fish Habitat 

Information on changes to the water regime and other factors is discussed in Section 5.3.8.3.1. 

The LWCNRSB predicted that there would be a reduction in Walleye production within the lower Churchill 
River lakes in response to CRD (Hecky and Ayles 1974b; Ayles et al. 1974). Ayles et al. (1974) felt that 
spawning may be affected because lake spawners would have to adjust to new spawning sites once 
deposited silt had been cleaned off the newly established substrates of suitable depth. Stream spawning 
was not expected to be affected unless access to the streams was impeded (Ayles et al. 1974). Overall, a 
reduction in Walleye production from the three lakes was expected due to the reduction in the littoral zone 
and a resulting general reduction in the food base. 

There are no quantitative pre-CRD data from any locations along the lower Churchill River from which to 
make comparisons pre- and post-CRD using the presented metrics for Walleye. However, data collected 
from 1973 suggests that Walleye were a minor component of the fish community in Partridge Breast and 
Fidler lakes and somewhat more abundant in Northern Indian Lake (Ayles et al. 1974; Hecky and Ayles 
1974b). 

Data collected from Northern Indian Lake in 1981 show that Walleye CPUE was considerably lower than 
the mean CPUE for Northern Indian Lake and lower than many of the Churchill River waterbodies during 
the current time period (2008–2013) (Figures 5.3.8A-14 and 5.3.8A-15). It may have been that Walleye 
abundance was low at that time due to the marked changes in fish habitat. However, Walleye were not a 
major component of the Northern Indian Lake fish community, nor that of Partridge Breast or Fidler lakes, 
during 1973 (Ayles et al. 1974). 

The apparent increase in the abundance and relative abundance of Walleye in Northern Indian Lake 
suggests that altered habitat conditions in Northern Indian Lake have produced suitable conditions for the 
increased production of Walleye. However, the increase in Walleye production and reduction in Lake 
Whitefish production is characteristic of many waterbodies in northern Manitoba in which Walleye 
populations have increased while Lake Whitefish stocks have declined. 

In the reach of the lower Churchill River within the Split Lake Cree study area, consultant assessment and 
comments indicated that the reduced size of the river and reduced habitat is likely to have reduced fish 
production in the river and altered composition of the fish community (Volume 3, Split Lake 
Cree-Manitoba Hydro Joint Study Group 1996). It can be expected that the abundance of Walleye stocks 
was affected. 
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There are no quantitative studies to compare pre- and post-CRD Walleye populations in the most 
downstream reach of the Churchill River. However, Walleye were not reported by survey respondents as 
being one of the more common species in the lower Churchill River (Boothroyd & Associates 1992; 
Edye-Rowntree et al. 2006) and, therefore, it is thought that Walleye were not a major component of the 
Churchill River fish community in the most downstream reach of the lower Churchill River. 

The lack of quantitative pre-CRD studies precludes the ability to compare metrics between pre- and 
post-CRD Walleye populations. For Northern Indian Lake, it is possible to look at data collected in 1981 
and compare it to data collected between 2008 and 2013. For Northern Indian Lake, and the remaining 
waterbodies, data collected between 2008 and 2013 can be compared among on-system waterbodies 
and to data collected from Gauer Lake and the Hayes River. Walleye populations in the most downstream 
reach of the lower Churchill River will be discussed in the next section (effects of the Churchill Weir). 

CPUE data suggest that Walleye abundance in Northern Indian and Billard lakes are comparable to those 
of Gauer Lake. Mean Walleye CPUE in Partridge Breast Lake and at the Confluence were somewhat 
lower than that of Gauer Lake. The CPUE at Fidler Lake was considerably lower than those of the other 
upstream lakes and comparable with that of the Hayes River. CPUEs at Red Head Rapids and the 
Churchill River were very low. CPUE data for Northern Indian Lake suggests that the current abundance 
of Walleye is much higher than it was in 1981. 

An examination of the condition and growth of Walleye shows that values for both are fairly comparable 
across all on-system waterbodies and comparable with those of Gauer Lake and the Hayes River. In 
general, the sites with the lowest CPUEs and smallest sample sizes tended to have the highest condition 
factors. Mean condition factor for Walleye in Northern Indian Lake was fairly comparable for 1981 and the 
period of 2008–2013. 

The relative year class strength of Walleye at Northern Indian Lake, the Confluence, and Gauer Lake are 
presented in Figure 5.3.8A-19. At Northern Indian Lake, a very strong year class was produced in 2008, 
with poor year classes in 2004 to 2006. At the Confluence, strong year classes were produced from 2002 
to 2006 with particularly poor year classes produced in 2001 and 2008. Strong year classes were 
produced in Gauer Lake in 2000–2002 and 2007, with weak year classes in 2004–2006. At the three 
waterbodies strong cohorts of Walleye (> 100) were produced in about half of the years between 2000 
and 2008. 

Relative year class strength of Walleye were presented for on-system waterbodies (Northern Indian Lake 
and the Confluence) and Gauer Lake to look for weak or missing year classes. As expected, year class 
strength is variable and is likely affected by several factors. At Gauer Lake strong year classes (> 100) 
were found in four of the eight years, while weak year classes (< 50) were found in one of the eight years. 
At Northern Indian Lake and the Confluence, strong year classes were produced in four of nine years and 
poor year classes were produced in either one (Northern Indian) or two (the Confluence) of the nine 
years. These data suggest that reproductive success appears similar between on- and off-system 
waterbodies. 
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Factor: Effects of Changes to Sedimentation and Water Quality 

Changes in sedimentation and water quality are discussed in Section 5.3.8.3.1. 

Factor: Effects of Obstructions to Upstream Movements/Alterations to Downstream Movements 

The effects of obstructions to fish movements due to the Missi Falls CS are discussed in Section 
5.3.8.3.1. 

Factor: Effects of Construction of the Churchill Weir 

As discussed, there are no quantitative studies to compare pre- and post-CRD Walleye populations in the 
most downstream reach of the Churchill River. The post-CRD, pre-Churchill Weir fish community of the 
portion of the lower Churchill River that would be affected by the construction of the Churchill Weir was 
sampled between 1994 and 1996. Mean CPUE for Walleye was 0.01 fish/100 m/24 h, with annual means 
ranging from 0.0 to 0.02 fish/100 m/24 h (Figure 5.3.8A-15). In the immediate post-Churchill Weir period 
(1999–2006), mean CPUE for Walleye was 0.28 fish/100 m/24 h, with annual means ranging from 0.03 to 
0.58 fish/100 m/24 h (Figure 5.3.8A-15). The waterbody impounded by the Churchill Weir was sampled 
twice (2008 and 2013) in the 2008–2013 time period. Mean CPUE for Walleye was 0.16 fish/100 m/24 h, 
with annual means of 0.11 and 0.20 fish. Comparison of mean and annual CPUE values for the three 
time periods suggests that Walleye abundance has remained low since construction of the Churchill Weir. 

Mean condition factor of Walleye in the area immediately upstream of the Churchill Weir has decreased 
somewhat over the three time periods (Figure 5.3.8A-17). Growth and relative year class strength 
information are not available for the Churchill Weir as ageing structures were not taken consistently from 
fish collected as part of Churchill Weir studies. 

Walleye do not appear to have ever been very abundant in the lower Churchill River near Churchill, and 
pre-Churchill Weir catches of Walleye were very low. The Churchill Weir was expected to increase the 
abundance of species that preferred lacustrine habitat (Bernhardt and Holm 2007), although Walleye 
were not specifically mentioned in the EIS for the Project as one of the species expected to increase in 
abundance (Manitoba Hydro and the Town of Churchill 1997), presumably due to their low pre-Project 
numbers. However, larval Walleye were captured in the Munk River, a tributary of the lower Churchill 
River located approximately 20 km upstream of CR30, in one of two years that the tributary was sampled, 
and it was thought that there was some potential for Walleye to establish themselves in the area 
upstream of the Churchill Weir. It was stated in the EIS that stocking of Walleye in the area upstream of 
the Churchill Weir would be considered if they did not naturally establish themselves (Manitoba Hydro 
and the Town of Churchill 1997). Walleye have yet to become abundant in the area upstream of the 
Churchill Weir and stocking has not been conducted. 

Factor: Effects of Fisheries 

The commercial fishery for Walleye is discussed in Section 5.3.8.3.1. 
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5.3.8.4 Cumulative Effects of Hydroelectric Development on the 
Fish Community from Missi Falls Control Structure to the 
Churchill River Estuary 

There is limited information available regarding the fish community in Area 4 prior to CRD. Although some 
data were collected from Partridge Breast, Northern Indian, and Fidler lakes in 1973 by the LWCNRSB, 
the data were not presented in a form that allowed comparison of quantitative metrics with those 
produced for post-CRD studies. No quantitative pre-CRD fish community data were available for the 
Churchill River mainstem downstream of Fidler Lake. 

In 1973, the fish communities of Partridge Breast, Northern Indian, and Fidler lakes were considered fairly 
typical of Churchill River lakes (including SIL and lakes farther upstream in Saskatchewan). The catch in 
all three study lakes was dominated by Lake Whitefish, Northern Pike, and suckers, with Lake Whitefish 
and Northern Pike accounting for nearly equal proportions of the catch by weight. Walleye, Cisco, Yellow 
Perch, and Lake Trout were present, but were not common in the catches. Overall, CPUE was similar to 
those of SIL and lakes farther upstream in the Churchill River. 

Prior to CRD, Partridge Breast, Northern Indian, Fidler, and Billard lakes (upstream lakes) all supported 
commercial fisheries of varying levels of intensity and duration. For example, Northern Indian Lake was 
fished virtually every year from 1948 to 1974 with a 1973 quota of 40,823 kg of Lake Whitefish, Walleye, 
and Lake Trout while Billard Lake was only fished sporadically and no more than 11,000 kg was marketed 
in any one year. In 1975, Manitoba Hydro and the Special Agriculture and Rural Development Act fund 
provided a subsidy to fishers to conduct salvage fisheries in the upstream lakes prior to CRD, as it was 
thought that the lakes would no longer be productive. That year 17,000 kg of Lake Whitefish and Northern 
Pike were harvested from Partridge Breast Lake, 281,000 kg of Lake Whitefish, Northern Pike and 
Walleye were harvested from Northern Indian Lake, approximately 13,000 kg of Lake Whitefish and 
Northern Pike were harvested from Fidler Lake, and 11,000 kg (primarily Lake Whitefish) were harvested 
from Billard Lake. 

CRD resulted in a substantial reduction in the absolute and relative discharge of the upper Churchill River 
to the lower Churchill River area and an increase in the importance of local inflows moving downstream. 
At the outlet of Fidler Lake, median monthly flows were reduced by 83–93%. At Red Head Rapids, 
median monthly flows were reduced by 63–91%. In the more downstream portions of the Churchill River 
the contribution of local inflows resulted in a hydrograph that mimicked the shape of that of the 
unregulated flows. Other hydrologic analyses showed that reductions in water level as a result of CRD 
vary along the lower Churchill River, with declines in average water levels ranging from approximately 
2.3 m at Northern Indian Lake to approximately 4.6 m at Fidler Lake. Although tributary flows were likely 
not substantially affected by CRD, a combination of reduction in Churchill River water level and, in a few 
locations, the deposition of coarse-grained materials transported by tributaries, have resulted in the 
formation of alluvial fans at the mouths of these tributaries. The amount of riverbed exposed as a result of 
CRD has been estimated at 204 km2. The diversion of 83–93% of the median monthly flows at the outlet 
of Fidler Lake, resulting in the decrease in water depth of up to approximately 4.6 m and the exposure of 
over 200 km2 of riverbed, indicates that there has been a substantial reduction in the amount of available 
fish habitat in the lower Churchill River. 
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Based on 2008–2013 (current) data, the fish communities in the upstream lakes are typical of those of 
shallow, turbid, northern waterbodies. Although relative abundance varies among waterbodies, the 
communities tend to be dominated by Lake Whitefish. Walleye, Northern Pike, and White Sucker, with 
smaller numbers of Longnose Sucker, Cisco, Burbot, and Yellow Perch. It is thought that some proportion 
of the fish community in Partridge Breast Lake and perhaps the other upstream lakes are migrants from 
SIL. Moving downstream, the major difference in species composition at the Confluence is that the most 
abundant species is Lake Sturgeon, although the remaining species are fairly similar to that of the 
upstream lakes. The fish community upstream of the Churchill Weir is currently dominated by Lake 
Whitefish and Northern Pike, with smaller numbers of White Sucker, Longnose Sucker, and Cisco. 
Walleye are a very minor component of the fish community at that location. 

The fish community of Gauer Lake (lacustrine reference waterbody) is also dominated by Lake Whitefish, 
Walleye, Northern Pike, and White Sucker, with smaller numbers of Cisco and Yellow Perch. The most 
common species captured in the Hayes River (riverine reference waterbody) are Walleye and Lake 
Sturgeon with smaller numbers of Longnose Sucker and White Sucker. 

Currently, total catch CPUE among the on-system waterbodies range from 60 to 65 fish/100 m/24 h at the 
upstream end of Area 4 (Partridge Breast and Northern Indian lakes), 45 to 55 fish at Fidler and Billard 
lakes, 45 fish at the Confluence, less than five fish at Red Head Rapids, and 10 to 15 fish upstream of the 
Churchill Weir. Fish capture rates in the off-system waterbodies are 80 fish/100 m/24 h for Gauer Lake 
and 10 fish in the Hayes River. Similar to CPUE, an index that incorporated measures of diversity and 
evenness showed some tendency to decrease with movement down the Churchill River. 

Current CPUE data suggests that the abundance of Lake Whitefish in the upstream lakes is comparable 
to that of Gauer Lake. Mean CPUE of Lake Whitefish in both Fidler and Billard lakes was slightly higher 
than that of Gauer Lake and mean CPUE in both Partridge Breast and Northern Indian lakes were slightly 
lower than that of Gauer Lake. Lake Whitefish CPUE in the more downstream riverine reaches of the 
lower Churchill River are lower, but comparable with that of the Hayes River. Condition and growth of 
Lake Whitefish are fairly comparable across all on-system waterbodies and with those of Gauer Lake. 
These data suggest that Lake Whitefish in the lower Churchill River are feeding and growing at rates 
comparable with the off-system reference. Relative year class strength (an index of reproductive success) 
of Lake Whitefish was calculated for Northern Indian Lake, the Confluence, and Gauer Lake to look for 
weak or missing year classes, an effect that was predicted by the LWCNRSB. As expected, year class 
strength was variable and is likely affected by several factors. Results showed that a slightly higher 
number of poor year classes and a slightly lower number of strong year classes were produced in the on-
system waterbodies, suggesting that reproductive success may be more stable in the off-system 
waterbody. 

Walleye CPUE in Northern Indian and Billard lakes was found to be comparable to those of Gauer Lake. 
Mean Walleye CPUE in Partridge Breast Lake and at the Confluence was somewhat lower than that of 
Gauer Lake. The CPUE at Fidler Lake was considerably lower than those of the other upstream lakes. 
CPUEs at Red Head Rapids and upstream of the Churchill Weir were very low and lower than that of the 
Hayes River. An examination of the condition and growth of Walleye suggests that values for both are 
fairly comparable across all on-system waterbodies and comparable with those of the reference 
waterbodies. Relative year class strength of Walleye was calculated for Northern Indian Lake, the 
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Confluence, and Gauer Lake. Results showed that reproductive success was similar between on- and off-
system waterbodies. 

Although there are no quantitative pre-CRD data to compare to, data collected from Northern Indian Lake 
in 1981, post-CRD and post-salvage fishery, were available for comparison with current data. The 1981 
data show that fish capture rates were fairly high (72 fish/100 m/24 h), only slightly lower than current 
values for Gauer Lake (80 fish/100 m/24 h). Almost half of the catch was composed of White Sucker and 
a quarter of the catch was composed of Lake Whitefish. Walleye made up less than 5% of the catch. 
Currently, the mean CPUE (61 fish/100 m/24 h) for Northern Indian Lake is slightly lower than it was in 
1981, but still relatively high compared to the other on- and off-system waterbodies. Walleye are currently 
the most abundant species in the lake, followed by White Sucker and Lake Whitefish. The increase in the 
relative abundance of Walleye in Northern Indian Lake is likely related to changes in habitat and appears 
to be a fairly consistent pattern within northern Manitoba waterbodies. CPUE data suggests that the 
current abundance of Lake Whitefish is higher than it was in 1981. Although Lake Whitefish from Northern 
Indian Lake appear to have the lowest condition factor among the sampled waterbodies, the mean 
condition factor is higher now than it was in 1981. CPUE data indicates that the current capture rate of 
Walleye is much higher than it was in 1981. Mean condition factor for Walleye in Northern Indian Lake 
was fairly comparable for 1981 and the current period. 

The Churchill Weir was constructed in 1998 and 1999 to raise the water level by 2 m at the weir, thereby 
increasing the amount and productivity of fish habitat, and therefore fish, in a 10 km long reach of the 
Churchill River near Churchill. Although no pre-CRD studies were conducted, available information 
indicated that fish were relatively abundant in the area and that the most common species were Northern 
Pike, Lake Whitefish, Arctic Grayling, Brook Trout, and Longnose Sucker. Pre-Churchill Weir data 
collected between 1994 and 1996 in the area that would be affected by the Churchill Weir showed that 
the mean CPUE for the total catch was 7 fish/100 m/24 h, with Northern Pike, Lake Whitefish, and White 
Sucker being the three most abundant large-bodied species in the catch. In the immediate post-Churchill 
Weir period (1999–2006), mean CPUE for the total catch was 7.5 fish/100 m/24 h, with Lake Whitefish 
and Northern Pike accounting for over 80% of the catch and White Sucker accounting for 9% of the catch. 
In the current period, mean CPUE for the total catch was 12.5 fish/100m/24 h. The catch in the current 
period is dominated by Lake Whitefish, accounting for over 73% of the catch, followed by Northern Pike 
(19%) and White Sucker (3.5%). While mean total catch CPUE has increased since construction of the 
Churchill Weir, diversity index numbers have decreased reflecting a fish community that is now 
dominated by two species, Lake Whitefish and Northern Pike. Lake Whitefish CPUE has increased from 
1.8 fish/100 m/24 h in the pre-Churchill Weir period to 8.9 fish in the current period. Northern Pike CPUE 
increased from 1.1 fish100 m/24 h in the pre-Churchill Weir period to 2.7 and 2.4 fish100 m/24 h in the 
immediate post-Churchill Weir and current time periods, respectively. Mean CPUE for White Sucker has 
remained fairly constant at 0.5–0.6 fish over the three time periods while mean CPUE for Longnose 
Sucker has declined somewhat since construction of the Churchill Weir. 

Although index gillnet data suggests that the abundance of Longnose and White suckers have not 
changed considerably in the lower Churchill River, movements of these species into Goose Creek, and 
possibly Herriot Creek, have shown marked declines. Explanations for the marked decline in fish use of 
Goose Creek by all species except Northern Pike following construction and operation of the Churchill 
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Weir remain unclear, although it is possible that the inundation of the mouth of the creek resulted in most 
species choosing alternate habitat for spawning and feeding. 

Despite flow reductions of up to an order of magnitude due to CRD, and a substantial loss of open water 
and presumably overwintering habitat, fish communities have persisted in the four upstream lakes and 
studied riverine reaches within the lower Churchill River. The four upstream lakes and the Confluence all 
support fish capture rates of between 45 and 65 fish/100 m/24 h, somewhat less than that of the off-
system reference (80 fish). The Confluence (45 fish) and the area upstream of the Churchill Weir 
(12.5 fish) currently support fish capture rates greater than that of the riverine reference (10 fish). 
Comparison of 1981 data to current data at Northern Indian Lake shows that overall fish CPUE has 
decreased somewhat but the abundance of Lake Whitefish and particularly Walleye have increased. The 
lake continues to support a commercial fishery, although the quota is lower than it was pre-CRD. 
Comparison of pre-Churchill Weir, immediate post-Churchill Weir and current data from the area 
upstream of the Churchill Weir show that overall CPUE has increased, primarily due to a large increase in 
Lake Whitefish CPUE. While overall CPUE has increased, the fish community is now dominated by only 
two species, Lake Whitefish and Northern Pike. 
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5.3.9 Summary of the Effects of Hydroelectric 
Development in the Region of Interest on Fish 
Community 

• Fish communities were affected by hydroelectric development across the RCEA ROI, although the 
nature and magnitude of effects varied across areas and among waterbodies. Key pathways of effect 
include: flooding; dewatering; changes in water flows; changes in habitat; sediment deposition; and 
creation of blockages or new channels. 

• Assessing the cause of observed changes to the fish community is difficult due to the complex 
interaction of many factors, both related to and independent of hydroelectric development. 

• The majority of the RCEA ROI had little to no pre-hydroelectric development data to describe the fish 
community and the ability to compare among studies done in the decades after development was 
often limited by differences in sampling methods. 

• Despite these data limitations, some effects of hydroelectric development can be inferred and existing 
information provides an overview of the current status of the fish community and two focal species 
(Lake Whitefish and Walleye). 

• The upper Nelson River area was affected by the Kelsey GS, LWR, and for Cross Lake and 
Pipestone Lake, also by the construction of the Cross Lake Weir. 
o The Kelsey GS increased water levels on the Nelson River upstream of the GS up to and 

including Sipiwesk Lake. While there are no pre-Kelsey GS data and limited pre-LWR data, 
available information suggests that Kelsey GS related changes in aquatic habitat resulted in a 
shift in the species composition in Sipiwesk Lake. Between 1966 and 1973, the dominant 
commercial species appeared to shift from Lake Whitefish to Northern Pike. 

o Lake Winnipeg Regulation resulted in a small increase in water levels in lakes upstream of the 
Jenpeg GS, created a new outflow from Lake Winnipeg, and altered the seasonal pattern of 
flows downstream of the Jenpeg GS. 

o The data available for Sipiwesk Lake post-LWR suggests that while there has been little 
change in fish capture rates as indicated by the total CPUE in experimental gill nets, there has 
been a reduction in the capture rates of Lake Whitefish and other species. 

o Lake Winnipeg Regulation did not have a measurable effect on fish populations in Playgreen 
Lake. Catches in experimental gill nets have been increasing since the 1980s and commercial 
quotas were increased twice in the first decade after LWR. There does appear to have been a 
shift in the species composition in the south basin over this period from a community dominated 
by Lake Whitefish and Cisco to one dominated by White Sucker and Walleye. 

o Fish populations in Cross Lake were among the most adversely affected by LWR. Substantial 
declines in fish populations, particularly Lake Whitefish, were attributed to a number of factors, 
including reductions in fish habitat due to drawdowns, dewatering of spawning areas and 
desiccation of the eggs of fall spawners, loss of access to tributaries by spring spawners, and 
winterkills resulting from rapid and early drawdowns.  

o The Cross Lake Weir was developed to mitigate the effects of LWR by increasing the average 
water level and reducing the range of water levels on Cross and Pipestone lakes. Over 
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20 years of post-weir monitoring have shown that total CPUE in Cross and Pipestone lakes has 
stabilized, but Lake Whitefish stocks have not recovered. It is felt that a combination of several 
factors have inhibited the recovery (e.g., effects to spawning habitat, predator barriers, pressure 
from commercial fisheries). 

• Churchill River Diversion flooded approximately 759 km2 of land from Opachuanau and Southern 
Indian lakes through the Rat/Burntwood river system to the Burntwood River inlet at Split Lake, and 
increased the flow of the Burntwood River from a long-term average of approximately 4,000 cfs to 
30,000 cfs (110 m3/s to 850 m3/s). 
o Churchill River Diversion resulted in major changes to fish habitat in SIL and along the 

diversion route. Regulation of Churchill River flows at Missi Falls CS now diverts the majority of 
inflows down the diversion route, changing flow patterns and water residence times within the 
lake considerably. The average water level on SIL was increased by 2.7 m, flooding 
approximately 140 km2 of land. The Rat/Burntwood River area was affected by CRD and its 
associated infrastructure (e.g., South Bay Diversion Channel, Notigi CS, and Manasan Falls 
CS) since 1972/73 and the reach downstream of Early Morning Rapids by construction of the 
Wuskwatim GP since 2006. 

o While there have been some shifts in species composition within SIL, the largest change has 
been a fairly consistent overall lake-wide decline in CPUE of total catch, Lake Whitefish, 
and Walleye, when pre-CRD (1972–1975), immediate post-CRD (1976–1982), and current 
(2008–2013) time periods are compared. 

o In SIL Area 4 (where most of the commercial fishing occurred until 2012), the Lake Whitefish 
population is currently characterized by old, slow growing fish that reach a small maximum size 
and are in poor condition. Potential explanations for the reduction in fish capture rates in all 
areas of SIL, and the slow growth rates and poor condition of the Lake Whitefish in SIL Area 4 
include: 

- decreased survival of Lake Whitefish eggs due to overwinter drawdown and sedimentation; 
- increased emigration of fish out of SIL due to CRD; 
- a reduction in benthic invertebrate production due to sedimentation leading to less/different 

food items for benthic feeding fish, including Lake Whitefish; and 
- effects of a long-term commercial fishery for Lake Whitefish in a regulated lake following 

hydroelectric development. 
o Available information suggests that CRD-related changes in aquatic habitat resulted in a shift in 

the species composition in the diversion route lakes. Between the 1980s and late 1990s, the 
dominant species appeared to shift from Lake Whitefish/Cisco in several of the lakes to Walleye 
and White Sucker. The effects of the Wuskwatim GP are superimposed on the effects from 
CRD. The effects of the station on local fish communities include the loss of aquatic habitat in 
the footprint of instream infrastructure, increased permanently wetted habitat in Wuskwatim 
Lake, and a reduction in the quality of fish habitat downstream of the station. 

• The Nelson River between the Kelsey and Kettle GSs experienced changes in water levels and flows 
downstream of the Kelsey GS; increased flows in winter and changed seasonal flow patterns as a 
result of CRD/LWR; increased erosion and sediment deposition as a result of CRD and flooding; and 
habitat changes, predominantly in the reach impounded by the Kettle GS that became Stephens 
Lake. 
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o Impoundment by the Kettle GS in the early 1970s would have resulted in substantial changes 
to fish community composition and abundance. 

o Since the 1980s (when quantitative data suitable for comparison are available), total CPUE has 
decreased in both Split and Stephens lakes, and species composition changed with an 
increase in Walleye CPUE and a decrease in Lake Whitefish CPUE in both lakes. Over the past 
decade, Walleye CPUE in Split Lake appears to have declined somewhat. In contrast, the fish 
community in Assean Lake, the off-system reference waterbody, was more stable, although 
Lake Whitefish CPUE has declined. 

o The reasons for changes since the mid-1980s cannot be determined, but are likely related to a 
variety of factors which may include changes in flow and climate. 

• The Nelson River downstream of the Kettle GS to the estuary experienced changes in water levels 
and flows downstream of the Kettle, Long Spruce, and Limestone GSs; increased flows in winter and 
changed seasonal flow patterns as a result of CRD/LWR; increased erosion and sediment deposition 
in each of the reservoirs; habitat change in the reaches impounded by each of the GSs; and changes 
to fish movements both upstream and downstream past the GSs. 
o Impoundment by the GSs has resulted in shifts in species composition and abundance in the 

mainstem, but effects are difficult to quantify due to difficulty in sampling the reservoirs and the 
unimpounded river in a comparable manner. 

o A decrease in fish productivity as a result of periodic dewatering of the river as a result of 
cycling at the GSs is not readily apparent as fish move into and out of areas as they become 
wetted on a daily basis. 

o Brook Trout, which inhabit primarily tributary streams, were adversely affected by increased 
angling pressure, infrastructure (e.g., diversions to the Kettle River), flooding of stream habitat, 
and loss of a movement corridor both within the reservoirs and past the GSs. Populations 
affected by multiple stressors were extirpated, while those affected by flooding of habitat and 
loss of movement corridors have persisted but may not be viable in the long-term. Anadromous 
trout, which migrated to coastal waters, are no longer present upstream of the GSs. 

o Cisco occur primarily in the anadromous form in the lower Nelson River. Anadromous Cisco 
likely emigrated from the reservoirs immediately after impoundment. The overall Cisco 
population in the lower Nelson River has declined. The reasons for this decline are not clear. 

• Churchill River Diversion resulted in a substantial reduction in flows down the lower Churchill River. 
At the outlet of Fidler Lake, median monthly flows were reduced by 83–93% while farther downstream 
at Red Head Rapids, median monthly flows were reduced by 63–91%. In the more downstream 
portions of the Churchill River the contribution of local inflows resulted in a hydrograph that mimicked 
the shape of unregulated flows. The reduction in stream flow, and resultant decrease in water levels 
and exposure of riverbed, has led to a substantial reduction in the amount of available fish habitat 
during open water conditions and over winter. The Churchill Weir was constructed in 1998 and 1999 
to raise the water level by 2 m at the weir, thereby increasing the amount and productivity of fish 
habitat in a 10 km-long reach of the Churchill River near Churchill. 
o While there are no pre-CRD data and minimal immediate post-CRD data, available information 

suggests that despite flow reductions of up to an order of magnitude due to CRD, and a 
substantial loss of open water and presumably overwintering habitat, fish communities have 
persisted in the four upstream lakes and studied riverine reaches. The upstream lakes are 
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characterized by fish capture rates that are somewhat lower than that of the off-system 
reference lake, and fish communities that are dominated by Lake Whitefish. Walleye, Northern 
Pike, and White Sucker. Riverine reaches typically have lower fish capture rates. Comparison 
of 1981 data with current data at Northern Indian Lake shows that overall fish CPUE has 
decreased somewhat but that the capture rates of Lake Whitefish and, particularly, Walleye 
have increased. The lake continues to support a commercial fishery, although the quota is 
lower than it was pre-CRD. 

o Comparison of pre-Churchill Weir, immediate post-Churchill Weir and current data from the 
area upstream of the Churchill Weir show that overall fish CPUE has increased, primarily due to 
a large increase in capture rates of Lake Whitefish. While overall CPUE has increased, the fish 
community is now dominated by only two species: Lake Whitefish and Northern Pike. 
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5.4 Lake Sturgeon 

5.4.1 Introduction 
“Sturgeons” are an ancient group of fish that have existed for the last 200 million years 
(Bemis et al. 1997). Worldwide, 25 different species have been described (Bemis and Kynard 1997) with 
Lake Sturgeon (Acipenser fulvescens) the only species endemic to Manitoba waterways. Lake Sturgeon 
occupy a large range in Canada and the United States being found as far north as the Churchill River in 
Manitoba, as far south as Arkansas (Mississippi River), as far west as the Saskatchewan River in Alberta 
and as far east as the St. Lawrence River estuary in Quebec. 

Lake Sturgeon are known for their large size, commonly measuring greater than 1.5 m (4.9 ft) in length, 
and longevity, often reaching 100 years of age. Lake Sturgeon are also known for their life history traits 
that are considered unique among freshwater fish in Canada. Lake Sturgeon become sexually mature at 
a late age, males between 8 and 22 years, and females between 14 and 33 years (Harkness and 
Dymond 1961; Scott and Crossman 1973; McDougall 2011). In addition, Lake Sturgeon are considered 
intermittent spawners; males typically spawn every two to four years and females every three to seven 
years (Scott and Crossman 1973). 

As with the majority of sturgeon species worldwide, most Lake Sturgeon populations are considered 
either rare or threatened (Williams et al. 1989). Throughout their North American range, Lake Sturgeon 
were harvested in large-scale commercial fisheries that severely reduced or completely extirpated many 
populations (Houston 1987; Stewart 2009; Haxton et al. 2014). Other human activities including 
hydroelectric developments, water pollution from pulp and paper mills, illegal harvest and domestic fishing 
have also been listed as factors that have either contributed to declining populations or prevented 
recovery (Committee on the Status of Endangered Wildlife in Canada [COSEWIC] 2006). Lake Sturgeon 
have been designated as a heritage fish species in Manitoba and were assessed as endangered in 
Western Canada by COSEWIC in 2006 (COSEWIC 2006). Lake Sturgeon populations in Western 
Canada are currently being considered for listing under Canada’s Species At Risk Act. 

During the 1800s, Lake Sturgeon were abundant in Manitoba waterways including the Nelson River and 
its tributaries. At this time, the species was valued for isinglass, a preservative made from the 
swimbladder, as well as its flesh and roe (caviar). Demand for sturgeon led to the establishment of a large 
commercial fishery, which began in earnest in the early 1900s. The commercial fishery was closed 
permanently in 1999 because populations had declined to the point that the fisheries were no longer 
viable, and remaining stocks were thought to be in jeopardy. It should be noted that production from the 
Nelson River was last recorded in 1991 (Stewart 2009).  

Lake Sturgeon were selected as a Regional Study Component (RSC) for the Regional Cumulative Effects 
Assessment (RCEA) as they are culturally important to First Nation members, are a favoured domestic 
food in many communities, are a species of conservation concern, and are sensitive to many human 
activities, including habitat changes related to hydroelectric development. 
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The RCEA for Lake Sturgeon follows the assessment areas set out for the other water RSC, which 
divides the RCEA Region of Interest (ROI) into four distinct areas (see Water, Introduction and 
Background, Section 5.1.2.2, Map 5.1.2-1). The areas identified for the water RSCs are largely consistent 
with regions used in Fisheries and Oceans Canada’s (DFO) Lake Sturgeon Recovery Potential 
Assessments (Cleator et al. 2010a, b) and the Manitoba Lake Sturgeon management strategy (Manitoba 
Conservation and Water Stewardship [MCWS] 2012). Two designatable units (DUs) fall within the scope 
of the RCEA: the Churchill River (DU1) and the Nelson River (DU3). These were further divided into 
management units (MUs) (Map 5.4.1-1). Management Unit boundaries were established based on 
topographical features (i.e., impassable sets of falls or rapids) or generating stations as follows: 
• Churchill River (DU1): further subdivided into three MUs (Cleator et al. 2010a). 

o MU1 extends 112 km (69.6 mi) from Kettle Falls – Island Falls Generating Station (GS) on the 
upper Churchill River in Saskatchewan and is outside the scope of the RCEA. 

o MU2 encompasses 430 km (267.2 mi) of the Churchill River between Island Falls GS and the 
Missi Falls CS. The lower section of this MU from Leaf Rapids to the Missi Falls Control 
Structure (CS) is RCEA Area 3. 

o MU3 includes the Churchill River from Missi Falls CS to Hudson Bay and is RCEA Area 4.  
• Nelson River (DU3): encompasses the entire Nelson River starting from its origin at the outlet of Lake 

Winnipeg and ending at its outflow to Hudson Bay. Within DU3, the Nelson River system is broken up 
into six separate MUs (Cleator et al. 2010b). 
o MU1 extends from Playgreen Lake to Whitemud Falls; this reach includes Cross Lake and 

several river channels (160 km [99 mi]). 
o MU2 extends from Whitemud Falls to the Kelsey GS and includes Sipiwesk Lake (220 km). 

When combined, MU1 and MU2 form RCEA Area 1.  
o MU3 extends from the Kelsey GS to the Kettle GS and includes Split, Gull, and Stephens 

Lakes (150 km [93 mi]). 
o MU4 extends from the Kettle GS to the Long Spruce GS (16 km [10 mi]). 
o MU5 extends from the Long Spruce GS to the Limestone GS (23 km [14 mi]).  
o MU6 extends from the Limestone GS to Hudson Bay (130 km [81 mi]). When combined, MU3, 

MU4, MU5 and MU6 form RCEA Area 2. 
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5.4.1.1 Lake Sturgeon Life History 
Lake Sturgeon spawn during spring and move to spawning sites after ice breakup when water 
temperatures are between 8°C and 10°C. Overwintering areas are generally located in slower moving 
reaches of rivers or lakes. Therefore, spring spawning movements are generally in an upstream direction 
from areas of low water velocity and low gradient, to areas of high water velocity and high gradient. 
Spawning locations are generally found at the base of rapids, falls or hydroelectric stations, features that 
provide high water velocities that may prevent upstream movement. In some systems, movements from 
overwintering habitat to spawning habitat may be greater than 100 km (62 mi). For example, Lake 
Sturgeon from the Lake Winnebago system, Wisconsin, have been documented moving upwards of 
100 km to reach spawning sites (Bruch and Binkowski 2002). Conversely, in the Slave Falls Reservoir in 
the Winnipeg River, the distance between suitable overwintering habitat and suitable spawning habitat is 
less than 10 km (6 mi) (McDougall et al. 2014). 

Lake Sturgeon spawn at water depths of 0.6–22.0 m (2.0–72.2 ft) over gravel, cobble, and boulder-sized 
substrates that provide sufficient interstitial spaces for oxygenation during egg incubation (Harkness and 
Dymond 1961; Bruch and Binkowski 2002; Manny and Kennedy 2002). Flow characteristics in the vicinity 
of spawning sites have both calm water for staging and swift water for spawning. Actual substrates can 
vary from igneous bedrock (Aadland et al. 2005) and flat limestone (Ambrose et al. 2007) to glacial 
till-derived gravel, cobble, and boulder, and even areas of coal cinders (Manny and Kennedy 2002). In 
Manitoba, Lake Sturgeon spawn in both tributaries and mainstems of large rivers. For example, in the 
Nelson River downstream of the Limestone GS, spawning occurs in the Weir and Angling rivers 
(tributaries of the Nelson River) and at the Lower Limestone Rapids in the mainstem of the Nelson River. 

Female Lake Sturgeon are highly fecund, and may carry between 10,000 and 16,000 eggs per kg of body 
weight (Harkness and Dymond 1961; Bruch et al. 2006). The adhesive eggs are broadcast and stick to 
the substrate, hatching within five to 14 days depending on water temperature (Kempinger 1988; LaHaye 
et al. 1992; Auer and Baker 2002). After hatch, larvae are nourished by a yolk sac for nine to 18 days. 
After the yolk sac has been absorbed larvae begin to feed on zooplankton and will leave the substrate 
and drift downstream to nursery areas (Scott and Crossman 1973). Habitat characteristics of 
young-of-the-year (YOY) and juvenile nursery habitat varies across the species range. In the Winnipeg 
and Nelson rivers in Manitoba, nursery areas are characterized by the presence of deep water, water 
velocities between 0.0 and 0.7 m/s, and a variety of substrates (Barth et al. 2009; McDougall 2011). 
Juveniles remain in these deep-water areas until they grow large enough that they begin to utilize larger 
home ranges and shallow water habitats. Once sexually mature, adults are considered generalists and 
will forage on a variety of prey types and use a broad range of habitats for feeding.  
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5.4.1.2 Pathways of Effect 
Hydroelectric development, including creation of reservoirs/flooding of terrestrial habitat, alteration of 
flows and water levels, and water diversion, can affect Lake Sturgeon through a number of pathways. 
These pathways of effects are illustrated in Figure 5.4.1-1 and explained below: 

• Changes in the water regime, including diversions: changes in water levels, flows, velocities and 
depths may affect spawning habitat, feeding habitat, rearing habitat, larval drift patterns and 
overwintering habitat. These alterations to habitat may result in changes to growth, recruitment and 
mortality. 

• Changes in the water regime and erosion and sedimentation may affect water quality, which may 
result in changes to habitat. 

• The project footprint may destroy spawning habitat (generally through the footprint itself) as well as 
block upstream movements potentially resulting in a loss of access to critical habitat. These changes 
may affect recruitment through decreased spawning success while the blockage of movements may 
result in changes to movement patterns and increased mortality associated with passage through GS 
turbines. The creation of a reservoir or reduction of water velocities may alter larval drift patterns. 

• Increased human access to a previously remote area combined with the presence of a workforce due 
to hydroelectric development or other projects may lead to increased harvest. 

5.4.1.3 Indicators and Metrics 
The purpose of the Lake Sturgeon section of the RCEA is to evaluate/assess how populations have 
changed over time relative to the cumulative effects of hydroelectric development on the Nelson, 
Burntwood, and Churchill rivers. To achieve this objective, three indicators: abundance 
(metric: catch-per-unit-effort [CPUE] and/or abundance estimates from commercial catch or 
mark/recapture studies); growth (metric: length-at-age and/or weight-at-age); and condition factor 
(metric: length vs weight relationship) were selected to quantify/measure change over time. The effects of 
other projects and activities (e.g., commercial sturgeon fishing) are discussed to provide context. 

5.4.1.4 Approach and Methods 
As described in the following sections, there is long historic record of Lake Sturgeon commercial harvest 
for the RCEA ROI as a whole. This information provides a general indication of the abundance of Lake 
Sturgeon but is not directly comparable to data that are more recent (e.g., CPUE or population 
estimates). In addition, the understanding of the scientific data collection for Lake Sturgeon has evolved 
over time. For example, many of the early studies relied on ageing of sturgeon that were mature; recent 
work has shown that ages for fish over 14 years may not be accurate (Bruch et al. 2009). Further, prior to 
2006, very little was known about the juvenile life history stage. Since this time, the understanding of 
juvenile ecology, including diet, movement, habitat use and factors influencing growth and recruitment, 
has considerably improved.  
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For these reasons, the discussion of Lake Sturgeon relied on the following: 

• a semi quantitative assessment of numbers and changes over time as reflected in the commercial 
fishery records and anecdotal reports from commercial fisherman, domestic harvesters and 
government officials; 

• comparisons of metrics (growth, condition factor) from scientific studies (where available) as they 
change over time; and 

• description of the current status of the population based on recent data collection. 

5.4.1.5 Data Limitations 
There are a number of limitations associated with Lake Sturgeon data for the RCEA ROI that affect the 
ability to conduct a more comprehensive analysis. These data limitations are discussed as part of the 
assessment in subsequent sections. 

Key data limitations include: 
• The primary data limitation relates to the absence, or limited amount, of data collected throughout the 

RCEA ROI prior to hydroelectric development. This precludes direct comparisons of conditions before 
and after hydroelectric development in most instances. In assessing impacts of hydroelectric 
development on Lake Sturgeon across its North American range, a lack of data collected 
pre-hydroelectric development is commonplace. This lack of data has hampered the ability of 
biologists to understand pathways through which hydroelectric development may affect the species. 

• For some portions of the RCEA ROI, post-hydroelectric development data are lacking or limited. 
• Post-hydroelectric development data collection on Lake Sturgeon and their habitat has, and continues 

to be affected by remnant/small populations. In some cases, commercial harvest may have 
decimated populations prior to hydroelectric development. Populations have not recovered with the 
hydroelectric developments in place, however, the contemporary low abundances preclude 
development of a robust understanding of how hydroelectric developments affect sturgeon.  

Despite these limitations, focused studies on Lake Sturgeon within the RCEA ROI, and within Manitoba in 
general, over the last several decades has provided considerable insight into many aspects of Lake 
Sturgeon biology and ecology, and has increased the understanding of how hydroelectric development 
may affect the species (see also Manitoba Hydro 2014b, Manitoba Hydro 2014c and Manitoba 
Hydro 2014d). Intensive long-term monitoring studies related to current developments (e.g., Keeyask 
Aquatic Monitoring Program) are continuing to provide insight into the long-term effects of development 
on Lake Sturgeon populations. The ongoing CAMP is also continuing to build a long-term record of Lake 
Sturgeon abundance in several locations.  
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Arrow width is not an indication of magnitude. 

Figure 5.4.1-1: Potential Pathways of Effect of Hydroelectric Development and Other Factors on Lake Sturgeon. 
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5.4.2 Area 1: Lake Winnipeg Outlet to Kelsey Generating 
Station 

Area 1 comprises the Nelson River from the outlet of Lake Winnipeg to the Kelsey GS as well as tributary 
waterbodies (Map 5.4.2-1).  

A description of the construction and operation of hydroelectric developments in the Lake Winnipeg to 
Jenpeg GS reach of the Nelson River is found in Part II Hydroelectric Development Project Description in 
the Region of Interest. A detailed description of effects of hydroelectric development to the water regime 
in this reach is provided in Physical Environment, Chapter 4.3. Key points of the project description and 
water regime information relevant to Lake Sturgeon and their habitat are summarized below. 

Lake Sturgeon habitat in this reach was first altered by hydroelectric development with the start of 
instream construction of Lake Winnipeg Regulation (LWR) in 1973. Prior to LWR, the only natural outflow 
from Lake Winnipeg was at Warren Landing, a narrow, rocky constriction at the outlet of Lake Winnipeg 
which connected directly to the south basin of Playgreen Lake. At Playgreen Lake, the majority of flow 
continued up the west channel of the Nelson River via the north basin of Playgreen Lake, through 
Whiskey Jack Narrows into the north basin of Kiskittogisu Lake and then to Cross Lake, while 
approximately 15% of the flow passed via Little Playgreen Lake and the east channel of the Nelson River 
to Cross Lake. 

Flows and water levels on Playgreen Lake are primarily a function of the water level in the north basin of 
Lake Winnipeg. The construction of Two-Mile Channel provided a second outlet to Lake Winnipeg and 
increased the efficiency with which water could be moved out of Lake Winnipeg into Playgreen Lake. 
Eight-Mile Channel avoids a flow constriction on the west channel of the Nelson River by connecting 
Playgreen Lake with the southern end of Kiskittogisu Lake, and uses Kiskittogisu Lake as a second flow 
path for Lake Winnipeg outflows. Channel improvements downstream of Kiskittogisu Lake (Ominawin 
Bypass Channel and work done in the Kisipachewuk Channel) increased outflow capacity. Operation of 
the CS at Jenpeg regulates the Nelson River West Channel portion of Lake Winnipeg’s outflow. 
Construction of the CS at Jenpeg was completed in 1976, and impounded the west channel of the Nelson 
River upstream to the outlet of Kiskittogisu Lake.  

Prior to LWR, outflow from Lake Winnipeg peaked in mid-summer and was lowest during January to 
March; LWR resulted in an increase in average winter flows and a decrease in summer flows such that 
outflow is more similar throughout the year. Due to increased inflows, the outflow of Lake Winnipeg 
post-LWR has been 4.4% higher. Despite the changes in the timing of inflow from Lake Winnipeg, the 
seasonal pattern of water levels on Playgreen Lake has remained the same though the range has 
decreased and the overall average lake level has increased mainly because of greater average inflows. 
Kiskittogisu Lake also continued to exhibit the same seasonal pattern of flow, though the range became 
greater (i.e., somewhat higher summer and lower winter levels on average). 

The Kiskitto Dam and Inlet CS prevent flooding of Kiskitto Lake from backwater effects of the Jenpeg 
reservoir, while regulating inflow. An outflow diversion channel, along with the Black Duck CS, provides 



REGIONAL CUMULATIVE EFFECTS ASSESSMENT – PHASE II 
WATER – LAKE STURGEON 

DECEMBER 2015 5.4-9 

outflow from Kiskitto Lake into Black Duck Creek. The CSs are operated to keep water levels on the 
Kiskitto Lake within the natural range. 

Flows along the east channel of the Nelson River (including Little Playgreen Lake) are unregulated and 
remain a function of water levels in Playgreen Lake. Available data indicate that flows along the east 
channel have been slightly higher post-LWR but because the Lake Winnipeg outflows have been 4.4% 
higher for the same period, it is not clear whether higher average east channel flows are because of LWR 
or wetter conditions. 

Construction of the Kelsey GS occurred at the Kelsey Rapids between 1958 and 1961. The generating 
station caused flooding up to and including Sipiwesk Lake, inundating several major rapids and 
increasing water levels on Sipiwesk Lake by several metres. Duck Lake was not affected since it is 
separated from Sipiwesk by Duck Lake Falls (MacKay et al. 1990). While the amount of flooding on the 
Cauchon-Prud’homme lakes is not known, there is evidence of flooded shorelines on these lakes 
indicating that, at least at higher elevations, the effects of Kelsey extend to these lakes 
(MacKay et al. 1990).  

The Jenpeg GS has regulated outflow from Lake Winnipeg into Cross Lake and altered the flow regime of 
Cross Lake and downstream waterbodies since 1976. The effects of LWR on Sipiwesk Lake and 
downstream on the Nelson River are superimposed on the impacts of the Kelsey GS. While Duck Lake 
was isolated from the effects of the Kelsey GS backwater by Duck Lake Falls, water levels on the lake are 
impacted by LWR. 

Prior to LWR, water levels and flows on Cross Lake followed a typical seasonal pattern and were highest 
mid-summer and lowest during winter. LWR altered the water regime in the lower flow years post-LWR 
but prior to construction of the Cross Lake Weir by changing the seasonal timing of water levels and 
increasing the annual water level range, such that average levels in summer were 1.2 m (4 ft) lower and 
average levels in winter were 0.5 m (1.5 ft) higher. A weir was constructed at the outlet of Cross Lake in 
1991 to raise the mean water level on the lake and reduce the range of water levels. Overall water levels 
are now higher than pre LWR and the range is reduced. Changes in the frequency, duration and timing of 
high water level events on Cross Lake due to LWR have affected the water regime on connected lakes. 
Water levels continue to fluctuate on Pipestone Lake with those on Cross Lake in the post-LWR era. 
Water levels on Walker Lake are affected by LWR when water levels on Cross Lake are greater than 
207.6 m (681 ft), which following construction of the weir occurs when Cross Lake is at or above average 
levels.  
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5.4.2.1 Key Published Information 
Although scientific knowledge of Lake Sturgeon in RCEA Area 1 is limited (Cleator et al. 2010b), the 
understanding of anthropogenic impacts to Lake Sturgeon is better relative to other areas included in this 
RCEA. Historical information, including records of isinglass sales, which provide an indirect measure of 
Lake Sturgeon abundance, were collected by the Hudson’s Bay Company (HBC [York Factory Fur 
District]) for the period 1832–1891 (Northern Lights Heritage Services 1992). A perspective of the Nelson 
River Lake Sturgeon fishery, provided by the residents of Pikwitonei, Thicket Portage and Wabowden, for 
the period circa 1900 to 1992, is documented in a Master’s Thesis published in 1997 (MacDonell 1997). 
Manitoba Fisheries Branch (MFB) records, which included accounts from conservation officers, were 
used for their historical perspectives.  

Once the commercial fishery began in 1902, Lake Sturgeon commercial harvest records were kept for 
each year that the fishery was in operation; however, for much of the period of record, the reported 
harvest was for the Nelson River as a whole (Stewart 2009). Harkness (1980) produced a report on 
Manitoba’s Lake Sturgeon commercial fishery for the period 1876–1935. 

As part of hearings to determine compensation to the community of Cross Lake for lost opportunities to 
harvest Lake Sturgeon, several reports were commissioned to estimate the amount of sturgeon harvested 
for domestic and commercial purposes (Usher and Tough 1999). Using these estimates and commercial 
catch data, these reports were published with the objective of estimating Lake Sturgeon Maximum 
Sustainable Yield from the Nelson River near Cross Lake (Tough 1999; Usher and Tough 1999, 
Symbion Consultants1992; McCart 1992).  

Scientific data collection focused on Lake Sturgeon in Area 1 did not begin until 1953 (McTavish 1954; 
Kooyman 1955). Between 1953 and 1959, McTavish (1954), Kooyman (1955) and Sunde (1959) 
authored reports based on information collected from commercially harvested Lake Sturgeon in Area 1. 
McTavish (1954) gathered data on size, sex and maturity of over 200 sturgeon sampled in the Nelson 
River near the Landing River. Similarly, Kooyman (1955) analyzed growth rate, sexual maturity, spawning 
patterns and age composition of Lake Sturgeon populations in Area 1 (Nelson River) and upstream of 
Area 3 (Churchill River upstream of Area 3), and made some comparisons among fish from the two 
locations. Sunde (1959) analyzed similar metrics as Kooyman (1955) using 381 sturgeon sampled from 
Sipiwesk Lake between 1953 and 1956. These are the only data sets collected prior to hydroelectric 
development in the Area 1 reach of the Nelson River.  

Subsequent data collection focused on Lake Sturgeon in Area 1 did not occur until approximately 
20 years later in 1976. Sopuck (1987) described biological metrics (length, weight, age) collected from the 
Lake Sturgeon population in Sipiwesk Lake from 1976–1978, following the construction of the Kelsey GS 
and LWR. Similar data sets were used to assess the impact of the commercial fishery on Lake Sturgeon 
in 1987 and 1988 by Patalas (1988) who used data from 190 Lake Sturgeon collected in Sipiwesk Lake. 
Patalas (1988) also made condition factor and growth rate comparisons with data sets presented in 
Sunde (1959) and Sopuck (1987). 
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From 1993 to 1997, the Nelson River Sturgeon Board (NRSB) collected domestic harvest information, 
biological metrics data, and conducted a mark-recapture study, in the Nelson River in the vicinity of the 
confluence of the Landing River (Macdonald 1998). The NRSB conducted additional studies from 
2006-2014 to collect biological data and derive a population estimate for this area. 

Since 2012, Manitoba Hydro’s Lake Sturgeon Stewardship and Enhancement Program (LSSEP) has 
funded several studies focused on Lake Sturgeon in Area 1. Three consecutive years (2012–2014) of 
study were conducted in the Sea Falls Area to assess the effectiveness of the NRSB’s Lake Sturgeon 
stocking initiative that began in 1994 (McDougall and Pisiak 2012; McDougall and Pisiak 2014; 
McDougall and Nelson 2015). Pipestone Lake was assessed in 2013 (McDougall and Pisiak 2014). A 
juvenile Lake Sturgeon inventory was conducted in the vicinity of the Landing River Area in 2013 to 
complement adult Lake Sturgeon studies conducted by the NRSB (Groening et al. 2014a). In addition, an 
assessment was recently conducted during spring 2014 to inventory spawning adult sturgeon in the 
vicinity of the Jenpeg GS (Henderson et al. 2015). The LSSEP program continues to initiate and support 
work to fill gaps in our understanding of Lake Sturgeon populations and ecology. 

5.4.2.2 New Information and/or Re-analysis of Existing Information  
No new information could be located on Lake Sturgeon in Area 1. A key person interview with Don 
Macdonald, the Regional Fisheries Manager for the Northeast Region of MCWS, provided some 
information, which is discussed below. Data collected by the Nelson River Sturgeon Board were used 
with permission from the board, however, board opinions are not reflected in this RCEA. 

5.4.2.3 Changes in Lake Sturgeon over Time 

5.4.2.3.1 Prior to 1900 

Prehistoric and historic records indicate that Lake Sturgeon were abundant in the Area 1 reach of the 
Nelson River. Archaeological evidence suggests that sturgeon fishing was an important part of the 
prehistoric and early historic subsistence economy of the Sea River Falls area (Northern Lights Heritage 
1992). Cross Lake was reported to be a major source of sturgeon for Aboriginal fishermen as early as the 
1790s. People of Cross Lake valued sturgeon for their oil, bones and skin. In 1832, sturgeon fishing for 
isinglass (a substance used in glues, paints and as a clarifying agent), produced from the swimbladder of 
the Lake Sturgeon became an important part of regional trade economy of Aboriginal communities 
(Holzkamm and McCarthy 1988; Northern Lights Heritage 1994). Northern Lights Heritage 
(1994 in MacDonell 1997) reported that the Norway House District of the HBC purchased an average of 
314 lbs of isinglass per year for the period 1832 to 1891. Holzkamm and McCarthy (1988) suggested that 
284 kg of headless dressed sturgeon were required to produce 1 kg of isinglass. Using this conversion, 
an average annual harvest of 40,450 kg sturgeon (89,176 lbs headless dressed) would have been 
required to produce this quantity of isinglass. At an average size of 10 kg per headless dressed sturgeon, 
this would have amounted to a harvest of 4,050 individuals per year, or 243,000 individuals over the 60-
year period. It is likely that this harvest would have been taken predominantly from Lake Winnipeg and 
north basin tributaries, as well as Playgreen Lake. To provide context to the abundance of Lake Sturgeon 
historically relative to today, recent population estimates from populations in Manitoba are provided in 
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Table 5.4.2A-1. The estimated number of sturgeon harvested annually (4,050 individuals) from 1832–
1891 is higher than the total adult population size of most contemporary populations. 

By 1891, demand for isinglass diminished and the product was no longer purchased by the HBC. 
Sturgeon, however, were still abundant in Area 1. According to an annual Department of Fisheries report 
in 1897, “immense quantities of sturgeon” existed in Cross Lake. In the year 1900, people of Norway 
House harvested 10,000 sturgeon from Playgreen Lake (Tough 1999).  

5.4.2.3.2 Commercial Fishery 1900 to 1957 

Commercial sturgeon fishing began in the Nelson River in 1902 (Stewart 2009) though in 1900 and 1901, 
4536 kg was harvested from “Northern Regions,” which may have included the Nelson River. 
Figure 5.4.2A-1 illustrates the commercial harvest for Lake Sturgeon from the Nelson River for the period 
1902–1991. As discussed below, the initial decade of the fishery was likely restricted to Area 1, but in 
subsequent years, an unknown amount was taken from Area 2. 

Indian Affairs documented a harvest of 5,200 sturgeon averaging 11.8 kg for a total of 61,454 kg in 1902 
from the upper Nelson River (Tough 1996). In 1904, the fishery was expanded farther downstream after 
the development of a system to transport sturgeon from Sipiwesk Lake to Spider Island on Lake 
Winnipeg. During the first four years of the commercial fishery (1902–1905), 297,199 kg (653,837 lbs) of 
Lake Sturgeon were marketed, with the greatest harvest of 99,792 kg (219,542 lbs) occurring in 1903 
(Figure 5.4.2A-1) (Stewart 2009). Using an average weight of 15 kg, an estimated number of 
approximately 6,650 Lake Sturgeon were harvested in 1903, and approximately 19,800 individuals during 
the 1902-1905 period. When compared with to the numbers shown in Table 5.4.2A-1, the harvests were 
far greater than the numbers in most current populations.  

Macdonald (1992) speculated that during the early years of the commercial fishery, fishing pressure on 
Playgreen Lake and Cross Lake stocks (MU1) was greater than on stocks farther downstream including 
Sipiwesk Lake (MU2), because these areas were the most accessible via Lake Winnipeg. Main fishing 
areas in the Nelson River were areas where Lake Sturgeon congregated to spawn (Usher and 
Tough 1999). From 1906 to 1910, the Nelson River Lake Sturgeon harvest declined substantially, with 
stocks showing signs of overharvest. In 1907, despite sustained effort, only 3,182 kg (7,000 lbs) were 
landed (Tough 1996) and in 1910, a federal Royal Commission announced that sturgeon in the region 
were on the verge of extinction. In 1911, the fishery was closed province wide because stocks in Lake 
Winnipeg had crashed (D. Macdonald pers. comm. 2014).  

Once the fishery reopened in 1917, the railway had been extended to approximately Gillam, which 
allowed the commercial fishery to exploit areas farther downstream in the Nelson River (MacDonell 1997). 
The Nelson River produced 57% of the province’s sturgeon production in that first year and 60% in 1918. 
By this time, the fishery was moving downstream at least into Sipiwesk Lake. Increasing prices supported 
further development of transport and processing facilities and an increase in fishing effort. In 1924 the 
annual limit for the Nelson River was 45,454 kg (100,000 lbs) and this limit had been taken by August 1 
(Skaptason 1926). However, in 1925, the sturgeon catch dropped to 29,454 kg (65,000 lbs), substantially 
less than the previous year. Skaptason (1926) wrote “…it was then felt that the limit could, with 
reasonable safety, be slightly increased, and beginning with the summer of 1925, it was increased to 
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63,636 kg (140,000 lbs).” “… 18,181 kg (40,000 lbs) could be taken in Playgreen and Cross Lakes as far 
as Bladder Rapids… and north of there the remaining 45,454 kg (100,000 lbs) may be taken”. 
Skaptason’s (1926) view of the fishery at this time was that it was inexhaustible, “It can generally be said 
that the fisheries of the province are in a sound and healthy condition. Very few of our waters show any 
dangerous signs of depletion. …the ever-increasing railway extensions into remoter areas, bring on 
added fishing operations each year. Thus, in the last five years alone, the holders of fishery licenses have 
increased 25%”. By 1926, the Armstrong Independent Fish Company, which operated exclusively 
between Cross Lake and Kettle Rapids, harvested 20,454 kg (45,000 lbs) which was 47% lower than the 
previous two years (MacDonell 1997). In 1927, only 13,636 kg (30,000 lbs) were taken, which was 
considered a huge disappointment, and as a result, several new regulations were introduced in attempts 
to reduce harvest (MacDonell 1997). In a retrospective analysis of the Lake Sturgeon commercial fishery, 
Harkness (1980) reported that the high prices paid for sturgeon between 1922 and 1928 brought on 
intensive fishing and rapid depletion of stocks, where catches were decreasing despite the increase in 
fishing effort. Harkness (1980) wrote “if the fishing had persisted at this intensity, without a stop, for 
another ten years, it is likely that the sturgeon in these waters would be practically extinct”. In 1930, the 
fishery was once again abandoned. The great depression occurred during this period (1930–1937) and 
little is known about sturgeon in Area 1 during this time. 

When the commercial fishery reopened in 1937, annual harvest was once again lower than what was 
observed during the previous period (1917 to 1929). In 1937, 1938 and 1939, 6,818 (15,000 lbs), 13,636 
(30,000 lbs) and 11,818 kg (26,000 lbs) were harvested, respectively. In 1940, in an effort to improve 
harvest quantities, the extent of the fishing grounds was increased by about five times the distance 
normally open (Sunde 1959). Commercial catch declined even further to only 2,636 kg (5,800 lbs) by 
1946. Fishing effort was high during the 1937 to 1946 period, however, the limit was never filled (closest 
was 60% in 1938) (Sunde 1959). Sunde (1959) hypothesized that the reduction of the parent stock during 
the first fishery resulted in reduced recruitment making fewer progeny available for the 1937–1946 
fishery. Domestic fishing also continued during this time and after the 1946 closure (MacDonell 1997), but 
quantities of sturgeon harvested domestically were not recorded. 

The commercial Lake Sturgeon fishery remained closed until 1953 (Sunde 1961; Symbion 
Consultants 1992). In 1954, although the commercial fishing season extended from June until August, the 
limit of 11,363 kg (25,000 lbs) was harvested by the end of June (McTavish 1954). McTavish (1954) 
suggested that the season should be delayed by a week, because a quarter of the females included in 
the catch had not spawned before being harvested. Abundance of Lake Sturgeon in Area 1 during this 
time is impossible to estimate, given that domestic and illegal harvest cannot be quantified. For example, 
a Manitoba Department of Mines and Natural Resources (MDMNR) report (MDMNR 1955 unpublished 
[unpubl.] data) explained some of the difficulties conservation officers were having with illegal sturgeon 
fishing in 1954. “June 3rd: At Bladder Rapids, the conservation officer came upon two fishermen catching 
sturgeon for their own consumption. The officer explained sturgeon fishing season was not open until 
June 10th and a permit was still needed. The nets were confiscated by the officer. At Freezer Falls, the 
officer came upon sturgeon nets in the water with several men on shore. The officer told them the season 
wasn’t open yet and since they did not have any licenses, he was seizing their nets. The men made 
several verbal threats and physically attacked the officer. When the fight ceased, the officer told the 
fishermen that charges would be pressed against them, and it would be better if they would hand over 
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their nets to him. Four of the men handed over their nets”. It is possible that very large sturgeon were 
more common during this time relative to numbers of large fish captured during more recent Landing 
River scientific studies. For example, on “June 15th: One fishermen caught six sturgeon weighing 68 kg 
(150 lbs) each” (MDMNR 1955 unpubl. data).  

Biological sampling of Lake Sturgeon in Area 1 occurred for the first time in 1953 (Figure 5.4.2A-2). Three 
MFB biologists collected data on commercially harvested Lake Sturgeon between 1953 and 1956 
(McTavish 1954; Kooyman 1955; and Sunde 1959). McTavish (1954) reported on size, sex and maturity 
of 229 sturgeon sampled from the Sipiwesk Lake area. Kooyman (1955) also sampled Lake Sturgeon 
from the commercial fishery in 1953 and 1954 and analyzed growth rate, sexual maturity, spawning 
patterns and age from a sample of 323 individuals harvested from the Landing River area. Sunde (1959) 
analyzed biological metrics from 381 Lake Sturgeon commercially harvested in Sipiwesk Lake between 
1953 and 1956. The Sunde (1959) data set also included individuals from the McTavish (1954) data set.  

Lake Sturgeon during this period had a mean Fulton’s Condition Factor (K) of 0.81 (standard deviation = 
0.14, n = 78) (Table 5.4.2A-2). Age was determined for 54 sturgeon (Sunde 1959; Figure 5.4.2A-3). It 
should be noted however, that aging structures were collected from large adult individuals aged older 
than 20 years of age. Bruch et al. (2009) found that aging accuracy using pectoral fin rays decreases with 
age, and that accuracy is compromised when aging individuals older than 14 years of age, therefore, 
these data should be interpreted with caution. 

Following the analyses of the 1953 and 1954 data, Kooyman (1955) was very concerned about the state 
of Nelson River sturgeon stocks, and believed the outlook for the fishery was “perilous.” Kooyman (1955) 
reported that Lake Sturgeon numbers were, at best, at a quarter of their historical levels and 
hypothesized that if Lake Sturgeon continued to be harvested at the current levels, then the fisheries 
would quickly collapse and take a long time to recover. He proposed continuing fishing at the same 
regulations in order to prove his hypothesis. Kooyman (1955) stated: 

Background research exploring the problem of sturgeon fishery management in Manitoba has permitted the 
following hypothesis: Past exploitation of these resources has so depleted or unbalanced the sturgeon 
population that if further exploitation under existing regulations is permitted then in a year or two the 
fisheries will collapse and the time required for their subsequent recovery will be greatly lengthened. I would 
recommend that we put the hypothesis to the test by allowing the fisheries to continue under present 
regulations. 

Kooyman (1955) suggested that size limits intended to protect immature fish were ineffective, as many 
fish were being harvested before they reached sexual maturity. Kooyman (1955) also believed that the 
season started too early, and that up to 90% of mature females spawning during the current year were 
being harvested before they had a chance to spawn.  

Like Kooyman, Sunde (1959) undertook a similar analysis of biological metrics from Lake Sturgeon 
commercially harvested in Sipiwesk Lake from 1953–1956. Sunde (1959) found that despite steadily 
increasing fishing effort, annual production displayed a downward trend and the average size of fish 
caught was decreasing each year (Table 5.4.2A-3). Sunde (1959) cited this as evidence that stocks were 
being overexploited. Sunde (1959) believed that the commercial season, from late spring to late summer, 
was detrimental as too many fish were being harvested before they could spawn. He commented that 
sturgeon were extremely susceptible to overharvest when congregated on spawning areas. Sunde (1959) 
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suggested that the commercial harvest season be changed to late summer or early fall, to allow fish to 
disperse after spawning. Sunde (1959) also suggested an increase in the minimum legal size of Lake 
Sturgeon harvested, in order to ensure that individuals had a chance to spawn at least once before being 
removed from the population. Despite these suggestions for the fishery (Sunde’s 1959 report became 
final in 1959, but recommendations were made in 1958), in 1958 the commercial harvest limit was 
doubled from 11,363 kg (25,000 lbs) to 22,727 kg (50,000 lbs). 

In order to manage harvest, size and growth information were collected from Lake Sturgeon in Area 1 
during the 1950s, however, data collection did not provide estimates of abundance, or focus on 
describing habitat use, movements or any other ecological aspect of the species. For this reason, the 
understanding of Lake Sturgeon ecology, habitat use, movement and behaviour in Area 1 prior to 
hydroelectric development is considered poor.  

5.4.2.3.3 Post-Hydro Electric Development 1958 to Present 

Construction of the Kelsey GS began in 1958 and was completed in 1961. Approximately 5 km2 of 
riverine habitat immediately upstream of the GS was transformed to a more lacustrine type of 
environment (Map 5.4.2-2). The backwater effect from the Kelsey GS however, extended as far upstream 
as Sipiwesk Lake (Physical Environment, Water Regime, Section 4.3.2.4), inundating a set of rapids at 
the mouth of the Landing River (D. Macdonald pers. comm. 2014). Other sets of rapids that were 
potentially affected by the Kelsey GS include the Grand Rapid (site of the Kelsey GS), Devil Rapids and 
Small Devil Rapids (Map 5.4.2-2) McTavish (1954), Kooyman (1955), Sunde (1959), and Sunde (1961) 
did not discuss potential impacts of Kelsey GS construction on Lake Sturgeon, nor did they speculate 
how the habitat changes would affect Area 1 populations or the commercial fishery. In a memo to 
S. Sigurdson (the director of MFB), Leif Sunde stated “The commercial fishery is obviously the main 
cause of depletion of sturgeon in Manitoba, however, few of our northern sturgeon waters have been 
affected by dams or pollution and yet the serious reduction of stocks of these sturgeon has been as rapid 
and severe as in southern waters” (MFB 1961 unpubl. data). 
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After the 1960 commercial fishing season, Sunde (1961) re-examined the 1953–1956 data, in 
combination with additional data collected from 1957–1960. Sunde (1961) noted that the mean age and 
size of Lake Sturgeon sampled had decreased from 1953 to 1959. Sunde (1961) found that the average 
catch per harvester was steady from 1953 until 1957, but greatly decreased from 1957 to 1960 
(Figure 5.4.2A-2). Sunde (1961) attributed this decrease to the depletion of stocks and hypothesized that 
the stocks had never fully recovered from depletion during the 1920s. Sunde (1961) concluded that the 
stocks of Lake Sturgeon in the Nelson River could only be maintained if there was much stricter 
management of the resource. He recommended that all harvest should stop for at least a decade to 
increase stocks to a level that would support a future commercial fishery. He stated that the production 
limits should be reduced to 4,545 kg (10,000 lbs) per year and recommended periods of closure, followed 
by a few years of higher limits, prior to closing the fishery again. He also recommended that the legal size 
of gillnets should be increased from 12 inch to 13 inch in order to avoid the capture of immature 
individuals and that the start of fishing season should be delayed until June 15 in order to allow fish to 
spawn. 

After 1960, the Lake Sturgeon fishery was closed for 10 years (Sopuck 1987). Without a commercial 
harvest, and because scientific data were not collected, there was little quantitative population information 
collected between 1960 and 1970. Several resource users provided information in MacDonell (1997) 
detailing their observations regarding the potential impacts of the Kelsey GS on Lake Sturgeon. For 
example, Hilding Larson (resource user from Thicket Portage) recalled that the net set locations that his 
dad used in this area prior to Kelsey were “no good anymore since all the sand bars and back eddies had 
disappeared”. In addition, several of the resource users interviewed identified spawning areas or quality 
harvest locations that existed prior to Kelsey. These included: Cauchon Falls near the mouth of the 
Clearwater River (spawning area located 400 m [¼ mile] up from the confluence with the Nelson River), 
the Hunting River, bays of the Hunting River, the Landing River, Manitou Rapids in the Nelson River, the 
south channel of Sipiwesk Lake, Red Rock Rapids near Bear Island, Bladder Rapids, Hill Rapids, Duck 
Lake Falls and a place known as “the Freezer”. It is known that the backwater effect from the Kelsey GS 
inundated the falls at the mouth of the Landing River, however, Lake Sturgeon still congregated to spawn 
in large numbers at this location even following Kelsey (Macdonald 1998). With the exception of the 
Landing River, the understanding of how Lake Sturgeon habitat was affected at each of these tributaries 
and/or rapids is poorly understood. It is known that the backwater effect from Kelsey extended as far 
upstream as Sipiwesk Lake, but habitat assessments have not been specifically conducted in these 
areas.  

The commercial fishery reopened in 1970 and recommendations from Sunde (1961) were put into place, 
which included an annual quota of 7,727 kg (17,000 lbs), an increased gillnet mesh size of 13 inches, a 
season from June 15 to October 31, and a larger legal minimum size. Beginning in 1971, the Nelson 
River was divided into five management units for commercial Lake Sturgeon harvest, with different quotas 
for each unit (Table 5.4.2A-4) (Sopuck 1987; Patalas 1988):  
• Unit 1 encompassed the reach of the Nelson River upstream of Whitemud Falls, and had an annual 

quota of approximately 2,300 kg depending on year; 
• Unit 2 reached from Whitemud Falls to Cross Portage and had a quota of approximately 1,900 kg; 
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• Unit 3 extended from Cross Portage to the Kelsey GS, and had a quota of 1,360–1,816 kg depending 
on year;  

• Unit 4 included the reach of the river from the Kelsey GS to Kettle Rapids, with a quota of 
approximately 1,400 kg (Unit 4 was downstream of Area 1); and 

• Unit 5 extended from Kettle Rapids to the Nelson River estuary and had a quota of approximately 
1,000 kg (Unit 5 was downstream of Area 1).  

In the early 1970s, the abundance of sturgeon in Area 1 was lower relative to the decades previous, 
especially in the upper portion (MU1). This was evident from the commercial catch records, as catch in 
commercial harvest unit/zone 1 failed to reach even 15% of the quota from 1970–1987 (Table 5.4.2A-51; 
Patalas 1988). Fishermen also appeared to have difficulty in reaching their quotas in the Sipiwesk Lake 
area (MU2) (commercial harvest zones/units 2 and 3), as the reported catch from the entire Nelson River 
was in excess of 5,000 kg only in 1980 (Patalas 1988). In comparison to earlier periods in the commercial 
fishery, this amount of harvest is relatively small (Figure 5.4.2A-1). In addition to commercial harvest, the 
domestic fishery during this period may have been as large as the commercial fishery. In a memo from 
R. D. Sopuck (Fisheries Biologist) to W. C. McLean (Northern Regional Director): “For the sturgeon, Jack 
Dean (Conservation Officer) advises that the domestic catch is probably as great as the commercial 
catch” (MFB 1977 unpubl. data). Also, there were concerns of illegal harvest. In a memo from 
R. O. Schlick to W. C McLean (Northern Regional Director) on April 11, 1974, “there appears to be a real 
enforcement problem existing along with this fishery that should be investigated”. Clearly, considerable 
efforts to harvest Nelson River Lake Sturgeon were still occurring despite their relatively low abundance. 

As previously discussed, Jenpeg GS and associated structures were completed in 1976 and the water 
level and flow regime changed substantially in Area 1, especially in MU1. Construction of the Jenpeg GS 
transformed approximately 35 km2 of riverine habitat upstream of the GS to a more lacustrine type of 
environment (Map 5.4.2-3). Several sets of rapids were inundated due to the backwater effect from the 
Jenpeg GS including: Metchanais Rapids, Kisipachewuk Rapids and unnamed Rapids (Map 5.4.2-3). 
Detailed scientific study on the potential impacts of construction and operation of the Jenpeg GS on Lake 
Sturgeon was not conducted. Lake Sturgeon however, were believed to be nearly extirpated from the 
area most dramatically affected by Jenpeg, prior to its construction. According to a MDMNR and 
Environmental Management (1978) report, one commercial license was issued for Cross Lake, but no 
record of catch is available, as the sturgeon were sold to the community for local consumption. A single 
experimental Lake Sturgeon license for Kiskittogisu Lake was granted in 1976. A total of four sturgeon 
were captured in the northern portion of the lake for a total yield of 55 kg (121 lbs) (Johnson 1977), 
although the fisher reported that he kept quite a few sturgeon for himself (MacDonell 1997). 

 

                                                      

1 Tables, figures and maps with a letter in their numbers (e.g., A) can be found in the appendices for this chapter. 
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Biological data were collected from Lake Sturgeon commercially harvested in the Sipiwesk Lake Area 
(MU2) after construction of both the Kelsey GS and Jenpeg GSs (1976 to 1978) (Sopuck 1987). Sopuck 
(1987), presented size, age and condition factor data for the population in Sipiwesk Lake and compared 
length-weight, length-at-age and weight-at-age relationships with those reported in Sunde (1959). The 
length-weight relationship reported by Sopuck (1987) was similar to that of Sunde (1959). However, 
Sopuck (1987) found that the age of Lake Sturgeon sampled from 1976–1978 were skewed towards 
younger fish. 

Biological data were also collected from Lake Sturgeon in Area 1 in 1987 and 1988 (Patalas 1988). 
Patalas (1988) attempted to analyze the effect of commercial fishing on Lake Sturgeon in Sipiwesk Lake. 
Unlike Sopuck (1987), Patalas did not find that the age of the Lake Sturgeon population skewed towards 
younger fish and suggested a well-balanced age structure. Patalas (1988) found that the length-weight 
relationship was similar to that of previous studies in Sipiwesk Lake (Sunde 1959; Sopuck 1987) 
(see Figure 5.4.2A-3, Figure 5.4.2A-4; Table 5.4.2A-2), but reported that growth (based on length-at-age) 
was faster for fish sampled in 1987–1988. Patalas (1988) suggested that the increased growth rate might 
be the result of decreased intraspecific competition, given reduced sturgeon densities during the latter 
time period, or “a response to improved habitat conditions in Sipiwesk Lake (e.g., greater area of suitable 
feeding habitat, greater production of food organisms as a result of a more stable water-level regime). 
However, the ages included in both Sopuck (1987) and Patalas (1988) must be interpreted with caution, 
as Lake Sturgeon older than 14 years are difficult to age accurately (Bruch et al. 2009). Further, when 
aging older Lake Sturgeon, considerable differences in age estimates can occur among readers.  

A comparison of Lake Sturgeon CPUE among studies is not possible as effort data were not collected by 
Sunde (1959), Sopuck (1987) or Patalas (1988). Further, more recent studies have focused on the 
juvenile segment of the population, and juveniles were also not sampled by the three aforementioned 
studies.  

McCart (1992) attempted to identify impacts of the Jenpeg GS on Lake Sturgeon in Area 1 and noted that 
potential impacts varied by river reach. Upstream of Whitemud Falls, McCart (1992) suggested:  

• Jenpeg prevented sturgeon from accessing spawning, rearing and feeding habitats upstream. 
• Jenpeg was built on a spawning site for sturgeon. The footprint of the dam and the flow alterations 

destroyed the spawning habitat. Further to this point, prior to Jenpeg construction, sturgeon had been 
observed by residents of the Norway House area to spawn on the west shore of Playgreen Lake 
opposite the entrance to the East Channel. According to a Lake Winnipeg, Churchill and Nelson 
Rivers Study Board report in 1975, increased sedimentation from hydroelectric development could 
have negatively affected this area (from the Lake Winnipeg, Churchill and Nelson Rivers Study Board 
report in 1975 – Appendix 5 volume 2). 

• Upstream of Jenpeg, habitat was altered. 

• Sturgeon habitat downstream of Jenpeg was altered. According to Gaboury and Patalas (1984) who 
studied the impact of Jenpeg on Cross Lake, seasonal flows and water levels were reversed such 
that water levels and flows were lowest in summer and highest in winter. In particular, East Cross 
Lake was the most severely affected. 
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• Benthic invertebrate production, the likely food source for sturgeon, may have been affected in Cross 
Lake, because in general, “populations of benthic invertebrates are severely reduced within the 
drawdown zone of regulated lakes”. 

McCart (1992) however, stated that “sturgeon seem to have been severely depressed well before Jenpeg 
began operations” citing evidence from fish community studies conducted before and after 1976, during 
which over 80,000 fish were sampled and no sturgeon were captured. McCart (1992) goes on to say that 
the “overall conclusion of these data is that, even before Jenpeg, sturgeon were already rare in Cross 
Lake, possibly extirpated, probably as a result of overfishing by both commercial and domestic fisheries”.  

Downstream of Whitemud Falls, McCart (1992) suggests that the combination of Jenpeg and Kelsey GSs 
may have affected Lake Sturgeon and their habitat in three reaches of the Nelson River differently.  

1. From Whitemud Falls to Duck Falls: This reach was affected only by Jenpeg GS and experienced a 
seasonal reversal of water levels and flows. McCart (1992) suggests that sturgeon in the reach may 
be affected by low and declining flows during the spawning season, which may have affected their 
eggs, larvae and early life stages. Further, McCart (1992) writes, there have been “no studies of 
sturgeon and the impacts of water-level fluctuation in this reach, and the literature on lake sturgeon, 
though replete with references to populations thought to have been adversely affected by hydro 
developments, does not discuss specifically what it is about hydro developments and its downstream 
effects that causes negative impacts”. 

2. A middle reach which includes Sipiwesk Lake: This reach is affected by both flow regulation for 
Jenpeg GS and the backwater effects of the Kelsey GS. McCart (1992) suggests that the size of 
Sipiwesk Lake has increased 21% and the lake level is 3 m (10 ft) higher than natural. Seasonal 
fluctuations in water levels have been reduced and flows peak in summer and winter. McCart (1992) 
suggests that some fish species in this reach may have benefitted from the changes caused by 
Jenpeg GS and the Kelsey GS: “an analysis of commercial fisheries statistics for Sipiwesk suggests 
that populations of some species of fish have benefitted from the new artificial hydrological regime 
(Northern Pike, Walleye, Mooneye), and some have been adversely affected (Lake Cisco, Lake 
Whitefish, and Goldeye). Sturgeon may be one of those that have benefitted.” 

3. A downstream reach, within the reservoir of the Kelsey GS, principally affected by Kelsey GS 
operations: According to McCart (1992) “there is little basis for judging how sturgeon habitat has 
changed in this reach. Most is presumably affected by backwater from Kelsey, and is probably quite 
different from the free-flowing river prior to 1960. Sturgeon formerly spawned at the rapids where the 
Landing River entered the Nelson. Now the rapids are flooded and fish spawn in the Landing River”.  

After being open for 22 years (1970–1991) the Lake Sturgeon commercial fishery was closed amid 
concerns that both the domestic and commercial fisheries could not be supported (Macdonald 1998). 
Importantly, the Sparrow decision of 1991 influenced the fishing rights of domestic fishermen. Prior to 
1991, domestic fishermen at Landing River operated with gear and season restrictions similar to the 
commercial fishery (Macdonald 1998). After the decision, all gear and season restrictions no longer 
applied to domestic fishermen. In 1992, Ernie Scott of Cross Lake called a meeting with stakeholders 
interested in protecting sturgeon stocks in the vicinity of the Landing River. The meeting was held 
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March 27, 1992 and included residents and harvesters from Norway House, Cross Lake, Wabowden, 
Thicket Portage, Pikwitonei and Split Lake as well as MFB. Highlights of the meeting included: 
• everyone agreed that if nothing was done, there would soon be no sturgeon left to worry about; 

• there was a desire for biological information about sturgeon and the potential for sturgeon culture or 
possible mitigations such as fish ladders (especially at the Kelsey GS). There was interest in a video 
for young people; and 

•  the most significant conclusion was that all sturgeon should be protected during spawning, not just at 
the Landing River. 

Documented concerns from the meeting prompted the formation of the NRSB (Macdonald 1998). The 
NRSB brought in recommendations to harvesters, which included recommendations of areas that should 
not be fished, and a delayed start to the season to allow fish a chance to spawn. Compliance to board 
recommendations by domestic fishermen was limited. From 1991 to 1997, observed domestic harvest at 
the Landing River declined rapidly (Figure 5.4.2A-5). Macdonald (1998) suggested that the commercial 
fishery was sustainable for so long because harvesting had always focused on the largest fish (given the 
large minimum mesh size). Smaller fish were always coming up to maturity to replace the lost mature 
spawners. Once the restrictions were removed, harvest increased during spawning season and smaller 
mesh sizes were used. As a result, the domestic harvest led to the same or greater harvest amounts than 
the commercial fishery (Macdonald 1998). 

From 1993 to 1997, the NRSB collected data on Lake Sturgeon in the Nelson River between Cross Lake 
and Split Lake (Macdonald 1998). Lake Sturgeon were sampled in the reach of the Nelson River from the 
outflow of Cross Lake to Sipiwesk Lake (Bear Island) as well as the section from the outflow of Sipiwesk 
Lake to Kelsey GS, including the Landing River.  

In addition to making recommendations to harvesters and collecting biological information, the NRSB 
initiated a conservation stocking program in efforts to recover Nelson River populations. Starting in 1994, 
Lake Sturgeon eggs were collected and fertilized from fish captured near the mouth of the Landing River. 
Between 1994 and 2013, 2,444 age-1, 32,052 fingerlings (age-0) and 87,700 larval Lake Sturgeon were 
stocked in the Sea Falls to Sugar Falls reach of the Nelson River (McDougall and Pisiak 2013). Stocking 
is ongoing, and studies that address post-stocking survival are discussed towards the end of this section. 

Macdonald (1998) examined all available data from Area 1 in an attempt to determine how hydroelectric 
development may have affected Area 1 populations. He suggested that possible impacts of construction 
and operation of Jenpeg and the Kelsey GSs included:  

• the loss of spawning, feeding and nursery habitat; 
• the loss of sturgeon downstream through the Kelsey GS that cannot return upstream to the Area 1 

population; and 
• stranding and desiccation of sturgeon eggs or larvae by fluctuating water levels downstream of 

Jenpeg GS.  

Macdonald (1998) stated that effects on spawning or larval Lake Sturgeon should be reflected in year 
class strength, while impacts on feeding should be reflected in growth rates. He reported that no obvious 
signs of year class failure after construction of the Kelsey GS were observed in data collected by the 
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NRSB and concluded that it was too early to determine the effect of Jenpeg GS on Lake Sturgeon 
recruitment. Additionally, he did not find any difference in growth between fish sampled during the 1990s 
and those sampled in the 1950s. 

The NRSB has continued to collect data on Lake Sturgeon in the vicinity of the Landing River from 2006 
to present (NRSB unpubl. data). Data from two periods, 1993–2000 and 2006–2014, were used to derive 
a Peterson population estimate. A decreasing trend was observed from 1993 to 2000 (Figure 5.4.2A-6). 
Since 2006, however, the population appears to be rebounding, with the most recent estimate (2013) at 
3,257 adult individuals.  

Although study of adult Lake Sturgeon in the vicinity of the Landing River has occurred over several 
decades, prior to 2013, the juvenile segment of the population had not been studied. In 2013, a juvenile 
Lake Sturgeon inventory was conducted in an 85 km-long (53 mi) reach of the Nelson River centered 
around the Landing River mouth (Groening et al. 2014a). The abundance of Lake Sturgeon was highest 
in the reach of river surrounding the confluence of the Landing River. Results indicate that recruitment is 
occurring in the reach, as several year classes were represented in the gillnet catch. Mean CPUE was 1.8 
LKST/100m/24 h and mean K for all Lake Sturgeon captured was 0.73±0.10 (Table 5.4.2A-2). Length and 
weight at age can be found in figures 5.4.2A-3 and 5.4.2A-4, respectively. As noted previously, 
comparisons among length and weight and age of older fish are not reliable due to the difficulty of 
interpreting ageing structures. Length and weight at age are similar for juveniles sampled in recent 
studies. 

Between 1994 and 2013, 2,444 age-1, 32,052 fingerlings (age-0) and 87,700 larval Lake Sturgeon were 
stocked in the Sea Falls to Sugar Falls reach of the Nelson River (McDougall and Pisiak 2014).To 
evaluate the effectiveness of the stocking program, three consecutive years of study (2012, 2013 and 
2014), were conducted (including Pipestone Lake in 2013 only) (McDougall and Pisiak 2012; McDougall 
and Pisiak 2014 and McDougall and Nelson 2015). Results indicate that the abundance of wild fish was 
extremely low, as it was likely that all fish captured could be linked back to stocking events. Survival of 
sturgeon released at age-1 was several times (17.4 times in 2012; 80 times in 2013) greater than 
sturgeon released as age-0 fingerlings. It was estimated that, based on mark-recapture data, 
approximately 27% of age-1 Lake Sturgeon stocked between 2008 and 2011 survived. Lake Sturgeon 
stocked at age-1 had higher growth rates relative to fish stocked at age-0. This finding was attributed to 
the head start in growth afforded by maintaining hatchery fish at relatively warm temperatures through 
their first winter prior to release. McDougall and Nelson (2015) suggest that although densities are low, 
stocking has led to the re-establishment of juvenile Lake Sturgeon in the reach of the Nelson River 
between Sea Falls and Sugar Falls.  

Before commercial fishing nearly extirpated them, Cross Lake supported a large population of Lake 
Sturgeon. Fish community assessments conducted in Cross Lake between 1992 and 2008 captured only 
one Lake Sturgeon, despite considerable effort (Henderson and McDougall 2014). Anecdotal reports of 
small amounts of domestic harvest and incidental Lake Sturgeon sightings downstream of the Jenpeg GS 
led to the prediction that a reproducing population of Lake Sturgeon exists in Cross Lake. During spring 
2014, a spawning study using large mesh gillnets was conducted downstream of the Jenpeg GS. Overall, 
the Lake Sturgeon captures were low (mean CPUE 0.12 LKST/100m/24h) (Henderson and 
McDougall 2014). However, the capture of male Lake Sturgeon in post-spawn condition, as well as the 
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capture of juvenile Lake Sturgeon in large mesh gillnets, indicates that Cross Lake may support a small 
population of Lake Sturgeon that spawns downstream of Jenpeg GS. 

The current absence of sufficient numbers of Lake Sturgeon to occupy available habitat and support 
self-sustaining populations in many reaches of Area 1 precludes determination of whether or not 
hydroelectric development has resulted in the loss of critical habitats. 

5.4.2.4 Cumulative Effects of Hydroelectric Development on Lake 
Sturgeon in Area 1 

Records of Lake Sturgeon harvest in Area 1 date back to 1832 and based on estimated harvest 
quantities, sturgeon were abundant prior to the early 1900s.  

Commercial harvest of Lake Sturgeon in Area 1 began in 1902. Large quantities of sturgeon were 
harvested over the next decade, with the majority coming from the reach between the outlet of Lake 
Winnipeg and Whitemud Falls. The first suggestion that the Lake Sturgeon population in Cross Lake was 
overexploited occurred in a 1910 report. The sturgeon fishery was subsequently closed province-wide in 
1911. 

The commercial sturgeon fishery re-opened and closed three more times over the next five decades. 
Each time the fishery reopened, harvest quantities were substantially less than those recorded during the 
previous period. Domestic and illegal sturgeon harvest were known to occur throughout this period of time 
but the number of sturgeon harvested by either of these means cannot be accurately estimated. 

The only biological information collected on Lake Sturgeon prior to the development of the Kelsey GS 
occurred from 1953 to 1956 using commercially harvested fish. These data were collected to inform 
management decisions regarding the commercial fishery, not to establish a baseline against which to 
assess impacts of hydroelectric development. 

During, or in the decade after construction of the Kelsey GS, there were no focused studies on the 
potential impacts of Kelsey GS construction and operation on Lake Sturgeon. Further, because the 
commercial fishery was closed from 1961 to 1970, little is known about Area 1 Lake Sturgeon during this 
period. 

By 1970, sturgeon abundance continued to be low in the upper portion of Area 1 (upstream of Whitemud 
Falls), but remained abundant enough in the Sipiwesk Lake area for the Province to reopen a small 
commercial fishery with a total quota of approximately 6000 kg dressed weight from Lake Winnipeg to 
Kelsey GS. 

Jenpeg was constructed from 1973 to 1976, and LWR became operational in 1976. Focused scientific 
study was not conducted to assess impacts of Jenpeg GS or LWR on Lake Sturgeon; however, as noted 
sturgeon abundance in this portion of Area 1 was already known to be very low at this time. Some of the 
potential impacts from LWR include: stranding of eggs and larvae by fluctuating water levels; reduced 
invertebrate densities in Cross Lake; increased food supply in Sipiwesk Lake; negative impacts to 
recruitment due to seasonal reversal of flows; and destruction/alteration of spawning habitat due to either 
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the backwater effect from the Kelsey GS, the footprint of Jenpeg GS and its CSs, or flow regulation at 
Jenpeg GS and its CSs; 

Biological data were collected from commercially harvested Lake Sturgeon from 1976–1978 and in 1987 
and 1988. Size-at-age and condition factor comparisons suggest no difference in growth or condition 
among the time periods sampled; 

After the Sparrow decision (1991), which upheld the rights of domestic resource users, domestic 
harvesters were exempt from resource use regulations. This prompted the Provincial Government to 
close the commercial fishery permanently in 1992. However, large quantities of Lake Sturgeon continued 
to be harvested at the Landing River, a well-known spawning area, by domestic fishermen from 
1991-1997. Concerns about the sustainability of Lake Sturgeon in the Nelson River prompted the 
formation of the Nelson River Sturgeon Management Board in 1992. The board developed initiatives 
aimed at reducing domestic harvest and recovering Lake Sturgeon in the Nelson River. 

The cumulative impact of hydroelectric development on Lake Sturgeon populations in Area 1 cannot be 
assessed because:  

• baseline data were not collected prior to hydroelectric development;  

• sturgeon numbers in the area affected by the Kelsey and Jenpeg GSs were both severely reduced by 
the commercial fishery prior to the construction of the generating stations; and  

• the absence of a marked increase in sturgeon numbers in the 25 years since the commercial fishery 
has been closed could be attributed to a number of variables, including extremely low numbers of 
reproducing fish, life history characteristics of Lake Sturgeon (i.e. late age of maturity, spawning 
periodicity), continued domestic harvest, and/or limitations in habitat quality and/or quantity due to 
hydroelectric development.  

Based on our understanding of historical harvests, Lake Sturgeon abundance in Area 1 is currently a 
fraction of what it was in the 1800s. However, despite historical overexploitation and hydroelectric 
development, Lake Sturgeon continue to persist in Area 1. Since 2006, the Lake Sturgeon population in 
the Nelson River in the vicinity of the Landing River appears to be rebounding and recruitment is 
occurring. The most recent population estimate (2013) for this area is 3,257 adults. A small population of 
juvenile sturgeon has been re-established in the Sea Falls area of the Nelson River through stocking 
which commenced in 1994 and is ongoing. A small population of Lake Sturgeon may still exist 
downstream of Jenpeg GS based on the capture of juveniles in 2014.  
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5.4.3 Area 2: Kelsey Generating Station to the Nelson 
River Estuary including the Burntwood River 
downstream of First Rapids 

Area 2 comprises the reach of the Nelson River from the Kelsey GS to the Nelson River Estuary and 
includes the reach of the Burntwood River between First Rapids and Split Lake (Map 5.4.3-1). Major 
waterbodies within this area include Split Lake, Gull Lake, Stephens Lake, Long Spruce reservoir, 
Limestone reservoir, and the lower Nelson River. Several tributaries drain into the Nelson or Burntwood 
rivers in Area 2 including the: Grass River, Odei River, Assean River, North and South Moswakot rivers, 
Kettle River, Limestone River, Angling River, and Weir River. Five hydroelectric generating stations exist 
in Area 2, including (from upstream to downstream): Kelsey, Keeyask (under construction at Gull Rapids), 
Kettle, Long Spruce, and Limestone.  

Prior to the onset of hydroelectric development, the northern extension of the railway would have enabled 
the transport of Lake Sturgeon to market, which, as discussed in the following sections, had a substantial 
effect on the commercial fishery and Lake Sturgeon populations. The railway reached Kettle Rapids in 
1917.  

The first effects of hydroelectric development on Area 2 would have occurred during construction of the 
Kelsey GS at Kelsey Rapids on the Nelson River. The Kelsey GS was constructed from 1958–1961 with 
an initial five units. Approximately 164.5 km2 (63.5 sq mi) were flooded, extending upstream to Sipiwesk 
Lake. The river at the site of the Kelsey Rapids was substantially altered, as the station was constructed 
across a narrow point of land and cut off a section of channel, redirecting flow straight across the existing 
channel. The station does little or no cycling and the downstream environment is not subject to rapid 
fluctuations in flow or dewatering/rewatering of the riverbed. From 1969–1972, two additional units were 
added. Re-runnering of the station between 2006 and 2012 reduced the required amount of spill at the 
station but had negligible effects to upstream or downstream water levels/flows. 

Lake Winnipeg Regulation affected inflows to Split Lake via the Nelson River. Construction activities 
(e.g., instream work on cofferdams) are not expected to have affected areas downstream of Kelsey due 
to the distance to the construction site and the number of lakes in between. The reduction in outflow from 
Lake Winnipeg due to the construction of cofferdams in the west channel of the Nelson River during 
summer and fall 1973 would have reduced the inflow to Split Lake during summer and fall 1973, 
potentially affecting habitat downstream of the Kelsey GS. 

With the opening of the Two-Mile Channel in mid-1976, regulation of flows out of Lake Winnipeg began. 
The Jenpeg GS was fully operational in 1976, at which time flow regulation related to LWR and changes 
to inflows to Split Lake would have been fully implemented. The monthly average discharge at the 
Kelsey GS pre- and post-LWR shows that winter flows increased at Kelsey. Although LWR can also 
increase flows during the open water season under flood conditions, the available record indicates that on 
average LWR decreased open water flow. Long-term average flow, which is not affected by hydroelectric 
development, was approximately 89,000 cfs (2,520 cms) in the pre-LWR period (1951–1976) and 78,000 
cfs (2,210 cms) in the post-LWR period (1977–2013) (Physical Environment, Manitoba Hydro 2014a).
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The Churchill River Diversion (CRD) affected inflows to Split Lake via the Burntwood River. Changes 
during construction are not expected to have notably affected Split Lake, though the blocking of the Rat 
River from May 1974 to November 1975 at the Notigi CS would have reduced inflows and potentially 
affected habitat in the Burntwood River below First Rapids. Flows in the Burntwood River downstream of 
First Rapids may have been reduced 20–25% during the cut-off of the Rat River. Diversion of the 
Churchill River began in mid-1976 and increased flows would have reached Split Lake some time 
thereafter. The Odei River downstream of First Falls was affected by CRD, as post-CRD the lower section 
of the river was backwatered by elevated levels on the Burntwood River, resulting in the deposition of fine 
materials over an area of coarse substrate on the riverbed (Henderson et al. 2011).  

The CRD has increased flows 8-fold in the Burntwood River from a long-term average of approximately 
4,000 cfs to 30,000 cfs (110 cms to 850 cms) (Physical Environment, Manitoba Hydro 2014a). Churchill 
River Diversion increased the total inflow to Split Lake by 32% and also changed flow patterns due to the 
large increase in inflow from the Burntwood River. Operation of the CRD underwent testing and annual 
adjustments and was not consistent until the Augmented Flow Program was fully established by 1986. 

The average Split Lake water level was 166.8 m (547.4 ft) pre-CRD/LWR. Post-CRD/LWR, the average 
Split Lake water level is 0.4 m (1.2 ft) higher at 167.2 m (548.6 ft). The seasonal pattern was changed 
post-CRD/LWR as the highest water levels typically now occur during winter rather than in summer as 
they had previously (Physical Environment, Manitoba Hydro 2014a). The change in seasonal flow 
distribution and the 32% increase in flow were also experienced in the waterbodies downstream of Split 
Lake to the Kettle GS.  

The 1,220 MW Kettle GS was the second station constructed on the Nelson River and the first on the 
lower Nelson River. It would have affected the fish community, including Lake Sturgeon, in the reach of 
the river extending to Gull Rapids and possibly affected upstream movements of fish over Gull Rapids, 
but effects are not expected to have extended farther upstream. Several important waterbodies were 
incorporated into the north arm of Stephens Lake after impoundment, including Moose Nose Lake and 
River. Kettle GS has an operating head of 30 m (98 ft) and flooded 221 km2 (85.3 sq miles) in the reach of 
the Nelson River and tributaries between Gull Rapids and Kettle Rapids. The Butnau control dam, which 
blocked the inflow of the Butnau River into the future reservoir, was built in the mid-1960s, possibly in 
1965. Flow was redirected into the Kettle River through Cache Lake and discharged downstream of the 
Kettle GS. Construction of the station began in 1966 and was completed in 1974. The first unit went into 
service in December 1970 and impoundment occurred during the year previous. Seven units were in 
service in June 1973 and the twelfth and final unit was in–service November 1974. Open water levels 
were increased in 1998 after completion of dam safety upgrades. Operation of the GS causes daily and 
weekly water level changes on the reservoir (Stephens Lake). Until the Long Spruce GS was constructed, 
operation of the Kettle GS would also have resulted in marked changes in water levels and flows in the 
downstream river environment. Construction of the Long Spruce GS reduced that effect. 

Construction for the 980 MW Long Spruce GS (26 m [85 ft] head) began with extension of the access 
road from the Kettle GS in 1971. Dewatering started in 1973 and the first unit was in service in 1977. 
Impoundment is thought to have occurred in 1977 causing 14.5 km2 (5.6 sq mi) of flooding. The station 
was fully operational in 1979. 
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Construction of the Limestone GS (1,350 MW) commenced in 1976, but was suspended in 1978 after 
placement of the first stage cofferdam extending two-thirds of the way across the river. Construction was 
re-started in 1985 and completed in 1992. The main dam across the river was completed in fall 1989 and 
the first of 10 units began producing power in September 1990. The reservoir was fully impounded during 
the following winter, flooding 2.2 km2 (0.8 sq mi). 

The Conawapa Access Road was constructed from 1990–1992. It provided better access to the lower 
Nelson River, and enabled resources users to launch boats downstream of the Lower Limestone Rapids.  

Construction of the Kettle GS, and subsequently the Long Spruce and Limestone GSs, resulted in daily 
and weekly flow cycling in both the impounded areas and in the river downstream. Depending on local 
conditions, large areas of the riverbed are dewatered and wetted on a daily or weekly basis. Prior to 
construction of the GSs, unstable ice cover would develop in an upstream direction starting at the Nelson 
River estuary. After impoundment, stable thermal ice cover now forms on the reservoirs  

As part of DFO’s recovery potential assessment of Lake Sturgeon in the Nelson River (Cleator et al. 
2010b), the Nelson River was divided into a series of six MUs. Four of the units are locate in the lower 
Nelson River below Kelsey GS including: MU3 – Nelson River from Kelsey GS to the Kettle GS and the 
Burntwood River between First Rapids and Split Lake; MU4 – Long Spruce reservoir; MU5 Limestone 
reservoir; and MU6 – Nelson River from the Limestone GS to the Nelson River Estuary. These MUs are 
referred to in the following sections. 

5.4.3.1 Key Published Information 
Lake Sturgeon in RCEA Area 2 have been the subject of considerable scientific study, most of which was 
conducted to predict, assess and/or monitor impacts of hydroelectric development. Table 5.4.3A-1 
provides a list of studies conducted in this area.  

Prior to 1985, there were no scientific studies conducted on Lake Sturgeon in RCEA Area 2; however, 
several documents were used to provide information for this time period. Fox Lake Cree Nation’s (FLCN) 
Aboriginal traditional knowledge (ATK) of Lake Sturgeon use in the Lower Nelson River between Kettle 
Rapids and the estuary was summarized in two ATK reports (FLCN 2008; FLCN 2012). An account of the 
Nelson River Lake Sturgeon fishery, from the perspective of residents of Pikwitonei, Thicket Portage and 
Wabowden, circa 1900 to 1992, was documented in a Master’s Thesis published in 1997 (MacDonell 
1997). Interviews with several resource users with knowledge of Lake Sturgeon in the vicinity of Gillam 
also provided valuable information. 

The history of the Lake Sturgeon commercial fishery in the Nelson River throughout the 1900s has been 
documented by several authors, including Sunde (1961), Sopuck (1987), Patalas (1988), MacDonell 
(1997) and Stewart (2009). Beginning in 1970, Lake Sturgeon harvest records were delineated by river 
reach (Patalas 1988). 

Prior to completion of the Limestone GS, the Manitoba Department of Natural Resources conducted 
several studies from 1985–1989 focusing on Lake Sturgeon in the lower Nelson River (Swanson 1986; 
Swanson and Kansas 1987; Swanson et al. 1988, 1990; Swanson et al. 1991; MacDonell 1992). 
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Following completion of the Limestone GS, several fish community studies aimed at improving the 
understanding of general ecology, movements, spawning locations, spawning behaviour, and abundance 
of all fish species, including Lake Sturgeon, were conducted on the Nelson River between the Kettle GS 
reservoir and the Nelson River estuary, including many tributaries (North/South Consultants Inc. [NSC] 
2012c). Macdonald (1998) reported on a 5-year (1992–1997) field program conducted by the NRSB near 
the Landing River (MU2). This report also included biological data collected from Lake Sturgeon in Gull 
Lake (MU3) in 1995. This is the only scientific study of Lake Sturgeon in MU3 prior to 2001.  

From 2001–2014, a considerable number of studies were conducted on Lake Sturgeon populations and 
habitat to provide baseline data in support of the Environmental Impact Statement for the Keeyask 
Generation Project (GP) (Keeyask Hydropower Limited Partnership [KHLP] 2012) (Table 5.4.3A-1). 
Studies were conducted in the Burntwood River downstream of the First Rapids, the Nelson River below 
the Kelsey GS, and the Grass River below Wichai Lake Falls (collectively referred to as the “upper Split 
Lake area”); the reach of the Nelson River between Clark Lake and Gull Rapids (referred to as the 
“Keeyask area”); and, in Stephens Lake downstream of Gull Rapids. Objectives of the studies included: 
identification of spawning areas; generating population estimates; and assessing habitat and habitat use. 
A coarse-scale Lake Sturgeon habitat inventory was also conducted in the Kelsey GS area in 2010 to 
identify potential spawning, rearing, and foraging habitat. Multiple years of juvenile population studies that 
documented cohort strength and juvenile condition and growth were also conducted in the Burntwood 
River, downstream of the Kelsey GS and in Gull and Stephens lakes. Adult and juvenile Lake Sturgeon 
movements have been described in several reports written between 2001 and 2004 and 2011 and 2014. 
In 2013, a stocking program was initiated within MU3 to mitigate potential effects of the construction of 
the Keeyask GP (see Table 5.4.3A-1).  

Farther downstream in MU4, MU5 and MU6, a series of focused Lake Sturgeon studies were conducted 
from 2004–2010 in support of the Environmental Impact Statement for the proposed Conawapa GP 
(Holm et al. 2006; Ambrose et al. 2007; Ambrose et al. 2008; Ambrose et al. 2009; Ambrose et al. 2010a; 
Ambrose et al. 2010b; Pisiak et al. 2011; Holm and Bernhardt 2011). Use of, and the frequency of 
movement between the Nelson River and Hayes River systems was examined by Ambrose et al. (2009), 
Ambrose et al. (2010a), and Klassen (2012).  

The Department of Fisheries and Oceans conducted a recovery potential assessment of Lake Sturgeon 
populations in the Nelson River (Cleator et al. 2010). 

To examine levels of genetic diversity, degree of reproductive isolation and genetic structuring among 
sturgeon in three northern Manitoba watersheds, genetic analyses were conducted on populations in the 
Upper Split Lake Area (including the Burntwood River and Nelson River below the Kelsey GS), Birthday 
Rapids to Kettle GS reach of the Nelson River, Lower Nelson River downstream of the Limestone GS, 
Hayes/Gods River, and the Churchill River (Côté et al. 2011; Gosselin et al. 2015). 

5.4.3.2 New Information and/or Re-analysis of Existing Information 
There were no data used in the following section that required re-analysis. 
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5.4.3.3 Changes in Lake Sturgeon over Time 

5.4.3.3.1 Prior to Hydroelectric Development (before 1958)  

Based on ATK, HBC reports, and a fisheries survey from the early 1900s (i.e., Comeau 1915 in 
Skaptason 1926, Lytwyn 2002, FLCN 2008), Lake Sturgeon were historically abundant throughout the 
Nelson River, including the lower portion of the river between Kettle Rapids and the estuary. Comeau 
(1915 in Skaptason 1926) wrote the proper fishing grounds were located above the Limestone Rapids, 
although suitable habitats were believed to have existed throughout the river.  

The Bayline communities of Pikwitonei, Thicket Portage and Wabowden reported abundant Lake 
Sturgeon in the Nelson River and tributaries below Kelsey Rapids during the early part of the 1900s 
(MacDonell 1997). Sturgeon were captured or sighted at Kelsey Rapids, the lower Grass River to Wichai 
Lake Falls, below First Rapids on the Burntwood River, at the confluence of the Burntwood and Odei 
rivers, and in the Odei River upstream to First Falls. 

Farther downstream, FLCN members recall abundant stocks of sturgeon between Kettle Rapids and the 
estuary (FLCN 2008). Lake Sturgeon formed a large part of the diet of local people and according to 
Dr. T. Dick (2002 in FLCN 2008) Aboriginal communities could obtain up to 50% of their protein from 
Lake Sturgeon. In addition to being valued for food, Lake Sturgeon skin was used to make containers and 
pouches, and isinglass from the swimbladder was used as glue and a paint additive (FLCN 2008).  

Notable fishing locations for Fox Lake Cree members included Kettle Rapids, a former creek called 
“Oskotowi Sipi” (Moose Nose Lake area) (FLCN 2008), a former rapids at “Indian Grave Channel” 
(located near the now flooded Moskowot Rivers) (FLCN 2008), and at the mouths of large tributaries 
along the lower Nelson River including the Butnau, Kettle, Limestone, Angling, Weir, and Roblin rivers 
(FLCN 2008; R. Naismith Sr. pers. comm. 2009). Randy Naismith Sr. (pers. comm. 2009) recalled good 
fishing at a set of rapids located 3 miles upstream of Kettle Rapids. Sturgeon were also reported to be 
plentiful in the Nelson River between Moondance and Goose creeks (FLCN 2008).  

Commercial harvest of Lake Sturgeon in the Nelson River began in 1902 (Sunde 1961; Sopuck 1987; 
Patalas 1988); however, it is likely that commercial exploitation of lower Nelson River stocks did not begin 
until the rail line was extended to Gillam in 1917 (MacDonell 1997). As the Hudson Bay Railway was 
completed and the Lake Winnipeg and upper Nelson River sturgeon fisheries began to fail, commercial 
fishing for Lake Sturgeon downstream of Kelsey Rapids commenced sometime between 1918 and 1924 
(MacDonell 1997). Icelanders ran the operations with First Nations members conducting the fishing. As 
the value of sturgeon rose, the fishery intensified. In 1924, the Armstrong Independent Fisheries, who 
operated exclusively on the lower reach of the river, constructed one ice house and freezer at Mile 239 
near Manitou Rapids and a second at Kettle Rapids. With an improved track to Amery in 1927, movement 
of Nelson River sturgeon to markets greatly improved (MacDonell 1997). However, by 1928 the fishery 
had rapidly declined, and by 1931 it was closed on the lower Nelson River for the first time, reopening in 
1937. 

Domestic fishing for sturgeon continued during the commercial fishery and associated closures. Zach 
Flett (in MacDonell 1997), who was originally from Split Lake, remembered fishing at Kelsey Rapids with 



REGIONAL CUMULATIVE EFFECTS ASSESSMENT – PHASE II 
WATER – LAKE STURGEON 

DECEMBER 2015 5.4-33 

his father during the 1930s and seeing 500–600 sturgeon there at one time. The first outboard motors 
appeared in the late 1930s, which allowed easier access to areas that had previously been subject to little 
fishing pressure. Arthur Brightnose remembered capturing 75 sturgeon in three nets on one occasion at 
First Rapids on the Burntwood River (in MacDonell 1997). 

Commercial fishing for Lake Sturgeon recommenced below Kelsey Rapids in 1937 and included many 
people from Split Lake (MacDonell 1997). Sturgeon too small to be sold were often kept to eat (George 
Brightnose in MacDonell 1997). According to Arthur Brightnose (in MacDonell 1997), sturgeon were so 
plentiful at the Grass River during this time that you could catch them with your hands. In 1944, Percy 
Laubman (in MacDonell 1997) remembered that conservation officers charged six or seven fishermen 
that had caught at least 200 sturgeon before the season opened. Similar to other time periods, Lake 
Sturgeon catches declined quickly, and the fishery was closed again in 1947. 

Despite previous declines and closures, the season was re-opened once again in 1953 as far 
downstream as Split Lake (MacDonell 1997). After a reasonably good season, the fishery was extended 
downstream to Gull Rapids in 1954 but was closed on June 10 to avoid “the green slime problem” 
(as quoted from Manitoba Department of Natural Resources files). The fishery was further extended 
downstream to Kettle Rapids in 1956 and to the Weir River in 1958.  

From 1957 to 1960, J. Hatley Sr. participated in the commercial fishery below Gull Rapids (J. Hatley Sr. 
pers. comm. 2010). He recalled catching approximately 4545 kg (10,000 lbs) of Lake Sturgeon fishing 12 
inch mesh nets. He noted that there were few suitable locations to set nets farther downstream between 
Kettle Rapids and Gillam Island. He recalled the Lower Limestone Rapids being “solid” with sturgeon and 
noted that “You could have walked across the river on their backs”. However, his attempts to fish this 
area were unsuccessful due to the difficulties setting nets. 

Commercial harvest estimates from specific locations in the lower Nelson River prior to 1970 are difficult 
to ascertain because the Lake Sturgeon commercial catch was reported from all areas of the Nelson 
River combined. However, the Nelson River catch as a whole from 1953 to 1957 was relatively stable 
reaching the 11,363 kg (25,000 lb) quota each year. Although Lake Sturgeon were known to have been 
harvested from below Kelsey Rapids, and possibly farther downstream, during this period, the amount is 
unknown. 

5.4.3.3.2 Post-Hydroelectric Development (After 1958) 

1958–1989 

Construction of the Kelsey GS commenced in 1958 just as the commercial Lake Sturgeon fishery on the 
Nelson River was failing for a third time. In that year, the commercial harvest failed to reach the 11,363 kg 
(25,000 lb) quota for the first time since the fishery was reopened in 1953 (MacDonell 1997). By 1959, it 
was clear that the fishery was failing and provincial biologists were opposed to its continuation stating that 
it would not be economically profitable and that a further reduction of adult sturgeon would seriously 
influence the abundance of legal sized sturgeon in twenty years (MacDonell 1997). Despite the concerns 
the fishery went ahead in 1960 yielding just 7% of the total quota (MacDonell 1997). The fishery was 
closed in 1961.  
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Shortly thereafter, Split Lake residents reported to the Department of Natural Resources that they were 
capturing large quantities of sturgeon using 5.25-inch nets and believed that the sturgeon population 
downstream of Kelsey could support a fishery (MacDonell 1997). Despite this interest, the fishery 
remained closed for another 10 years.  

Construction of Kelsey GS would have affected Lake Sturgeon habitat upstream (see Area 1) and 
downstream of the station. The footprint of the station was on a known Lake Sturgeon spawning location. 
Although flows through the GS were not cycled to a large extent, the station would have had some effect 
on flows at Sakitowak Rapids and Anipitapiskow Rapids and on water levels at the mouth of the Grass 
River. However, the water level fluctuations were not likely large enough to affect adult Lake Sturgeon 
foraging or overwintering habitat or YOY and juvenile rearing and overwintering habitat. 

Construction of Kettle GS from 1966 to 1969 formed Stephens Lake, which transformed 46 km2 of riverine 
habitat between Gull Rapids and the former Kettle Rapids to a more lacustrine type environment 
(Map 5.4.3-2). The backwater effect from the Kettle GS inundated several sets of rapids including: Lower 
Gull Rapids and 15 sets of unnamed rapids (Map 5.4.3-2). Prior to impoundment, FLCN members 
reported that sturgeon spawned at rapids in the Butnau River and Cache Lake area (FLCN 2008). After 
diversion of the Butnau River into the Kettle River in 1965, these rapids were destroyed. Impoundment 
also resulted in the flooding of Moose Nose River and Lake and Indian Grave Channel, both important 
sturgeon fishing areas for FLCN members (FLCN 2008; FLCN 2012). After impoundment, Gull Rapids 
was the only suitable remaining spawning habitat for Lake Sturgeon in Stephens Lake.  
J. Hatley Sr. (pers. comm. 2010) recalled that there was no fishing for sturgeon downstream of Gull 
Rapids after Kettle GS was constructed because there was too much debris in the water caused by 
flooding. However, the late R. Naismith Sr. (pers. comm. 2009) recalled domestic fishing at Gull Rapids 
during the time when the reservoir was filling. 

Downstream of the Kettle GS potential impacts to sturgeon included the loss of spawning habitat due to 
the GS footprint, increased harvest due to the workforce, and changes to water levels and flows affecting 
habitat conditions.  

In 1970, just as Kettle GS was being completed, and after being closed for nearly a decade, the 
commercial Lake Sturgeon fishery reopened with quotas of 1,363 kg (3,000 lbs) from Kelsey GS to Kettle 
GS and 909 kg (2,000 lbs) from Kettle GS to the Weir River. However, according to  
J. Hatley Sr. (pers. comm. 2010) little commercial fishing occurred downstream of Kettle Rapids once the 
generating station was completed. 

Beginning in 1970, the Nelson River was divided into five commercial sturgeon fishery management units. 
Each unit had a quota that was tracked separately (Table 5.4.3A-2) (Sopuck 1987; Patalas 1988).  
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Units 1-3 were discussed in Area 1. In Area 2, Unit 4 included the reach of the Nelson River from the 
Kelsey GS to Kettle Rapids, and from 1980 on had a quota of approximately 1,400 kg. Unit 5 extended 
from Kettle Rapids to the Nelson River estuary and had a quota of approximately 1,000 kg. Commercial 
fishing occurred in four of six years, in Unit 4 and in two of six years in Unit 5 from 1970 to 1975 
(Table 5.4.3A-3). The quota was not reached in any year. 

Manitoba Fisheries Branch unpublished records detail many of the hardships and difficulties encountered 
when commercially fishing Lake Sturgeon. In 1970, two fishermen were given licences for fishing the Split 
Lake limit. They caught seven sturgeon for a total of 110 kg. Manitoba Fisheries Branch personnel noted 
that the reason for not obtaining their limit of sturgeon appeared to be a lack of interest by the fishermen. 
Further, in 1971, between the Kelsey GS and the Kettle GS, four fishermen took 165 kg of sturgeon. They 
fished from the 15th of June to mid-July. According to MFB personnel, they pulled out due to either poor 
fishing or lack of ambition. In 1973, commercial sturgeon fishing was described as poor in Gull Lake 
because fishermen did not know how to find the fish and only 390 kg of sturgeon were taken. Farther 
downstream, in 1971 and 1972, there were attempts to commercially harvest Lake Sturgeon out of a 
camp near Jackfish Island. In 1971, 568 kg were taken and only 116 kg were taken in 1972. Manitoba 
Department of Fisheries Branch personnel suggested that fishing was almost impossible due to dirty 
water and nets filled with slime.  

Randy Naismith Sr. (pers. comm. 2009) recalled good fishing on the recently created Stephens Lake in 
the 1970s. He had a by-catch of approximately 200–300 sturgeon while he was fishing for Walleye.  

Water level effects from the Long Spruce cofferdam would have been noticeable by 1975 and may have 
ameliorated, to some extent, dewatering resulting from cycling at Kettle GS. 

The CRD became operational 1976 increasing flows down the Rat/Burntwood system and affecting water 
quality and sedimentation, however, impacts on Lake Sturgeon in the Burntwood River were not studied. 
Flows at First Rapids increased eight-fold which may have had a positive effect on Lake Sturgeon 
spawning habitat. Increased water levels and flows during spring have been linked to better year classes 
in many sturgeon species, including Lake Sturgeon populations in Quebec (Nilo et al. 2006). Increased 
water levels in the Burntwood River likely resulted in the backwatering of the Odei River. Based on results 
presented in Henderson et al. (2011), the extent of the backwater effect may have reached First Falls, as 
substrate in this area was found to be depositional where it was formerly non-depositional. Unfortunately, 
there are no site specific commercial harvest records from the Burntwood River that would provide insight 
into how populations have changed over time. Harvest from the Burntwood and Grass rivers were likely 
reported as coming from the Nelson River at the Kelsey GS. 

Just after flows were increased down the Burntwood, LWR also contributed to the change in seasonal 
flows down the Nelson. By the time LWR was fully operational in 1979, peak flows were now occurring in 
winter. 

Effects to Lake Sturgeon following completion of the Long Spruce GS in 1979 remain unknown. Little is 
known about the Lake Sturgeon population in the Nelson River between Kettle Rapids and Long Spruce 
Rapids prior to 1985, but based on the high gradient of the reach and habitat preferences of Lake 
Sturgeon, it would be expected that numbers would be small. FLCN (2008) reported that members 
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regularly harvested sturgeon from rapids in the area prior to development (FLCN 2008). The footprint and 
backwatering caused by the Long Spruce GS may have affected several sets of rapids used as spawning 
habitat (although there are no reports of spawning at these locations) and the Station may have blocked 
upstream movement (Map 5.4.3-3). Increased water levels upstream of Station affected depth and water 
velocity of Lake Sturgeon habitat in the newly formed Long Spruce reservoir as 17 km of riverine habitat 
were transformed into a more lacustrine type of environment habitat (Map 5.4.3-3).  

Construction of the first cofferdam for the Limestone GS occurred from 1976–1978. Effects to water levels 
upstream of the Limestone Rapids would have occurred as soon as the cofferdam was in place and may 
have ameliorated, to some extent, dewatering resulting from cycling at Long Spruce GS. Again, little is 
known about the Lake Sturgeon population in the Nelson River between Long Spruce Rapids and 
Limestone Rapids prior to 1985 with the exception that FLCN members regularly harvested from rapids in 
the area (FLCN 2008). 

There were no commercial harvests of sturgeon from the commercial units 4 and 5 in 1976 
(Table 5.4.3A-3). Over the next six years, an average of 572 kg marketed weight of sturgeon was 
harvested annually from Unit 4 and 238 kg annually from Unit 5. No commercial harvests of Lake 
Sturgeon were reported from either unit following 1982.  

From 1970–1982 only 4,305 kg (or 330 fish assuming a 13 kg average) of Lake Sturgeon were 
commercially harvested from Unit 4, the Kelsey GS to Kettle GS reach (Patalas 1988; MacDonell 1997) 
(Table 5.4.3A-3). The harvest of sturgeon downstream of the Kettle GS for the same period was only 
2,110 kg (or 162 fish assuming a 13 kg average). As of 1987, one commercial license existed in the lower 
Nelson River. The commercial fishery was closed permanently after the 1991 season. Harvest in units 4 
and 5 failed to reach or exceed the quota in any year during the 1970 to 1991 period. 

Reg Meade (pers. comm. 2009) recalled fishing at Gull Rapids during the 1980s and catching over 100 
sturgeon in nets set below the rapids during a two-week period. He gave 37 sturgeon to domestic 
fishermen from FLCN. He also recalled domestic fishermen catching large numbers of sturgeon during 
that time and believed that in addition to hydroelectric development, the increased access contributed to 
the decline of sturgeon. According to MFB unpublished records, 500 kg of sturgeon were sold locally in 
Gillam in 1981. In 1982, 700 kg were reportedly taken at the Kettle Dam (MFB unpubl. data).  

Construction of Limestone GS was suspended after 1978 but recommenced in 1985, resulting in the 
transformation of 26 km2 of riverine habitat to a more lacustrine type environment and flooding several 
sets of rapids (Map 5.4.3-3). The environmental assessment process began to evolve during this period 
and an environmental impact assessment of the Limestone GS was initiated focusing on impact 
management and mitigation rather than impact prediction (MacLaren Plansearch Inc. and InterGroup 
Consultants Ltd. 1986). As a follow-up to this process, MFB commenced Lake Sturgeon studies on the 
lower Nelson River in 1985. 
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Swanson (1986) captured a single 30+ year old Lake Sturgeon in Long Spruce reservoir in 1985. In 1987, 
six sturgeon (two captured in the Lower Nelson River, and four from Angling Lake) were radio-tagged and 
transferred, into the Long Spruce reservoir to evaluate translocation of adults as a means of rehabilitating 
stocks (Swanson et al. 1988). As only one of the fish was consistently located within the reservoir 
(the others moved downstream or were not relocated), it was concluded that adult transfer was likely not 
a viable mitigation method for re-establishing depleted populations within Nelson River reservoirs 
(Swanson et al. (1988). 

A population survey conducted between Long Spruce GS and the Weir River in 1986 yielded 26 Lake 
Sturgeon weighing from 1.4 to 13.5 kg (Swanson and Kansas 1987). Two Lake Sturgeon were captured 
in the proposed Limestone reservoir yielding a CPUE of 0.20 in this section of the river. A Lake Sturgeon 
radio tagged below the Long Spruce GS in July 1986 remained below the Station through to January 
1988 (Swanson et al. 1988) suggesting limited movement by some adult sturgeon. 

Approximately 30 sturgeon were observed exhibiting spawning behaviour (rolling and breaking the water 
surface) in the Lower Limestone Rapids along the south shore behind a large gravel/cobble bar in 1988 
(Swanson et al. 1990). Swanson et al. (1990) suggested that Lake Sturgeon eggs at Lower Limestone 
Rapids may have been subject to desiccation due to exposure resulting from severe drawdowns in June 
1988, and hypothesized that similar conditions may have occurred since the completion of Kettle GS in 
1973. Little evidence of recruitment was found in the lower Nelson River prior 1990. In studies conducted 
between 1985 and 1989 only 19 Lake Sturgeon were captured that measured less than 800 mm total 
length and the youngest fish aged was 11 years old (Swanson 1986; Swanson and Kansas 1987; 
Swanson et al. 1988; Swanson et al. 1990; Swanson et al. 1991). Swanson et al. (1991) found no YOY or 
juvenile Lake Sturgeon in Angling Lake and concluded that spawning likely did not occur in the upstream 
reaches of the Angling Lake system.  

From 1986 to 1988, 29 Lake Sturgeon were tagged with radio transmitters in the Lower Nelson River 
system (MacDonell 1992). Of these, 13 were tagged between the Long Spruce GS and the Weir River in 
1986; in 1987 six were tagged (four captured from Angling Lake, and two captured in the lower Nelson 
River); in 1988, 10 were tagged in Angling Lake. In a summary of movement data obtained from these 
radio transmitters, MacDonell (1992) suggested that a small proportion of the tagged fish undertook long 
distance migrations (i.e., greater than 100 km [62 mi] in a single month), while a larger proportion moved 
very little. For example, of the 10 Lake Sturgeon radio-tagged in Angling Lake in 1988, three left the lake, 
while seven remained within the lake year-round making short, localized movements over a three-year 
period. In contrast to those in Angling Lake, several different types of movements were observed for fish 
tracked in the Nelson River. Individual sturgeon moved between the Lower Limestone Rapids, Angling 
Lake and the estuary. Of the sturgeon tagged with three-year transmitters, eight moved over 45 km 
(28 mi), while one moved over 275 km (171 mi), in a two-year period. One fish moved over 150 km 
(93 mi) in a month. A summary of results of radio-tracking information from adult sturgeon tagged 
between 1986 and 1991 suggested that sturgeon utilized three discrete locations during winter: the 
estuary, Angling Lake and the reach of the Nelson River between Angling River and the Weir River 
(MacDonell 1992). It should be noted that none of the Lake Sturgeon tagged with radio-tags below the 
site of the Limestone GS in from 1986–1988 moved upstream past the Limestone GS cofferdam.  
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No sturgeon were captured during a fisheries survey of the Long Spruce reservoir in 1989 (Baker et 
al. 1990). Gillnetting below the Long Spruce GS spillway in June 1989, just prior to completion of the 
Limestone GS main dam, yielded 14 sturgeon including eight for which sex could be determined 
(Swanson et al. 1991). A population estimate based on tag returns during the program suggested that 
14–15 sturgeon were present below the spillway at this time. Based on the results, Swanson et al. (1991) 
suggested that Lake Sturgeon may spawn near the base of the Long Spruce GS. Bert Swanson 
(Manitoba Hydro in Swanson et al. 1991) recalled observing large numbers of sturgeon below the Long 
Spruce GS prior to the construction of the Limestone cofferdam. Four Lake Sturgeon were captured in the 
Long Spruce GS to Limestone GS reach of the river during a fisheries survey conducted throughout the 
open water season of 1989 (Baker 1990). Swanson et al. (1991) concluded that populations of sturgeon 
in the lower Nelson River appeared to be declining, or were possibly moving downstream due to 
disturbances caused by GS construction. Swanson et al. (1988) suggested that the maintenance of 
self-propagating Lake Sturgeon stocks in the future Limestone reservoir would be unlikely, as it would not 
provide enough space for a healthy population. 

1990–PRESENT 

Many scientific studies on Lake Sturgeon have been conducted on the lower Nelson River during the past 
25 years following inundation of the last hydroelectric reservoir (i.e., Limestone reservoir in 1989). To 
facilitate presentation and understanding of the data, the Lake Sturgeon population will be described by 
the MUs delineated by DFO as part of their recovery potential assessment (Cleator et al. 2010b).  

MU3 (Kelsey GS to Kettle GS) 

In response to low numbers of Lake Sturgeon in the upper Nelson River, the Nelson River Sturgeon 
Management Board was established in 1992. The mission of the Board was to provide for conservation 
and protection of the both the fish stocks and the cultural aspects of the fishery in the Nelson River 
downstream to Split Lake.  

Given that there was little published information on Lake Sturgeon abundance downstream Kelsey GS, 
the Split Lake Resource Management Board conducted a gillnetting study in the Gull Lake area during 
the summer of 1995. Fish captured were measured, weighed, tagged, and aged  
(D. MacDonald pers. comm. 2014), but CPUE data were not collected 

Collection of baseline data to identify, predict and assess the impact of the Keeyask GP on Lake 
Sturgeon in MU3 began in 2001. Studies were conducted in three general areas: the Upper Split Lake 
Area (includes the reach of the Nelson River between the Kelsey GS and Split Lake and the Burntwood 
River between First Rapids and Split Lake), the Keeyask Area (includes the reach of the Nelson River 
between Clark Lake and Gull Rapids) and Stephens Lake (the Nelson River between Gull Rapids and the 
Kettle GS). Study objectives included: identification of spawning areas, development of population 
estimates, quantification of habitat for each life history stage, development of habitat suitability index 
models (Keeyask Area only), assessment of recruitment patterns, description of biological metrics 
(condition factor and growth) from juveniles and adults, quantification of movement rates through major 
sets of rapids, and assessing the behavioural response of Lake Sturgeon to development of the Keeyask 
Generation Project. Studies conducted from 2001–2008 contributed to the Environment Impact 
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Assessment (KHLP 2012). Studies conducted from 2009 to the present have been directed at assessing 
mitigation and monitoring existing stocks. The wealth of information that has been collected in this MU 
makes it one of the most studied regions for Lake Sturgeon across its North American range.  

Adult population estimates were derived for the Upper Split Lake area and the Nelson River between 
Clark Lake and Gull Rapids using mark-recapture data collected during spring since 2001 (Nelson and 
Barth 2012; Hrenchuk et al. 2015). In the Upper Split Lake Area, mean regional population estimates from 
2001–2009 ranged between 183 and 654 adult individuals, with the most recent estimate in 2009 being 
585 individuals. For the Keeyask Area, the 2014 population estimate was 591 individuals 
(range: 459–724) (Figure 5.4.3A-1) (Hrenchuk et al. 2015). The abundance of adult sturgeon in the 
Keeyask Area remained relatively stable from 1995 to 2014 (Figure 5.4.3A-1). A population estimate 
could not be calculated for Stephens Lake because the total number of sturgeon marked at this location 
has been too low. The present day abundance of Lake Sturgeon in MU3 is considered to be lower relative 
to historic numbers (Cleator et al. 2010b). In 2010, Lake Sturgeon abundance in MU3 was assessed as 
cautious with an unknown trajectory (Cleator et al. 2010b). It should be noted that YOY and juvenile Lake 
Sturgeon have been captured in the Upper Split Lake Area, Keeyask Area and in Stephens Lake. The 
capture of the younger life stages indicates that while the populations may be relatively small, successful 
recruitment is occurring. 

Spring spawning studies conducted from 2001 to 2014 have identified six spawning areas in MU3: 1) First 
Rapids on the Burntwood River; 2) Witchai Lake Falls on the Grass River; 3) the Nelson River 
downstream of the Kelsey GS; 4) the Nelson River at Long Rapids; 5) Birthday Rapids; and 6) Gull 
Rapids (Barth and Mochnacz 2004; Barth 2005; Barth and Murray 2005; Barth and Ambrose 2006; Barth 
and MacDonald 2008; MacDonald 2008; MacDonald 2009; Michaluk and MacDonald 2010; MacDonald 
and Barth 2011; Hrenchuk and McDougall 2012; Hrenchuk 2013; Groening et al. 2014b; Hrenchuk et al. 
2015). Nets set below First Falls in the Odei River failed to find evidence of Lake Sturgeon spawning. It is 
possible that Lake Sturgeon once spawned at First Falls in the Odei River however, spawning may no 
longer occur due to habitat changes following CRD or population declines. 

During the period 2001–2014, spring spawning studies have captured 467 individual Lake Sturgeon in the 
Burntwood River, 329 in the Kelsey GS area, 18 in the Grass River, 911 in the Nelson River between 
Clark Lake and Gull Rapids, and 137 in Stephens Lake (Table 5.4.3A-4). The highest average CPUE was 
recorded in the Nelson River between Clark Lake and Gull Rapids (0.24 fish/45.7 m net/24 h), and the 
lowest in the Grass River (0.03 fish/45.7 m net/24 h) and Stephens Lake (0.06 fish/45.7 m net/24 h) 
(Table 5.4.3A-4).  

Length and weight of individual Lake Sturgeon captured during spring studies has enabled calculation of 
condition factor by area. Mean condition factor ranged from 0.76–0.88 in the Burntwood River, 0.88–1.02 
in the Kelsey GS area, 0.74–1.19 in the Grass River, 0.82–0.97 in the Nelson River between Clark Lake 
and Gull Rapids, and 0.77–1.00 in Stephens Lake (Table 5.4.3A-5). In general, adult sturgeon from the 
Burntwood River are less robust relative to those captured in the Nelson River (Groening et al. 2014b).  

Juvenile (less than 800 mm fork length [FL]) population studies have been conducted between 2010 and 
2014 at four locations: the Burntwood River; the Nelson River between the Kelsey GS and Split Lake; the 
Nelson River between Birthday and Gull Rapids; and Stephens Lake (Henderson et al. 2011; Henderson 
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and Pisiak 2012; Henderson et al. 2013; Henderson et al. 2015). Juveniles were moderately abundant in 
the Nelson River between Birthday and Gull rapids (CPUE 2.03/100 m/24 h), and considered to be in low 
abundance the Nelson River in the vicinity of the Kelsey GS (0.21/100 m/24 h), the Burntwood River and 
in Stephens Lake (CPUE 1.2/100 m/24 h at both locations) (Table 5.4.3A-4). Mean juvenile condition 
factor ranged from 0.66–0.74 in the Burntwood River, 0.65–0.72 in the Nelson River between Clark Lake 
and Gull Rapids, and 0.74–0.81 in Stephens Lake (Table 5.4.3A-5). Growth of Lake Sturgeon in the 
Nelson River (i.e., Gull Lake and Stephens Lake) is faster relative to those captured in the Burntwood 
River (Figure 5.4.3A-2) (Henderson et al. 2015). Results also indicate that recruitment to Nelson River 
populations is erratic, as only one strong year class, the 2008 cohort, has been observed over an 11-year 
period from 2002–2012 in Gull and Stephens lakes (Henderson et al. 2015).  

Movements of adult Lake Sturgeon were monitored in the Nelson River between Clark Lake and Gull 
Rapids, and in Stephens Lake using acoustic and radio telemetry from 2001 to 2004 (Barth and 
Mochnacz 2004; Barth 2005; Barth and Murray 2005; Barth and Ambrose 2006). Additional acoustic 
telemetry studies were initiated in 2011 to track movements of adult and juvenile Lake Sturgeon in the 
Nelson River between Clark Lake and Gull Rapids, and in Stephens Lake (Hrenchuk and McDougall 
2012; Hrenchuk and Barth 2013; McDougall et al. 2013a, b; Hrenchuk et al. 2014; Hrenchuk and Barth 
2015; Lacho et al. 2015). In 2011, 59 adult Lake Sturgeon (measuring greater than 755 mm FL) were 
tagged with transmitters with a ten-year battery life: 31 in the Nelson River between Clark Lake and Gull 
Rapids; and 28 in Stephens Lake (Hrenchuk and McDougall 2012; Hrenchuk and Barth 2013; Hrenchuk 
et al. 2014; Hrenchuk and Barth 2015), to assess the response of Lake Sturgeon to construction and 
operation of the Keeyask Generation Project. Results of movement studies have shown that winter 
movements were limited in terms of extent and frequency. During the open water period, adult Lake 
Sturgeon appear to be habitual in their movement patterns, with individual fish occupying similar areas 
year after year. Two groups of Lake Sturgeon were observed upstream of Gull Rapids: those that 
consistently use riverine habitats in the reach between Birthday Rapids and Gull Lake, and those that 
prefer lacustrine habitats in either Clark or Gull lakes. Outside of spring, when the fish may be spawning, 
fish rarely move outside of their “preferred” area. Long distance movements were also observed. Six fish 
moved from Stephens into Gull Lake and, of these, two returned to Stephens Lake. In addition, three fish 
moved downstream past the Kettle GS and survived passage, including a single fish that moved 
upstream from Stephens Lake into Gull Lake, and returned downstream to Stephens Lake. Few Lake 
Sturgeon in Gull Lake have been found to use habitat within 5 km (3 mi) of the upstream end of Gull 
Rapids.  

Movements of 20 juvenile Lake Sturgeon were monitored downstream of Gull Rapids in 2011 and 2012 
(McDougall et al. 2013a, b) to quantify seasonal movement patterns and movement extent of juvenile 
Lake Sturgeon in Stephens Lake. Juveniles tended to use the upper 10 km (6 mi) of Stephens Lake 
where substrates transition from boulder/cobble to gravel to sand to silt more frequently than the lower 
20 km (12 mi) reach of the lake. Tagged fish more frequently utilized the downstream reach of the lake 
during winter, likely due to the buildup of frazil ice in upper Stephens Lake that may reach depths of 17 m. 
In 2012, 40 additional juvenile Lake Sturgeon were tagged with acoustic transmitters, 20 in Gull Lake and 
20 in Stephens Lake (Hrenchuk and Barth 2014; Lacho et al. 2015). Fish tagged in Gull Lake moved over 
a limited spatial extent, 4.3 rkm. Fish tagged in Stephens Lake exhibited a larger range of movement, an 
average of 12.9 rkm. This difference is likely due to the availability and continuity of deep water habitat in 
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Stephens Lake. None of the tagged juveniles moved through any large sets of rapids (either Birthday or 
Gull rapids) over the two-year study period, however, a single fish moved downstream through Kettle GS, 
and survived passage.  

In 2013, a stocking program was initiated in MU3 to address low population numbers, and to mitigate 
potential effects of the construction of the Keeyask GP (Klassen 2015). It is anticipated that stocking will 
occur for at least one full generation (25 years). In 2013, brood stock was collected from the Burntwood 
River, and 600 one-year olds were released back into the Burntwood River in 2014. In 2014, eggs were 
collected from one female captured at Birthday Rapids. Progeny from this fish were released at the larval, 
fingerling and one-year old stage (Klassen 2015). 

As part of a study to examine levels of genetic diversity and population genetic structure among Lake 
Sturgeon in northern Manitoba, genetic samples were collected from MU3 populations (Côté et al. 2011; 
Gosselin et al. 2015). Three genetically distinct populations were found upstream of the Kettle GS, 
including one in the Burntwood River, one in the Nelson River below the Kelsey GS, and one in the 
Nelson River between Clark Lake and Gull Rapids (Gosselin et al. 2015). It was revealed that the Gull 
Lake and Stephens Lake populations are not distinct, but also that, historically, Lake Sturgeon 
populations in the Nelson River were naturally restricted to one-way gene flow by geomorphic control 
points at Kelsey GS (Grand Rapid 6.1 m [20 ft] drop) and Kettle Rapids (23.8 m [78.1 ft] drop). 

Habitat has been extensively mapped in the Keeyask Area, and habitat suitability index models for YOY, 
subadult, and adult life stages have been used to quantify habitat for each of these life stages.  

MU4 and 5 

By 1990, it had been determined that Lake Sturgeon abundance in MU4 and MU5 (the reservoirs of the 
Long Spruce and Limestone GSs) was low. However, there is no information to determine whether 
resident populations were greater prior to development. Given the high gradient of the reach (Denis and 
Challies 1916) and habitat preferences of Lake Sturgeon, it would be expected that the numbers would 
be low. The only indication of pre-development use are reports of sturgeon harvest at Kettle Rapids, Long 
Spruce Rapids and later below the Kettle and Long Spruce GSs. Low catches by Baker (1990) and 
Swanson et al. (1991) in the Long Spruce GS to Limestone GS reach in 1989 suggest that sturgeon 
abundance was low in this section of the river immediately before impoundment. Tag recaptures 
downstream of the Limestone GS subsequent to 1989 suggest that a large portion of the sturgeon 
remaining in the reservoir after impoundment moved downstream past the Limestone GS and out of the 
reservoir (NSC 2012a).  

Although many studies have been conducted in each of these reservoirs, subsequent to the construction 
of the Long Spruce and Limestone GSs, the conclusions have been similar: few sturgeon exist within 
each reservoir. Young sturgeon have been captured in both reservoirs but it is not known if they were 
immigrants from upstream or were hatched within the reservoir. It is also uncertain whether there is 
sufficient habitat to meet all the life history needs of a population, although it is unlikely that these reaches 
of the river would have met all Lake Sturgeon life history needs prior to hydroelectric development. 
Construction of the Long Spruce and Limestone GSs contributed to fragmentation of Lake Sturgeon 
habitat in the lower Nelson River (NSC 2012a).  
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Long Spruce Reservoir (MU4) 

Several gillnetting programs were conducted within the Long Spruce reservoir during the 1990s. MU4 
was sampled in 1992 (Kroeker and Horne 1993), 1993 (MacDonell and Horne 1994), 1996 (Bretecher 
and Horne 1997), and 1999 (Bretecher and MacDonell 2000). No Lake Sturgeon were captured in 1993 
or 1996. Four Lake Sturgeon ranging from 665–1080 mm FL, 9–24 years of age, were captured in 1992 
in the Kettle GS spillway (Kroeker and Horne 1993). In 1999, four Lake Sturgeon were also captured in 
the Kettle GS spillway. The fish captured in 1999 measured from 346–460 mm in fork length and were 
two to three years of age (Bretecher and MacDonell 2000). Because these fish were younger than the 
reservoir, Bretecher and MacDonell (2000) suggested that recruitment could be occurring within MU4 
post-impoundment, but cautioned that the fish could also have emigrated from upstream spawning sites. 
In 2003, three Lake Sturgeon were captured, one in the vicinity of the spillway and two at the mouth of the 
Kettle River (Johnson et al. 2004). A single Lake Sturgeon, measuring 786 mm FL, was captured in 2004 
(Holm et al. 2006), while five and two Lake Sturgeon were captured in 2006 and 2007, respectively 
(Ambrose et al. 2008; Ambrose et al. 2009). Although the fish captured were younger than the age of the 
impoundment, there is still no evidence of spawning in the reservoir. As such, in DFO’s recovery potential 
assessment, Cleator et al. (2010b) assessed the MU4 population status as critical with an unknown 
trajectory. 

More recently, three studies have been undertaken to inform stakeholders of the potential for 
reestablishment of a Lake Sturgeon population in MU4. In 2011, a survey was conducted to characterize 
habitat within MU4 (NSC unpubl. data) and in 2012 studies were conducted to determine the abundance 
of adult and juvenile sturgeon (Lavergne 2012; Lavergne and Barth 2012). During spring, large-mesh gill 
nets captured seven Lake Sturgeon, ranging from 440 to 911 mm FL. Three of these fish were classified 
as male and were in spawning condition. One was confirmed as having survived passage through the 
Kettle GS, as it had been tagged with an acoustic transmitter in Stephens Lake one year previous. 
Lavergne and Barth (2012) captured eight juveniles (ranging from 323–587 mm FL, aged 4–6 years), and 
two adults (measuring 770 and 855 mm FL, aged eight and 11 years old) in the reservoir in September 
2012. Five of the 10 sturgeon captured were age four, indicating that either recruitment occurred in the 
reservoir in 2008, or the sturgeon had moved downstream through the Kettle GS. Subsequent genetic 
analyses conducted by Gosselin et al. (2015) determined that these fish were related to fish spawned 
upstream of Gull Rapids. Lavergne and Barth (2012) suggested that the recovery of the Long Spruce 
reservoir Lake Sturgeon population is unlikely without supplementation through stocking given the size of 
the population and limited recruitment (Lavergne and Barth 2012). 

Limestone Reservoir (MU5) 

Studies conducted in the Limestone reservoir (MU5) through the 1990s and into the mid-2000s continued 
to suggest that sturgeon abundance was low (Baker 1991; Baker 1992; Horne and Baker 1993; 
MacDonell and Horne 1994; Horne and MacDonell 1995; Horne 1996; Bretecher and MacDonell 2000; 
Johnson et al. 2004). At the completion of these studies, it remained unknown if recruitment due to 
spawning in the reservoir had occurred since GS construction. 

In 2006, gillnets were set in the spillway of the Long Spruce GS and four Lake Sturgeon were captured 
which yielded an overall CPUE of 0.03 Lake Sturgeon/45.8 m net/24 h (Holm et al. 2006). One fish was 
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identified as a male in spawning condition. In 2007, sampling for juvenile Lake Sturgeon was conducted 
during summer/fall; however, no Lake Sturgeon were captured (Ambrose et al. 2009). Also in 2007, 
16 subadult Lake Sturgeon were captured in the lower Nelson River, tagged with acoustic transmitters 
and transferred into MU5. Eight of the tagged fish passed downstream through the Limestone GS during 
the following two years (Ambrose et al. 2010b). These results suggested that transfer of subadults was 
not likely a viable method for reintroducing sturgeon into the reservoirs. 

DFO’s recovery potential assessment assessed the MU5 population status as critical with an unknown 
trajectory (Cleator et al. 2010b). 

MU6 

The sturgeon population in MU6 is the most abundant population in the Nelson River, and one of the 
largest populations in Manitoba. DFO’s recovery potential assessment listed the population as healthy 
with an unknown trajectory (Cleator et al. 2010b). Mark and recapture based population estimates for 
adults (i.e., those greater than or equal to 800 mm FL) in this area were derived in 2005 and 2013. The 
estimate from 2005 was 5,467 (range:3,768–8,018) adults, while the most recent estimate was 8,413 
adults (range:6,498 and 10,758) (Henderson et al. 2014) (Table 5.4.3A-6). The substantial increase in the 
abundance estimate was largely the result of relatively high numbers of unmarked small adults and 
subadults (750–849 mm FL) in the catch in 2013. In comparison, mean regional population estimates 
derived for populations located upstream of Kettle GS ranged from 183 to 1275 individuals (see Section 
on MU3). 

Three significant spawning locations exist in MU6 including the Lower Limestone Rapids, the lower 
Angling River, and the lower Weir River (Barth and MacDonell 1999; Holm et al. 2006; Ambrose et al. 
2008). Based on the presence of four males in spawning condition that were captured downstream of the 
Limestone GS in 2004, a small number of sturgeon may also spawn in the vicinity of the Limestone GS or 
in the Lower Limestone River (Holm et al. 2006).  

Spring gillnetting studies aimed at determining the relative abundance of spawning adult Lake Sturgeon 
at known and potential spawning areas including the Lower Limestone Rapids, Angling River and Weir 
River were conducted during spring from 2004–2010 (Table 5.4.3A-7). The relative abundance of Lake 
Sturgeon congregating and spawning at the Lower Limestone Rapids during spring is high; however, it 
must be recognized that catches may be affected by daily fluctuations in water levels and flows at this 
location. Due to difficult fishing conditions at this site, CPUE values at the Lower Limestone Rapids during 
spring likely underrepresent the relative abundance in the area. The Lower Angling River was identified 
as a likely spawning area in 2005, and it was sampled during spring each year from 2005–2008 
(Table 5.4.3A-7). Catches at the mouth of the Angling River indicated that a relatively high number of 
sturgeon are present at this location during spring. CPUE values varied between 0.29–0.72, making them 
comparable to those observed at the Lower Limestone Rapids, but lower than those observed at the Weir 
River (Table 5.4.3A-7). Spring adult Lake Sturgeon gillnetting was conducted at the Weir River in 2004, 
2005, 2006, 2008 and 2010 (Table 5.4.3A-7). As many as 355 individual Lake Sturgeon have been 
captured at the Weir River during spring, and CPUE’s have been consistently greater than 1.06 
LKST/22.9 m/24 h and as high as 6.78 LKST/22.9 m/24h, indicating that this is the largest congregation 
of spawning sturgeon on the Nelson River. 
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Available data do not indicate if Lake Sturgeon abundance has changed significantly since construction of 
the Limestone GS. Lake Sturgeon are known to be reproducing successfully. The potential impact of the 
operation of the Limestone GS on spawning habitat in MU6 has been identified as a concern. In 
particular, daily water level fluctuations as a result of cycling at the station, may have negative impacts to 
spawning success in the Nelson River mainstem, specifically at Lower Limestone Rapids. Water level 
fluctuations may cause sturgeon eggs to be more susceptible to exposure and desiccation resulting in 
decreased survival. Water levels in the lower Weir and Angling rivers are also affected by cycling at the 
Limestone GS. However, in the Weir River, Lake Sturgeon have been observed spawning upstream of 
those areas influenced by water level fluctuations (Barth and MacDonell 1999). Further, it is unknown if 
Lake Sturgeon in the lower Nelson River below Limestone Rapids moved upstream to spawn in Long 
Spruce or Kettle rapids prior to hydroelectric development. The Long Spruce and Limestone GSs may 
have permanently reduced the range of habitat available to the sturgeon resident in MU6.  

Difficulties in catching YOY and juvenile Lake Sturgeon in MU6 make it difficult to establish estimates of 
cohort strength or obtain an understanding of how they are distributed. This can be attributed to 
difficulties associated with sampling habitats they are believed to occupy (i.e., deep, high velocity areas of 
the Nelson River; and/or the Nelson River estuary). Directed sampling for juvenile Lake Sturgeon has 
recently been conducted throughout MU6 (Table 5.4.3A-8). Results of these studies suggest juvenile 
Lake Sturgeon occupy habitats similar to what has been reported for other large rivers in the Hudson Bay 
Drainage, and that juvenile Lake Sturgeon are relatively abundant between the Angling River and 
Jackfish Island, with few captures occurring either upstream or downstream of these areas 
(Table 5.4.3A-8). 

Age at first maturity, estimated from the derived length-at-age relationship and sex and maturity data 
collected from known spawning sites, suggests that males in MU6 reach sexual maturity between 
800–849 mm FL, corresponding to approximately 20–25 years of age (Figure 5.4.3A-3). Although far 
fewer females have been identified, the smallest mature female captured measured 1030 mm. Based on 
these data, age at first maturity for females likely occurs between approximately 25 and 40 years of age 
(Figure 5.4.3A-3). Based on the recapture of spawning males in successive years, spawning periodicity 
for males may be as little as one year. Spawning periodicity for females, however, remains unknown. 
Estimates from other locations suggest 4–7 years between spawning events (Scott and Crossman 1973). 
Lake Sturgeon in the Lower Nelson River (MU6) grow at a slower rate relative to other populations in 
Manitoba (Figure 5.4.3A-2). This slow rate of growth is likely influenced by the high water velocities in the 
reach, which influence energy expenditure when foraging (C. McDougall pers. comm. 2014). 

In addition to the radio-telemetry studies conducted prior to 1990, data on coarse-scale movements of 
Lake Sturgeon have been obtained through mark/recapture studies. A total of 3,085 Floy tags were 
applied to in the Conawapa Study Area, including the Hayes River, from 1986–2012. Of these, 1,085 
(35.2%) were recaptured one or more times for a total of 1,656 recaptures (Table 5.4.3A-9). By life stage, 
considerably fewer tags were applied to juveniles (n = 237) relative to subadults (n = 533) and adults 
(n = 2,315). Notable movements included sturgeon moving into the Hayes River and upstream to Red 
Sucker Rapids. Lake Sturgeon also were shown to move from the Hayes River back into the Nelson. 

To provide more detailed information on the frequency and timing of sturgeon movements, acoustic 
transmitters were implanted into 39 adult Lake Sturgeon (20 tags were applied in August 2004, and 
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19 were applied in September 2005). The results showed complex movements, with two fish moving into 
the Hayes River, and the majority spending most of their time between the Angling River and Deer Island.  

Genetic analysis using SNPs found significant population structuring of Lake Sturgeon in northern 
Manitoba (Churchill, Nelson, Hayes, Gods, and Fox rivers) (Gosselin et al. 2015). Specifically, in the 
Nelson River, Lake Sturgeon captured from the three spawning areas in MU6 (i.e., Lower Limestone 
Rapids, Angling River and Weir River) were considered to be genetically the same population. However, 
this group was distinct from all populations farther upstream in the Nelson River (Jenpeg, Landing River, 
Kelsey/Grass River, Burntwood River, and Gull Lake), as well as populations from other watersheds 
(Hayes, Gods, Fox and Churchill rivers). 

There has been no commercial harvest of Lake Sturgeon in the Nelson River since 1991. However, Lake 
Sturgeon in the lower Nelson River continue to be harvested for domestic use by First Nation 
communities. Of the 3,085 Floy tags applied to Lake Sturgeon in the Conawapa Study Area, at least 68 
(2.2%) have been harvested. Further, of the 40 acoustic transmitters applied to Lake Sturgeon in 2004 
and 2005, two (5.0%) were reportedly harvested. Recaptured Lake Sturgeon have been reported by 
resources users from several communities including Shamattawa, Fox Lake, York Landing, and Split 
Lake.  

To ensure the future of Lake Sturgeon in the lower Nelson River, the Kischi Sipi Namao Committee (with 
membership from FLCN, York Factory First Nation, Tataskweyak Cree Nation, War Lake First Nation, 
Shamattawa First Nation, KHLP, Manitoba Hydro and Manitoba Conservation and Water Stewardship) 
was formed in 2013 to bring together interested stakeholders to implement measures to protect and 
enhance sturgeon populations from Kelsey GS to Hudson Bay. 

5.4.3.4 Cumulative Effects of Hydroelectric Development on Lake 
Sturgeon in Area 2 

Lake Sturgeon inhabit the entire reach of the lower Nelson River from Kelsey Rapids to the 
estuary. Although historical reports suggest that Lake Sturgeon were more abundant in the upper 
reaches, FLCN recall that sturgeon were abundant throughout the lower reach of the river. First Nations 
reported important fishing locations at Kelsey Rapids, First Falls on the Burntwood River, Witchai Lake 
Falls, First Falls on the Odei River, Gull Rapids, Moose Nose River and Lake, 4.8 km (3 mi) upstream of 
Kettle Rapids, Kettle Rapids, Butnau River, Long Spruce Rapids, Limestone Rapids, Limestone River, 
Angling River, Angling Lake, Weir River and Roblin River. 

Commercial fishing for Lake Sturgeon downstream of Kelsey Rapids commenced sometime between 
1918 and 1924. The fishery was subsequently closed due to depleted stocks on two occasions over the 
next three decades: 1931–1936 and 1947–1952. Unfortunately, commercial harvest data from prior to 
1970 provide little site specific information because catches were reported from all areas of the Nelson 
River combined.  

The commercial fishery reopened in 1953 and by 1959, during the first stages of hydroelectric 
development (i.e., construction of Kelsey GS), it was clear to provincial fisheries biologists that the 
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commercial fishery had further depleted the stock. Despite the concern, the fishery went ahead in 1960 
yielding just 7% of the quota, and was subsequently closed in 1961. 

Construction of the Kelsey GS would have affected Lake Sturgeon habitat upstream (see Area 1) and 
downstream of the station. The footprint of the station was on a known Lake Sturgeon spawning location. 
Because flows through the GS were not cycled to a large extent, water level effects to sturgeon habitat 
downstream of the GS were likely minor. 

The Kettle GS (completed 1969) created Stephens Lake, which flooded sturgeon habitat in the Nelson 
River and its tributaries between Gull Rapids and the former Kettle Rapids. After impoundment, Gull 
Rapids became the only suitable remaining spawning habitat for Lake Sturgeon in Stephens Lake. 
Habitat was altered at many locations considered by FLCN members as important Lake Sturgeon habitat. 
Downstream of the Kettle GS potential impacts to sturgeon included the loss of spawning habitat due to 
the GS footprint, increased harvest due to the workforce and changes to water levels and flows affecting 
habitat conditions.  

In 1970, just as Kettle GS was being completed, the commercial Lake Sturgeon fishery re-opened after 
being closed for nearly a decade. The Nelson River was divided into five commercial fishery management 
units, each with a quota that was tracked separately. Unit 4 from Kelsey GS to Kettle GS had a quota of 
1,363 kg and Unit 5 from Kettle GS to the Weir River had a quota of 909 kg.  

Effects to Lake Sturgeon following completion of the Long Spruce GS in 1979 remain unknown. 
Published information about Lake Sturgeon in the Nelson River between Kettle Rapids and Long Spruce 
Rapids prior to 1985 is limited. FLCN (2008) reported that members regularly harvested sturgeon from 
rapids in the area. The footprint of the Long Spruce GS may have affected spawning habitat and the 
station would have blocked upstream movement. Increased water levels upstream of the station would 
have affected depth and water velocity of Lake Sturgeon habitat. 

From 1970–1982, 4,305 kg (9,490 lbs. or approximately 330 fish assuming a 13 kg [28.6 lb.] average) of 
Lake Sturgeon were commercially harvested from the Kelsey GS to Kettle GS reach. The harvest of 
sturgeon downstream of Kettle GS for the same period was 2,110 kg (4,652 lbs. or 162 fish assuming a 
13 kg average). No commercial catches were reported after 1982 and the fishery was closed in 1992. 

Domestic fishing and commercial by-catch continued to remove Lake Sturgeon from Kelsey, Split, Gull 
Rapids and below Kettle Rapids during the 1970s and 1980s. Exact numbers of fish removed are 
unknown. In response to low numbers of Lake Sturgeon in the upper Nelson River, the Nelson River 
Sturgeon Management Board was established in 1992. The mission of the Board was to provide for 
conservation and protection of both the fish stocks and the cultural aspects of the fishery in the Nelson 
River downstream to Split Lake. 

Construction of Limestone GS commenced in 1976, was suspended in 1978, and recommenced in 1985. 
None of the Lake Sturgeon tagged with radio-tags below the site of the Limestone GS during the 
construction period moved upstream past the Limestone GS cofferdam. Published information on the 
historical abundance of Lake Sturgeon in the Nelson River between Long Spruce Rapids and Limestone 
Rapids is limited. FLCN members state that they regularly harvested sturgeon from rapids in the area. 
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Studies conducted in the Limestone reservoir portion of the river immediately prior to impoundment 
showed a low abundance of sturgeon. 

Studies soon after impoundment found only remnant populations in the Long Spruce and Limestone 
reservoirs. Tag returns suggest that a large proportion of sturgeon that were in the Limestone reservoir 
moved downstream out of the reservoir soon after impoundment. Lake Sturgeon have been shown to 
move from Stephens Lake into the Long Spruce reservoir. It remains uncertain whether recruitment is 
currently occurring in the reservoirs and whether there is sufficient habitat to meet all the life history 
needs of a population. It is unlikely that these reaches of the river would have met all Lake Sturgeon life 
history needs prior to hydroelectric development. A large proportion of Lake Sturgeon translocated into 
the reservoirs moved downstream suggesting that this is not likely a viable method for re-establishing 
populations. 

Since 1985, considerable study has been conducted on Lake Sturgeon in Area 2, making it one of the 
most well studied regions for Lake Sturgeon within the species’ North American range. As such few 
contemporary data gaps remain. Unfortunately, the lack of historical data prevents contemporary to 
historical comparisons. 

Genetic analysis using SNPs found significant population structuring of Lake Sturgeon in northern 
Manitoba (Churchill, Nelson, Hayes, Gods, and Fox rivers) (Gosselin et al. 2015). Specifically, in the 
Nelson River, three genetically distinct populations were found upstream of the Kettle GS, including one 
in the Burntwood River, one in the Nelson River below the Kelsey GS, and one in the Nelson River 
between Clark Lake and Gull Rapids (including Stephens Lake). Lake Sturgeon captured from the three 
main spawning areas in the lower Nelson River (Lower Limestone Rapids, Angling River and Weir River) 
were considered to be genetically the same population and this group was distinct from all populations 
farther upstream in the Nelson River (Jenpeg, Landing River, Kelsey/Grass River, Burntwood River, and 
Gull Lake), as well as populations from other watersheds (Hayes, Gods, Fox and Churchill rivers). The 
data suggest that Lake Sturgeon populations in the Nelson River were naturally restricted to one-way 
gene flow by geomorphic control points at Kelsey GS (Grand Rapid 6.1 m [20 ft] drop) and Kettle Rapids 
(23.8 m [78.1 ft] drop). 

Lake Sturgeon in the lower Nelson River continue to be harvested for domestic use by First Nation 
Communities. Based on the return of tagged fish, domestic harvest appears to be about 2–5%. 
Recaptured sturgeon have been reported by resource users from several communities including 
Shamattawa, Fox Lake, York Landing, and Split Lake.  

The cumulative impact of hydroelectric development on Lake Sturgeon populations in Area 2 cannot be 
assessed because:  

• baseline data were not collected prior to hydroelectric development; 
• sturgeon numbers in the area affected by the Kelsey GS were severely reduced by the commercial 

fishery prior to construction of the generating station; and 

• the absence of a marked increase in sturgeon numbers in the 25 years since the commercial fishery 
has been closed could be attributed to a number of variables, including extremely low numbers of 
reproducing fish, continued domestic harvest, and/or limitations in habitat quality and/or quantity due 
to hydroelectric development.  



REGIONAL CUMULATIVE EFFECTS ASSESSMENT – PHASE II 
WATER – LAKE STURGEON 

DECEMBER 2015 5.4-50 

Despite historical overexploitation and hydroelectric development, the Nelson River downstream of 
Kelsey GS continues to provide habitat sufficient to support self-sustaining populations of Lake Sturgeon. 
Upstream of Kettle GS, spawning continues to occur in the vicinity of the Kelsey GS, First Rapids on the 
Burntwood River, Witchai Lake Falls, Long Rapids, and Birthday Rapids, and Gull Rapids. Successful 
reproduction also is occurring at all three spawning areas downstream of Limestone GS. However daily 
water level fluctuations as a result of cycling at the Station, may have negative impacts to spawning 
success in the Nelson River mainstem, specifically at Lower Limestone Rapids. 

DFO’s recovery potential assessment listed the status of these populations as cautious with an unknown 
trajectory. In 2013, a stocking program was initiated in the Kelsey GS to Kettle GS reach of the Nelson 
River to address low population numbers, and to mitigate potential effects of the construction of the 
Keeyask Generation Project. It is anticipated that stocking will occur for at least one full generation 
(25 years).  

Only remnant populations of Lake Sturgeon remain in the Long Spruce and Limestone reservoirs. While 
sturgeon younger than the reservoirs are present, it remains uncertain whether these are immigrants from 
upstream, and if habitat within the reservoirs is sufficient to meet all of their life history needs. 
Construction of the Long Spruce and Limestone GSs contributed to fragmentation of Lake Sturgeon 
habitat in the lower Nelson River and have created semi-isolated populations within the reservoirs. DFO’s 
recovery potential assessment listed the status of populations in the reservoirs as critical with an 
unknown trajectory (Cleator et al. 2010b).  

The sturgeon population downstream of Limestone GS is the most abundant population in the Nelson 
River, and one of the largest populations in Manitoba. DFO’s recovery potential assessment in 2010 listed 
the status of this population as healthy with and unknown trajectory. The population estimate for adults 
was 5,467 in 2005 and 8,413 in 2013. The substantial increase in the abundance estimate was largely the 
result of relatively high numbers of unmarked small adults and subadults in the catch in 2013. To ensure 
the future of Lake Sturgeon in the lower Nelson River the Kischi Sipi Namao Committee (with 
membership from FLCN, York Factory First Nation, Tataskweyak Cree Nation, War Lake First Nation, 
Shamattawa First Nation, KHLP, Manitoba Hydro and MCWS) was formed in 2013 to bring together 
interested stakeholders to implement measures to protect and enhance sturgeon populations from Kelsey 
GS to Hudson Bay.  
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5.4.4 Area 3: Southern Indian Lake to First Rapids on the 
Burntwood River 

The upper portion of Area 3 is bounded on the upstream end by Leaf Rapids on the Churchill River and 
extends through Opachuanau Lake and all of Southern Indian Lake (SIL) with its outlets at the Missi Falls 
CS and the South Bay Diversion Channel. The CRD Route extends from the inlet of the South Bay 
Diversion Channel downstream to First Rapids on the Burntwood River (Map 5.4.4-1). 

Construction activities, including construction of major access roads and development of construction 
camps for the Missi Falls CS and the South Bay Diversion Channel, were initiated in winter 1972/1973. 
Construction of the first cofferdam at Missi Falls CS was completed on August 8, 1973 at which time 
impoundment of SIL was initiated. Construction of the South Bay Diversion Channel was initiated in 1974. 
The cofferdam at Missi Falls was removed on November 17, 1975 and the Missi Falls CS essentially 
became operational at that time although it was not fully completed until December 1976. The South Bay 
Diversion Channel cofferdam was removed on June 2, 1976 and the CRD became operational at that 
time. SIL fully staged on October 15, 1976. Construction activities, including construction of major access 
roads and development of construction camps for the Notigi CS, were initiated in winter 1972/1973 and 
impoundment of Notigi Lake was initiated on May 8, 1974. Impoundment of the Notigi reservoir was 
completed on November 25, 1975, diversion of the Churchill River was initiated on June 2, 1976, and the 
cofferdam at the Notigi CS was removed on September 1, 1976. 

There is almost no scientific information on Lake Sturgeon in Area 3. It is currently not known to support a 
Lake Sturgeon population and historical use can only be inferred from populations that occurred upstream 
and downstream of the Area. In DFO’s recovery potential assessment for DU1 (the Churchill River 
between the Manitoba border and Missi Falls CS), Cleator et al. (2010a) stated “Scientific knowledge of 
the historic and current distribution of Lake Sturgeon within DU1 is, at best, limited”. For each of the Lake 
Sturgeon indicators (i.e., abundance, growth, condition), or indicator metrics (i.e., CPUE, length-at-age, 
weight-at-age, Fulton’s condition factor) selected to assess change to Lake Sturgeon populations, only 
one single data point exists. This lack of information makes it impossible to provide any quantitative 
statements regarding Lake Sturgeon condition pre- or post-hydroelectric development. Therefore, the 
following will describe what is known about Lake Sturgeon, in the vicinity of Area 3, with the available 
information coming mainly from the upper Churchill River, upstream of Area 3 (as these fish can 
potentially move into Area 3). 

5.4.4.1 New Information and/or Re-analysis of Existing Information  
No new information could be located on Lake Sturgeon in Area 3. A key person interview with Don 
Macdonald, the Regional Fisheries Manager for the Northeast Region of MCWS, provided some 
information which is discussed below. 
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5.4.4.2 Changes in Lake Sturgeon over Time 

5.4.4.2.1 Pre-hydroelectric Development 

The earliest record of Lake Sturgeon in the vicinity of Area 3 comes from a report by Skaptason (1926) 
describing the commercial fisheries resources of Manitoba. Skaptason (1926) reported that the Churchill 
River in Manitoba was first fished commercially in the winter of 1924–1925 between Duck and 
Pukatawagan lakes (upstream of Area 3), and that sturgeon were taken in “paying quantities”. According 
to Stewart (2009), 2,540 kg of sturgeon were harvested from that area of the Churchill River in 
1924/1925. Skaptason (1926) also wrote that sturgeon were apparently larger and more plentiful 
downstream of Duck and Pukatawagan lakes in Granville and “the Indian lakes”, but were not fished 
commercially due to the difficulty of transport to market. Skaptason’s (1926) mention of sturgeon existing 
in the “Indian lakes” is the only known published reference to Lake Sturgeon possibly having existed in 
SIL. 

Harvest of Lake Sturgeon from the upper Churchill River (i.e., defined herein as the reach of the Churchill 
River upstream of Area 3), was not reported again until 1938/1939. According to records provided in 
Stewart (2009) a relatively small annual harvest of sturgeon was recorded from the upper Churchill River 
between 1938 and 1946 (Figure 5.4.4A-1). Harvest locations are unknown for this time period. 

Commercial harvest of Lake Sturgeon was closed province wide from 1946 to 1952, and when the fishery 
re-opened in 1953, the reported harvest from the upper Churchill River was approximately 8,500 kg, the 
highest harvest on record from this area (Stewart 2009). Harvest was reported annually from 1953–1961, 
after which time the fishery was closed for the next 11 years (Stewart 2009). 

Kooyman (1955) analyzed data from the 1953 commercial fishery on the Churchill River. No indication of 
the location of capture was provided in Kooyman’s report; however, it is likely that the fish were captured 
in the Churchill River upstream of Area 3 (D. Macdonald pers. comm. 2014). A total of 104 Lake Sturgeon 
were included in this data set, and Kooyman (1955) suggested that based on historical production 
records that the Churchill River never had a population large enough to yield production levels 
comparable to the Nelson River. Don Macdonald (pers. comm. 2014) attributed the current low numbers 
of Lake Sturgeon in the Churchill River to either low productivity, as Kooyman (1955) suggested, or 
possibly a large harvest event that was never recorded. 

In a fisheries survey of SIL, Lake Sturgeon were absent from the catch (McTavish 1952). Lake Sturgeon 
also were not reported in standard gang index gillnet studies conducted in SIL in the early 1970s 
(Bodaly et al. 1980). Prior to 1976 (the year that Missi Falls CS was completed, water levels increased on 
SIL, and flows increased down the CRD route to the Nelson River) commercial harvest of Lake Sturgeon 
was reported from the Churchill River in 1972 and in 1975, with a harvest of 27 and 56 kg, respectively 
(Figure 5.4.4A-1). Assuming a 15 kg average, this would have amounted to no more than three to five 
individuals. 
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5.4.4.2.2 Post-hydroelectric Development 

“The Missi Falls CS, at the eastern end of SIL, went into operation in 1976 causing the lake to increase 
about 3 m (9.8 ft) in depth and about 85% of the water that normally flowed into SIL and out through the 
Churchill River to be diverted into the Burntwood and Nelson rivers system (Federal Ecological Monitoring 
Program 1992) (Map 5.4.1-1). Although this development had large impacts to SIL, the areas where Lake 
Sturgeon had been historically harvested (i.e., upstream of Opachuanau Lake and the backwater effect of 
Missi Falls) were not materially affected. 

Sturgeon were reportedly harvested in the Churchill River in 1976 and periodic harvests were reported 
until 1989/1990 (Stewart 2009) (Figure 5.4.4A-1). Harvest was less than 1600 kg annually. In addition, 
domestic harvest in the Churchill River by First Nation members from the community of South Indian Lake 
was occurring in the early 1980s (C. Hrenchuk pers. comm. 2014). 

Lake Sturgeon have never been reported from studies conducted using standard gang index gill nets in 
SIL from the 1970s to 2013 (see Fish Community, Chapter 5.3). 

Over the past two decades, reports of Lake Sturgeon in or upstream of Area 3 have been rare. A large 
Sturgeon in excess of 150 kg was reported from each of Granville Lake and Pukatawagan Lake in 1986 
and 2003, respectively. In Hughes Lake, a Lake Sturgeon was recently captured in a standard index gill 
net gang set by MCWS (MCWS unpubl. data). This fish measured approximately 457 mm (18 inches) 
long, suggesting that it was less than five years of age. This capture suggests that Lake Sturgeon may be 
naturally reproducing in the Hughes Lake/Eden Lake system. According to the regional fisheries 
manager, Lake Sturgeon may have always existed in this system, which was not harvested commercially 
(D. Macdonald pers. comm. 2014). In addition, two “small” sturgeon have reportedly been captured in the 
Burntwood River near Thompson upstream of First Rapids (D. Macdonald pers. comm. 2014). The origin 
of these sturgeon is unknown, however, two possibilities exist. The increased flow down the 
Rat/Burntwood system may have allowed Lake Sturgeon to pass through First or Second Rapids on the 
Burntwood River, (which may not have been possible prior to CRD), and allowed Lake Sturgeon to 
colonize this reach. The other possibility is that these Lake Sturgeon may have moved downstream from 
the upper Churchill River or the Hughes Lake/Eden Lake system where remnant populations may exist. 

5.4.4.3 Cumulative Effects of Hydroelectric Development on Lake 
Sturgeon in Area 3 

There is almost no scientific information on Lake Sturgeon in Area 3 as this area (both historically and 
currently) is not known to support a Lake Sturgeon population. Lake Sturgeon in the upper Churchill River 
upstream of Area 3 were harvested periodically from 1925 to 1989, however, reported commercial 
harvests were not large. No historical records of Lake Sturgeon from SIL were located and it is unknown if 
Lake Sturgeon utilized habitat within the lake. Finally, habitat changes resulting from CRD likely did not 
affect Lake Sturgeon in SIL or other parts of Area 3 as they were either not present or existed at low 
abundances prior to hydroelectric development.  
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5.4.5 Area 4: Missi Falls Control Structure to Churchill 
River Estuary 

The Lower Churchill River area extends from the Missi Falls CS at the natural outlet of SIL to the Churchill 
River Estuary and includes a number of lakes (Partridge Breast, Northern Indian, Fidler, and Billard), as 
well as the waterbody created by the Lower Churchill River Water Level Enhancement Weir Project 
(Churchill Weir) (Map 5.4.5-1).  

Construction activities, including construction of major access roads and development of construction 
camps for the Missi Falls CS were initiated in winter 1972/1973. Construction of the first cofferdam at 
Missi Falls was completed on August 8, 1973 at which time impoundment of SIL was initiated. The 
cofferdam at Missi Falls was removed on November 17, 1975 and the Missi Falls CS essentially became 
operational at that time although it was not fully completed until December 1976. Southern Indian Lake 
was fully staged by October 15, 1976. 

In terms of effects of CRD downstream of SIL on the lower Churchill River, minor effects associated with 
construction of the Missi Falls CS began in August 1973 (i.e., minor reductions in outflows began at this 
time). However, major staging of SIL was not initiated until June 1976, at which time discharge from the 
Missi Falls CS was substantially reduced. 

Construction activities in the SIL area may have affected water quality in the lake beginning as early as 
1972. Changes in some water quality metrics were observed in the Missi Falls area over the period of 
1974–1976 and these changes could have affected water quality downstream in the lower Churchill River. 
Conceptually, effects of CRD may have occurred in the lower Churchill River as early as 1972, or notably, 
over the 1974–1976 period as observed upstream. However, as large changes in flows in the lower 
Churchill River associated with CRD were first initiated in 1976, most previous assessments have 
identified data collected prior to 1976 as representative of pre-CRD conditions. 

For the purposes of this assessment, 1976 (when large changes in flows were first initiated) has been 
designated as the period of construction, data collected prior to 1976 are considered as pre-CRD, and 
data collected after 1976 were considered to represent post-CRD conditions (i.e., operation period). This 
is consistent with data presented in the Physical Environment section of the Phase I report 
(Manitoba Hydro 2014a). 

Construction of the Churchill Weir began in summer 1998 and was completed in early winter 1998. 
However, some construction activities associated with ancillary features continued into 1999. For the 
purposes of the fish community assessment any data collected up to and including 1997 were considered 
as pre-Churchill Weir, data collected in the area affected by the Churchill Weir during 1998 were 
considered as construction, and any data collected in the area affected by the Churchill Weir from 1999 
onwards were considered as post-Churchill Weir. 
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5.4.5.1 Key Published Information 
Prior to the CRD, there are no published accounts of Lake Sturgeon in Area 4 (Lake Sturgeon MU3 in 
DU1; Map 5.4.1-1) (Cleator et al. 2010a). As previously discussed in Section 5.4.4, historic information 
relating to Churchill River Lake Sturgeon populations is limited to the upper Churchill River and includes a 
limited commercial harvest (Skaptason 1926; Kooyman 1955; Stewart 2009). Pre-CRD fish population 
studies were conducted on Partridge Breast, Northern Indian, and Fidler lakes in the 1960s and 1970s, 
but Lake Sturgeon were not captured (Topolinski 1972; Barnes 1990).  

From 1994–2013, fish population data were collected from the lower Churchill River mainstem in the 
vicinity of the Churchill Weir (Remnant 1995; Remnant and Kitch 1996; Fazakas and Remnant 1997; 
Bernhardt 1997) (Bernhardt 2000, 2001, 2002a, 2002b, 2005; Bernhardt and Holm 2003; Bernhardt and 
Pisiak 2006; Pisiak and Bernhardt 2007; Bernhardt and Caskey 2009; Murray et al. 2010; Murray and 
Caskey 2011; Hertam et al. 2014). Only incidental captures of Lake Sturgeon were observed during these 
studies. 

An investigation to assess the abundance of adult Lake Sturgeon along a 45 km-long (28 mi) stretch of 
the Churchill River that included Billard and Fidler lakes was conducted using large-mesh gill nets in 2010 
(NSC 2011). 

Focused Lake Sturgeon studies were conducted to develop population estimates for the reach of the 
Churchill River between Redhead Rapids and Swallow Rapids (this reach includes the confluence with 
the Little Churchill River) in 2003 (Maclean and Nelson 2005) and 2013 (Blanchard et al. 2014). In 2011, 
North/South Consultants (NSC 2012b) assessed quantities of larval Lake Sturgeon drifting out of the Little 
Churchill River. The following year, a comprehensive, discrete habitat survey was conducted in both the 
Churchill River and the Little Churchill River in the vicinity of the confluence of these rivers (NSC 2012c). 

Farther downstream, a focused Lake Sturgeon study was conducted in the reach of the Churchill River 
between Swallow Rapids and the confluence with the Little Beaver River in 2013 to determine the relative 
abundance of adult and juvenile sturgeon occupying the reach. Habitat information (depth and substrate) 
was also collected. 

Scientific study of fish communities (or Lake Sturgeon) in Area 4 began in the 1990s. Studies will be 
presented by reach in the sections below. 

5.4.5.2 New Information and/or Re-analysis of Existing Information 
No new information could be located on Lake Sturgeon in Area 4. A key person interview with Don 
Macdonald, the Regional Fisheries Manager for the Northeast Region of MCWS, provided some 
information which is discussed below. 
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5.4.5.3  Changes in Lake Sturgeon over Time 
The Churchill River is the is the most northerly river inhabited by Lake Sturgeon and acts as the northern 
boundary of its distribution. As such, it may be expected that Lake Sturgeon populations in the Churchill 
River would not be as robust as for rivers more central to its range. 

Due to natural breaks in habitat, and distinct changes to the abundance of Lake Sturgeon, Area 4 was 
divided into three distinct reaches for the purposes of this assessment. These include,: i) the upper reach: 
Missi Falls to Redhead Rapids; ii) the middle reach: Redhead Rapids to Swallow Rapids, includes the 
confluence with the Little Churchill River; and iii) the lower reach: Swallow Rapids to the estuary 
(Map 5.4.5-1). 

5.4.5.3.1 Pre-hydroelectric Development 

As previously discussed, quantitative Lake Sturgeon data were not collected from the lower Churchill 
River prior to CRD to facilitate pre- and post-CRD comparisons using the indicator metrics. The only 
pre-CRD information concerning Lake Sturgeon in Area 4 was found in unpublished MFB records. 
According to branch records, Lake Sturgeon appear to have been harvested commercially in the 1950s 
by Split Lake residents. A few men fished in 1954, and reportedly, Churchill River sturgeon were found to 
be a lower grade than Nelson River sturgeon. In 1957, attempts were made to harvest Lake Sturgeon 
from the upper reach of Area 4 (i.e., Billard Lake area). The catch was described as “small” and many of 
the fish captured were less than 11.3 kg (MDMNR1958 unpubl. data). In 1975, two licenses were issued 
to fishermen to salvage Lake Sturgeon from the Lower Churchill River prior to the drawdown caused by 
CRD. Although the reach of the river that these fishermen attempted to fish is unknown, fishermen found 
the abundance of Lake Sturgeon to be low and only 54 kg were harvested. Records suggest that after 
one week, fishermen abandoned attempts to harvest Lake Sturgeon because they could not find a good 
population and the costs of transportation (flying) were too high to make a profit. It should be noted that 
only 13 inch mesh could be used in the commercial fishery, and given the relatively small size of sturgeon 
in the Churchill River, may have limited the number of sturgeon captured. 

5.4.5.3.2 Post-hydroelectric Development 

UPPER REACH 

Recent information from the upper reach of the Churchill River (Area 4) suggests that the reach is nearly 
devoid of Lake Sturgeon. Lake Sturgeon were not observed during index gillnetting studies conducted in 
Partridge Breast, Northern Indian, Fidler, and Billard lakes in 2008 and 2009 (NSC 2014). Further, only 
one sturgeon was captured at the outlet of Billard Lake during a focused adult and juvenile Lake Sturgeon 
inventory conducted in a 45 km-long (28 mi) stretch of the Churchill River that included Billard and Fidler 
lakes (NSC 2011). During this study, field crews found travel in the upper section of the Churchill River 
difficult, and had trouble locating areas of the river with sufficient water depth to support sturgeon.  
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MIDDLE REACH 

According to MFB records, a single commercial fisher harvested periodically in the Lower Churchill River 
at the confluence with the Little Churchill River between 1977 and 1987. In 1977, it was reported that the 
fisher was unable to find fish and no harvest was reported. Three years later, in 1980, 1,202 kg of Lake 
Sturgeon were harvested. Assuming a 15 kg average, the harvest may have included approximately 80 
individuals. Reported harvest quantities were lower in subsequent years: 1982 (1,123 kg), 1983 (888 kg), 
1986 (422 kg) and 1987 (745 kg). In October 1989, a single fisher was interested in assessing the Lake 
Sturgeon fishery of the Lower Churchill River; however, reports indicate “there was virtually no catch to be 
had” and further attempts were abandoned.  

Recent data suggest that Lake Sturgeon are relatively abundant and known to be recruiting in the middle 
reach of Area 4 (Churchill River between Redhead Rapids and Swallow Rapids) (Maclean and 
Nelson 2005; NSC 2012b; Blanchard et al. 2014; NSC unpubl. data). Habitat capable of supporting each 
life stage can be found near the confluence of the Little Churchill River. The capture of larval sturgeon 
indicates that successful spawning occurs in the Little Churchill River near the confluence (NSC 2012b). 
Juvenile sturgeon are abundant in the thalweg of the Churchill River between the Little Churchill River 
and Swallow Rapids (NSC unpubl. data). Adult sturgeon are relatively abundant and recent population 
estimates suggest that between 1,300 and 2,400 mature individuals exist in the population 
(Table 5.4.3A-6) (Maclean and Nelson 2005). Lake Sturgeon growth, based on juvenile length-at-age 
data from the middle reach of Area 4 is lower than for populations in the Nelson River, but similar to the 
Burntwood and Hayes rivers, and sections of the Winnipeg River (Figure 5.4.3A-2).  

Lake Sturgeon are also known to utilize the Little Churchill River system and reports from local resource 
users suggest that fish tagged at the mouth of the Little Churchill River have been harvested in Recluse 
Lake (D. Macdonald pers. comm. 2014).  

LOWER REACH 

Similar to the upper reach of Area 4, sturgeon are believed to be rare in the lower reach. Information 
collected from resource users in Churchill circa 1993 indicated that small numbers of Lake Sturgeon 
could be captured in the small pockets of deep water (Remnant and Bernhardt 1994). Further, only small 
numbers of juvenile and/or adult Lake Sturgeon have been captured (CPUE less than 1.0 fish/100 m of 
net/24 h) near the Churchill River Weir prior to and following construction of the weir (Remnant 1995; 
Peake and Remnant 2000; Bernhardt 2000, 2001, 2002; Bernhardt and Holm 2003; Bernhardt and 
Caskey 2009; Hertam et al. 2014). These sturgeon were likely migrants from farther up the Churchill River 
(i.e., the middle reach), as it is unknown if habitat to support each life stage can be found in the lower 
reach. No studies have specifically targeted Lake Sturgeon in the Churchill River estuary and there are no 
documented records of the species in this location. 

The Lake Sturgeon population status within Area 4 was assessed by DFO as cautious with an unknown 
trajectory (Cleator et al. 2010a). 
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5.4.5.4  Cumulative Effects of Hydroelectric Development on Lake 
Sturgeon in Area 4 

Quantitative Lake Sturgeon data were not collected from the lower Churchill River prior to CRD to 
facilitate pre- and post-CRD comparisons using the indicator metrics. Some Lake Sturgeon were 
harvested commercially in the 1950s but the catch was described as “small”. Attempts to salvage Lake 
Sturgeon from the Lower Churchill River prior to CRD found few sturgeon. Given the lack of pre-CRD 
data, the understanding of how CRD affected Lake Sturgeon and their habitat in Area 4 is poor. 

Immediately following CRD, when the flow of the Churchill River was decreased by approximately 80% it 
may have been expected that Lake Sturgeon would have become more concentrated and more 
susceptible to harvest. However, a commercial fishery at the confluence of the Churchill and Little 
Churchill rivers was unable to find fish in 1977. Harvests of no more than 80 individual sturgeon were 
taken from this location annually from 1980–1987. In 1989, it was concluded that “there was virtually no 
catch to be had”. 

Recent information indicates that few sturgeon inhabit the Churchill River upstream of Redhead Rapids, 
but a relatively good recruiting population of 1,300–2,400 sturgeon inhabit the reach between Redhead 
Rapids and Swallow Rapids. Growth of these fish appears slower than for populations in the Nelson 
River, but similar to the Burntwood, Hayes and sections of the Winnipeg River. Some sturgeon are also 
reported to use the Little Churchill River upstream to Recluse Lake. Incidental captures of Lake Sturgeon 
in the lower reach of the Churchill River may originate upstream of Swallow Rapids. The status of the 
Lake Sturgeon population within the lower Churchill River was assessed by DFO as cautious with an 
unknown trajectory.  
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5.4.6 Summary of the Effects of Hydroelectric 
Development in the Region of Interest on Lake 
Sturgeon 

• Written records of abundant Lake Sturgeon in the RCEA ROI date back 300 years. Historically, First 
Nations harvested Lake Sturgeon for domestic purposes but with the arrival of Europeans in the 
1700s harvesting expanded for local trade. Despite the long history of use, historical records suggest 
that Lake Sturgeon were still considered abundant in the Nelson River at the turn of the 20th century. 
The historical abundance of Lake Sturgeon in the Churchill River, which is the northern boundary of 
the species range, is uncertain. 

• Commercial harvest of Lake Sturgeon from the Nelson River commenced in 1902. Large quantities of 
sturgeon were harvested over the next several years until reports of overexploitation surfaced in 1910 
and the sturgeon fishery was subsequently closed province-wide in 1911. Over the next six decades, 
the commercial fishery in the Nelson River was opened and closed three more times. With each 
opening, the fishery was pushed farther downstream and harvests diminished. Non-commercial 
sturgeon harvests also were known to occur throughout this period of time but the number harvested 
cannot be accurately estimated. 

• By the 1950s, it was clear to provincial fisheries biologists that the commercial fishery had depleted 
the Lake Sturgeon stock in the Nelson River. The only biological information collected on Lake 
Sturgeon prior to hydroelectric development in the RCEA ROI occurred from 1953–1956 using 
commercially harvested fish. These data were collected to inform management decisions regarding 
the commercial fishery, not to establish a baseline against which to assess impacts of hydroelectric 
development. In 1970, just as Kettle GS was being completed, the commercial Lake Sturgeon fishery 
re-opened after being closed for nearly a decade. 

• Lake Sturgeon habitat within the RCEA ROI was incrementally affected with the completion of Kelsey 
GS in 1961, Kettle GS in 1970, Jenpeg GS, LWR and CRD in 1976, Long Spruce GS in 1979, and 
Limestone GS in 1992 and the associated infrastructure that accompanied these developments. 
Some of the potential effects include: stranding of eggs and larvae by fluctuating water levels; 
reduced invertebrate densities; increased (e.g., Stephens Lake) and decreased (e.g., lower Churchill 
River) food supplies; negative impacts to recruitment due to seasonal reversal of flows; 
destruction/alteration of spawning habitat; alterations to juvenile habitat; increased exploitation due to 
increased access; turbine /spillway mortality; and habitat fragmentation /fish blockage.  

• After the Sparrow decision (1991), which clarified the rights of domestic resource users, the Provincial 
Government closed the commercial fishery permanently in 1992. Lake Sturgeon continued to be 
harvested by domestic fishers. 

• Concerns about the sustainability of Lake Sturgeon in the Nelson River prompted the formation of the 
Nelson River Sturgeon Management Board in 1992. The Board has developed initiatives aimed at 
reducing domestic harvest and recovering Lake Sturgeon in the Nelson River from Lake Winnipeg to 
Split Lake. In 2013, the Kischi Sipi Namao Committee was formed with a similar mandate to promote 
conservation of Lake Sturgeon in the lower Nelson River from Kelsey GS to the estuary. Stocking has 
been conducted in several reaches of the Nelson River to facilitate recovery. 
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• Hydroelectric development has substantially altered Lake Sturgeon habitat at a number of sites along 
both the Nelson and Churchill rivers. Some of these habitat alterations would have affected Lake 
Sturgeon population abundance and potentially population recovery. However, the almost complete 
lack of historical scientific data on Lake Sturgeon in the Nelson and Churchill rivers prevents a 
quantitative assessment of how Lake Sturgeon populations in these rivers were affected by 
hydroelectric development. This assessment is further confounded by a commercial and domestic 
harvest that depressed populations prior to, during and after construction of the hydroelectric 
developments. In almost every case where populations are known to have been diminished in this 
RCEA ROI, it is difficult to delineate the effects of hydroelectric development from the effects of 
harvest. 

• Despite the effects of hydroelectric development, recent studies suggest that sufficient habitat 
remains to sustain Lake Sturgeon populations within almost all reaches of the Nelson and Churchill 
rivers where the species historically occurred. However, due to the lack of pre-hydroelectric data we 
cannot determine the extent to which the carrying capacity of this habitat has been changed, or 
affected by habitat fragmentation, resulting from hydroelectric development. 
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5.5 Mercury in Fish 

5.5.1 Introduction 
Mercury was selected as a Regional Study Component (RSC) as it can affect the suitability of fish for 
human consumption and consequently affect commercial, subsistence, and recreational fishing, which 
are key economic and social activities in many communities. Perspectives and experiences with regard to 
elevated mercury levels in fish as a result of pre-hydroelectric development, associated risks to human 
health, and summary results of biomonitoring initiative to assess risk (e.g., hair sampling) are discussed in 
People (Section 3.4.3.8). 

Mercury is naturally found in small amounts in rocks, soils and plants as well as in all lakes, streams and 
oceans. Mercury enters aquatic systems directly through effluents and atmospheric deposition, and from 
weathering of rock and flooding of land. Once in the water, inorganic mercury may be converted to the 
more toxic organic form, methylmercury, primarily by bacteria (Jensen and Jernelöv 1967). The increase 
of methylmercury after flooding results from the introduction of inorganic mercury and organic nutrients to 
the water and the subsequent increase in the activity of the methylating bacteria (Kelly et al. 1997; 
Bodaly et al. 2004; Hall et al. 2005). 

The primary way that animals and people take up methylmercury is through their diet. Mercury 
concentrations in water are generally far too low to have any material effect on human health. Once in the 
water, phytoplankton and zooplankton take up the methylmercury and pass it to larger invertebrates 
and/or small fish that eat them and which are subsequently eaten by larger fish that are eaten by people. 
Mercury concentrations typically increase at successive higher trophic levels of a food web which is 
referred to as mercury biomagnification (Watras et al. 1998). 

Methylmercury concentrations in fish from hydroelectric reservoirs generally show an initial increase and 
then a decrease over time, with maximum mean levels usually occurring within 10 years after flooding 
and declining to pre-impact levels after about 20–30 years (Porvari 1998; Schetagne et al. 2003; 
Bodaly et al. 2007). Piscivorous species such as Northern Pike ([Esox lucius], locally known as jackfish) 
and Walleye ([Sander vitreus], locally known as pickerel) undergo large increases in mercury 
concentrations while species that feed on lower trophic levels such as Lake Whitefish 
(Coregonus clupeaformis), undergo smaller increases (Schetagne et al. 2003; Bodaly et al. 2007). 

Fish is the dominant source of dietary mercury exposure to humans (Mergler et al. 2007). The frequent 
consumption of fish with moderate to high mercury concentrations may pose a risk to human health, 
particularly to foetus and young children because of the detrimental neurotoxicological effects of relatively 
small amounts of mercury on these groups (Clarkson 2002; Mergler et al. 2007). Depending on the 
frequency of consumption a health risk may occur at concentrations above 0.2 parts per million (ppm), but 
a full risk assessment would require the application of the provisional Tolerable Daily Intake (TDI) (Health 
Canada 2010; see Section 5.5.1.3.1). Actual or perceived changes in mercury concentrations have been 
shown to affect domestic fish consumption in First Nations communities, leading to substitution with less 
nutritious diet items and generally decreased food security (Keeyask Mercury and Human Health 
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Technical Working Group 2014; Chan et al. 2010). Even in the absence of clear evidence for reduced 
physical health, misinterpretation and uncertainty about mercury contamination of traditional foods may 
affect the perception of the quality of the fish, and its subsequent consumption by community members. 

Although fish mercury levels have declined since the first flooding of lakes as part of the Churchill River 
Diversion (CRD) and other hydroelectric developments in the Region of Interest (ROI), and in many cases 
have reached concentrations similar to those in fish from non-flooded off-system lakes, mercury remains 
an important issue in many communities. 

In addition to impacts on human health, mercury may also affect the health of the fish. Concentrations 
regularly observed in the musculature of North American freshwater fish (0.5–1.5 ppm) have been shown 
to negatively impact the behaviour, reproduction and other health indicators of individual fish in laboratory 
studies (Sandheinrich and Wiener 2011; Depew et al. 2012; see review in Appendix 5.5.1A). Despite this 
potential for compromised fish health, clear evidence for associated population level effects on wild fish is 
lacking, indicating the need for further toxicological studies on the effects of mercury exposure on fish. In 
the absence of definitive levels of effect, this assessment did not consider potential effects of mercury 
exposure on fish populations/communities. Population level parameters (e.g., reduction in abundance, 
changes in relative species composition) are discussed in Fish Community, Chapter 5.3. 

5.5.1.1  Pathways of Effects 
Hydroelectric development, including creation of reservoirs/flooding of terrestrial habitat, alterations in 
flows and water levels during construction and operation, and water diversion, can affect fish mercury 
concentrations in several ways. These pathways of effects are illustrated in Figure 5.5.1-1.  

In brief, fish mercury may be affected by hydroelectric development through: 

• Flooding of terrestrial habitat and fringing wetlands, particularly bogs. The disintegration of peat and 
other organic soil horizons after flooding releases inorganic and organic (methyl) mercury into the 
water (Bodaly and Hecky 1979). More importantly, as a metabolic side-effect of the bacterial 
decomposition of flooded organic materials, methylation rates of inorganic mercury to methylmercury 
(MeHg) are elevated. The resulting increase in mercury bioavailability leads to higher rates of 
mercury bioaccumulation throughout the food chain and, ultimately, to elevated mercury 
concentrations in fish (Hecky et al. 1991). 

• Erosion and transport/deposition of vegetation and organic and inorganic soil materials as a result of 
factors such as erosion of river and lake shorelines, runoff from cleared forest soils, and disturbance 
of soil during construction. The release of soil and vegetation into the water column further increases 
the amount of organic carbon available for bacterial decomposition. It also increases the supply of 
inorganic mercury available for methylation by bacteria (Bodaly and Hecky 1979 and references 
within). 

• A prolonged period of high flows may temporarily flood riparian shorelines that may have been above 
the post-development water level for several years/decades. Wetting of these areas may lead to the 
mobilization and increased bioavailability of mercury through similar mechanisms as for the initial 
flooding, although on a smaller scale. 
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• Increased access to the reservoir may increase fish harvest. If harvest results in a substantial 
reduction in fish population size, the growth rate of the remaining individuals may increase as a result 
of reduced competition. Higher growth rates may decrease mercury concentrations in individual fish 
as higher growth rates are associated with more rapid elimination of mercury (Göthberg 1983; 
Brinkmann and Rassmussen 2010). 

• Increased access by humans may result in the introduction of aquatic invasive species. An aquatic 
invasive species could alter the trophic structure (e.g., add additional trophic levels to the food chain) 
which may alter mercury accumulation. For example, adding a trophic level to the food chain may 
cause an increase in the mercury concentration of top aquatic predators because bioaccumulation 
rates increase with food chain length (Harris and Snodgrass 1993). 

• Presence of a dam and reservoir may change fish movement patterns. This change could result in 
fish with a higher mercury concentration entering an environment where they typically are not 
present. For example, fish residing for most of the year in the reservoir, and having accumulated 
mercury at a relatively high rate, may seasonally migrate to areas upstream or downstream where 
they could contribute to a local increase in the average mercury concentration of the species. 

5.5.1.2 History of Mercury Research and Monitoring in Manitoba 

According to Bligh (1970, 1971), Gary Wobeser from the University of Saskatchewan announced in 
November 1969 that fish from the Saskatchewan River at 10 sites in Saskatchewan had mercury 
concentrations of, on average, 1.1–6.7 ppm with maximum values in individual White Sucker 
(Catostomus commersoni), Goldeye (Hiodon alosoides) and Northern Pike reaching 11 ppm 
(Wobeser et al. 1970). The authors did not provide a definitive cause for the elevated mercury levels but 
noted that levels were similar to those found in Swedish fish near industrial effluents (Johnels et al. 1967). 

In response to Wobeser’s announcement, the Freshwater Institute in Winnipeg started to analyze fish 
from Manitoba waterbodies provided by the Freshwater Fish Marketing Corporation (FFMC) to the 
Federal Fish Inspections Branch (at the time: Inspections Branch, Department of Fisheries and Oceans 
[DFO]) in December of 1969 (Bligh 1970, 1971). These analyses largely confirmed the earlier results from 
Saskatchewan and showed that fish, particularly Northern Pike, Walleye, and Sauger 
(Sander canadensis) from the Saskatchewan River and Winnipeg River systems in Manitoba frequently 
had mercury concentrations in excess of 0.5 ppm, which is the acceptable Health Canada limit for 
marketing fish in Canada. This resulted in the temporary closure of several commercial fisheries, 
including Lake Winnipeg. The high mercury concentrations in fish from Manitoba waters observed in the 
early 1970s were mainly attributed to industrial, (i.e., chlor-alkali plants, pulp mills) point source 
contamination of rivers and downstream waterbodies (Bligh 1970; Derksen1978a). 

At about the same time, the first scientific publications were indicating that flooding of hydroelectric 
reservoirs can lead to elevated mercury concentrations in resident fish (Johnels et al. 1967; 
Smith et al. 1974; Potter et al. 1975; Abernathy and Cumbie 1977). Although the potential for increased 
mercury methylation in young reservoirs was considered by some of the authors (Smith et al. 1974; 
Abernathy and Cumbie 1977), the exact chain of events that leads to increased mercury bioavailability 
and, ultimately, increased fish mercury concentrations remained unknown.  
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The main event that focused the attention on the reservoir mercury issue in Manitoba occurred in 1977, 
when the Freshwater Fish Marketing Corporation advised by the Inspection Branch of the Department of 
the Environment, Fisheries and Marine Services started to refuse shipments of fish from flooded CRD 
route lakes (D. Bodaly, pers. comm. 2015) and also from at least one off-system lake (Hill Lake; 
Sopuck 1977) because of high mercury concentrations. This discovery essentially closed the commercial 
fisheries of Issett, Notigi, Mynarski, Rat, and Wapisu lakes from 1977-1978 (Bodaly and Hecky 1979) and 
led to a research project within the DFO Science section at the Fresh Water Institute seeking to establish 
the mechanism for the increase in mercury levels subsequent to flooding. Starting in 1978, “survey” 
samples (see Section 5.5.1.4) from Southern Indian Lake (SIL) and soon thereafter from other lakes 
provided the first post-flooding mercury data for individual fish from waterbodies on the CRD route. These 
could be compared to approximately 150 samples of Lake Whitefish from SIL, Issett, and Cousins lakes, 
which had been collected in 1975 by the Fresh Water Institute as ‘baseline’ samples and stored for future 
analysis (Bodaly et al. 1988). The Inspections Branch, which had analyzed individual fish from 
commercial samples for mercury (see Section 5.5.1.4) at a few waterbodies outside of the CRD since 
1971 also started this practice for CRD lakes, first at SIL in 1978 (McGregor 1980), continuing until 1997 
under the auspices of DFO, and later as part of the Canadian Food Inspection Agency at several other 
lakes in Manitoba (E. Burns-Flett, pers. comm. 2015). 

The DFO science project on mercury biogeochemistry and bioaccumulation in reservoirs concluded in 
1982 after having fulfilled its objectives (Bodaly and Hecky 1979; Bodaly et al. 1984a, b). At the time, fish 
mercury concentrations in waterbodies along the CRD route were substantially higher than acceptable for 
fish used in domestic or commercial fisheries, an outcome not predicted by the CRD impact assessment 
(Lake Winnipeg, Churchill and Nelson Rivers Study Board [LWCNRSB] 1975; Rosenberg et al. 1987; 
Bodaly and Rosenberg 1990). 

A subsequent mercury-monitoring program for the CRD route was established by Federal and Provincial 
authorities in 1983. As part of the program, mercury data from five to14 fish species per lake were 
collected from 1982 to 1985 in the area covered by the Northern Flood Agreement (NFA). Sampling was 
continued from 1986 to1989 by DFO at SIL and Issett Lake as part of the Federal Ecological Monitoring 
Program (FEMP) and by the Manitoba Department of Natural Resources as a monitoring program under 
the auspices of the NFA (Green 1990). The results of these studies are published in Bodaly et al. (1987), 
Bodaly et al. (1988), Green (1986, 1990), Derksen and Green (1987), Strange (1985), and 
Strange et al. (1991). 
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Arrow width is not an indication of magnitude. 

Figure 5.5.1-1: Linkage Diagram Showing Potential Pathways of Effect of Hydroelectric Development and Other Factors on Mercury Concentrations in Fish 
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Monitoring in direct response to claims associated with the NFA was discontinued after the 1989 
sampling event, but was reinstated under a four party agreement between DFO, Manitoba Department of 
Natural Resources, Manitoba Hydro, and Hydro Québec. This program, named “Monitoring of mercury 
concentrations in fish in northern Manitoba reservoirs” (MMMR), funded the bi-yearly analysis of mercury 
concentrations in primarily Lake Whitefish, Northern Pike, and Walleye from up to 10 lakes in the CRD 
area (including SIL, Issett, Rat, Threepoint, and Wuskwatim lakes) and the lower Nelson River from 1992 
to 1996. The results are published in Strange (1993, 1995) and Strange and Bodaly (1997). 

The final segment of the MMMR program continued under a 1998 three party agreement between DFO, 
Manitoba Department of Natural Resources, and Manitoba Hydro. Originally intended to cover a sampling 
period from 1998 to 2004, the program was amended in the spring of 2005 in response to policy changes 
at DFO and the start of the collection of fish mercury data as part of the Manitoba Hydro environmental 
studies related to future developments on the Burntwood River (Wuskwatim Generation Project) and on 
the lower Nelson River (Keeyask Generation Project). The final sampling year was set for 2005 and the 
fish species sampled were the same as under the 1992 to 1996 program. The results were published in 
Strange and Bodaly (1999) and Jansen and Strange (2007). The latter report also contains a summary of 
all fish mercury data for lakes covered under the 1998 agreement. 

In 2007/2008, monitoring of mercury in fish from lakes on the CRD route (SIL, Issett, Leftrook, Notigi, 
Threepoint, and Wuskwatim lakes) and the Nelson River was conducted as part of Manitoba Hydro’s 
environmental studies (Jansen 2010a). With the establishment of the Coordinated Aquatic Monitoring 
Program (CAMP) by Manitoba Conservation and Water Stewardship (MCWS) and Manitoba Hydro in 
2008, the monitoring of fish mercury concentrations within the Manitoba Hydro system has been formally 
(re)established at 17 lakes and four river sites. Species monitored under CAMP are: Lake Whitefish, 
Northern Pike, Walleye, Yellow Perch (Perca flavescens; juveniles only), and Lake Sturgeon 
(Acipenser fulvescens; incidental mortalities only). 

5.5.1.3 Indicators and Metrics 
The indicator for fish mercury in the current assessment is the concentration of total mercury in the 
epaxial (i.e., dorsal trunk) musculature of fish. It was measured as the amount of mercury (µg) per gram 
of muscle wet weight (i.e., ppm). The assessment is focussed on three key species: Lake Whitefish, 
Walleye and Northern Pike. These species were selected because they are typically the focus of mercury 
assessments in Manitoba due to their importance to domestic, recreational and commercial fisheries. 
Walleye and Northern Pike are also top aquatic predators and are therefore at greatest risk for 
biomagnification of mercury. 

At highly contaminated sites with industrial inputs of mercury, or soon after short-term high dietary 
exposure to mercury, liver or kidney concentrations in fish can be higher than muscle concentrations 
(Bligh 1970; Lockhart et al. 1972; Johnston et al. 2001). However, under normal, steady-state conditions 
of mercury exposure, fish muscle usually has the highest concentrations of all tissues or concentrations 
are similar between muscle and liver (Johnels et al. 1967; Potter et al. 1975; Lodenius et al. 1983; 
Goldstein 1996; Johnston et al. 2001). 



REGIONAL CUMULATIVE EFFECTS ASSESSMENT – PHASE II 
WATER – MERCURY IN FISH 

DECEMBER 2015 5.5-7 

Mercury primarily (>85%) exists as organic methylmercury in the axial musculature of freshwater fish 
(Lockhart et al.1972; Grieb et al. 1990; Johnston et al. 2001; Van Walleghem et al. 2007) and higher 
vertebrates (Wiener and Spry 1996). Methylmercury is the form of mercury that biomagnifies 
(Watras et al. 1998). Largely because of the much lower analytical costs, total mercury is typically 
analyzed in monitoring programs for fish mercury and is used as a surrogate for methylmercury. Muscle is 
the tissue of choice for the monitoring of mercury in fish (e.g., Depew et al. 2013). 

5.5.1.3.1 Benchmarks 

The implications of fish mercury on commercial and domestic fisheries were assessed through 
comparisons of mercury concentrations to standards developed by regulatory agencies with respect to 
the consumption of fish. As noted below, the use of some of these standards has changed over time. 

For the general public consuming store-bought fish, Health Canada applies a standard of 0.5 ppm total 
mercury (Health Canada 2007a, b). The Manitoba guideline for aquatic life mercury tissue residue in fish 
for the protection of human consumers is also 0.5 ppm total mercury (MWS 2011). 

Based on its involvement in the CRD fish mercury issue in the mid-1970s, Health Canada recognized the 
need for a generalized and practical mercury guideline for the frequent domestic consumption of fish. 
Subsequently, Health Canada suggested 0.2 ppm of mercury in fish as a “safe consumption limit” for 
people eating ‘large quantities of fish’ for subsistence purposes (Wheatley 1979). This guideline has been 
used by regulators and attributed to Health Canada until the recent past (e.g., Government of Alberta 
2009) and therefore is relevant for the assessment of historic effects of mercury on domestic consumption 
and the conduct of fisheries. Currently, Health Canada no longer recommends the value of 0.2 ppm as a 
threshold below which unrestricted fish consumption is acceptable. Instead, the agency requires the use 
of the provisional TDI of 0.47 μg methylmercury per kilogram of body weight per day (kg-bw/day) for 
adults, and 0.2 μg methylmercury per kg-bw/day for women of childbearing age (Health Canada 2010) in 
human health risk assessments. The TDI approach does not result in a simple number for a fish mercury 
concentration that is safe for human consumption. Instead, it requires a calculation involving detailed 
knowledge of a fish’s mercury concentration (and the percentage of total mercury in the form of 
methylmercury), the weight of the amount of fish consumed, and the consumers body weight to assess 
the personal risk of mercury exposure. To provide a more intuitive approach to assessing risks of frequent 
fish consumption, site-specific consumption guidelines incorporating species and size of fish have been 
developed based on TDI calculations (Keeyask Mercury and Human Health Technical Working Group 
2014). 

The Canadian Council of Ministers of the Environment (1999, updated to 2015) and Manitoba tissue 
residue guideline of 0.033 ppm methylmercury for the protection of wildlife consumers (e.g., otters) of 
aquatic biota (MWS 2011) represents an additional benchmark for characterizing fish mercury 
concentrations. This guideline was derived by choosing the most sensitive lowest observed adverse 
effect levels published for any wildlife species, applying a margin of safety when calculating the TDI, and 
using a marine bird with an extremely high daily food intake as a surrogate for all wildlife species. Since 
its first publication, the guideline has been criticized as being too low to be practical. Conservatively 
assuming that 85% of the mercury in fish muscle exists as methylmercury (Lockhart et al.1972; Grieb et 
al. 1990; Johnston et al. 2001; Van Walleghem et al. 2007) a methylmercury concentration of 0.033 ppm 
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corresponds to a concentration of total mercury of approximately 0.039 ppm. Such a concentration, and 
thus the guideline, will be exceeded by a substantial portion of fish from lower trophic levels and almost 
all adult predatory fish routinely monitored in Manitoba (CAMP 2014) and elsewhere in Canada 
(Depew et al. 2013). As a result, the Canadian Council of Ministers of the Environment has ceased the 
development of further tissue residue guidelines for the protection of wildlife consumers of aquatic biota 
(N. Burgess, pers. comm. 2015). Based on the above discussion, the tissue residue guideline of 
0.033 ppm methylmercury for the protection of wildlife consumers of aquatic biota was not considered for 
this assessment. 

In summary, for reasons outlined in this section, only the 0.5 ppm Health Canada standard for retail fish 
was used as a benchmark for the current assessment of fish mercury concentrations. 

5.5.1.4 Approach and Methods 
Unlike the situation for some of the other RCEA components (e.g., water quality), fish mercury was largely 
unaffected by analytical and other methodological issues over time and between studies. The analytical 
method of cold vapour flameless atomic absorption spectrophotometry of digested tissue samples used 
for the analysis of the earliest Manitoba samples (Bligh 1970; Hendzel and Jamieson 1976) is still in use 
today, along with other methods. Furthermore, concentrations of total mercury in fish are usually at a level 
that is considerably higher than the detection limit of the particular analytical device and method used, 
and (minor) changes in the sensitivity of the analytical methods over the period of record have generally 
not produced results below the limits of analytical detection. 

Although fish mercury was considered in terms of total concentrations in the trunk musculature, it should 
be noted that the DFO science program in 1978–1979 also analyzed some of the Lake Whitefish, 
Northern Pike, and Walleye for mercury in the liver. Furthermore, both muscle and liver of the above 
species were occasionally analyzed for methylmercury in addition to total mercury. The corresponding 
results do not affect the conclusions drawn in the present assessment, and only results of total mercury in 
muscle tissue will be reported here. 

Three important domestic and commercial fish species, Walleye, Northern Pike, and Lake Whitefish were 
the main focus of the fish mercury RSC. This was also because the historic record of fish mercury data 
extends the furthest for these species and sample sizes were generally the largest available. However, 
mercury concentrations exist for several other fish species in the ROI (Table 5.5.1-1) and some of these 
were included in the results when sufficient data were available. 
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Table 5.5.1-1: List of Fish Species with Information on Mercury Concentrations in the Region 
Of Interest for Years 1971–2014 

Species Scientific name St Lth Area 1 Area 2 Area 3 Area 4 Total 

Arctic Char Salvelinus alpinus - 0 0 1 0 1 
Brook Trout Salvelinus fontinalis - 0 1 0 0 1 

Burbot Lota lota 550 6 86 490 11 593 

Cisco Coregonus artedi 300 437 617 2,663 4 3,721 

Common Carp Cyprinus carpio - 1 0 0 0 1 

Emerald Shiner Notropis atherinoides 75 0 161 20 0 181 

Freshwater Drum Aplodinotus grunniens 400 6 12 0 0 18 

Goldeye Hiodon alosoides 300 28 18 3 11 60 

Lake Chub Couesius plumbeus 150 0 78 0 0 78 

Lake Sturgeon Acipenser fulvescens 1,000 13 83 1 44 141 

Lake Trout Salvelinus namaycush 550 0 0 15 7 22 

Lake Whitefish Coregonus clupeaformis 350 743 2,191 5,726 591 9,251 

Longnose Sucker Catostomus catostomus 400 5 421 854 64 1,344 

Mooneye Hiodon tergisus 250 33 374 58 0 465 

Northern Pike Esox lucius 550 4,423 3,895 7,995 932 17,245 

Rainbow Smelt Osmerus mordax 100 0 642 0 0 642 

Sauger Sander canadanse 300 250 744 302 0 1,296 

Shorthead 
Redhorse 

Moxostoma 
macrolepidotum 400 30 21 27 0 78 

Spottail Shiner Notropis hudsonius 75 0 165 26 0 191 

Trout Perch Percopsis omiscomycus 75 0 192 16 0 208 

Walleye Sander vitreus 400 3,994 3,541 7,768 680 15,983 

White Sucker Catostomus commersonii 400 276 522 632 12 1,442 

Yellow Perch Perca flavescens 100 164 244 285 40 733 

Total   10,409 14,008 26,882 2,396 53,695 

Note: The standard length (St Lth) for each species and the number of individual fish from survey samples in each area is given. 

Fish mercury data used for the current assessment were collected starting in 1969. At the time, all 
sampling was for fish from commercial catches with the intention to characterize the mean mercury 
concentration in the fish from a particular shipment to the marketing agency, the FFMC (also see 
Section 5.5.1.2). A commercial sample consists of the combined skinless fillets from a minimum of five 
fish and 15 pounds taken randomly from the shipment (McGregor 1980; DFO 1987). The fillets are then 
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homogenized (i.e., composited), analyzed in triplicate for total mercury, and the mean is reported as the 
sample concentration (hereafter referred to as “commercial composite” samples). In addition, commercial 
samples from a few selected lakes (e.g., Split and Southern Indian lakes, and several lakes in Area 1) 
were also used to analyze mercury in individual fish (hereafter referred to as “commercial individual” 
samples). According to McGregor (1980) this was done to estimate the “maximum allowable sizes of 
Northern Pike and Walleye” because commercial samples better represent mercury concentrations for 
normal size ranges of marketed fish than survey samples (see next paragraph). 

With the start of involvement of the DFO Science section at the Fresh Water Institute in northern 
Manitoba mercury research, (see Section 5.5.1.2) individual fish were systematically analyzed for mercury 
starting in 1978. The samples taken from survey samples were designed to estimate the average mercury 
concentration in a particular species from a lake (McGregor 1980). Thus, based on the source of the fish 
and the analytical procedure, three types of fish mercury concentrations existed during the earlier years 
(approximately up to 1980) of fish mercury monitoring and research in the ROI: commercial composite, 
commercial individual, and survey individual. For the current assessment, data from samples of individual 
fish were always used preferentially to data from composite samples. As much as can be deduced from 
the Manitoba Fish Mercury Database, common year data from survey samples and individual sampling of 
commercial catches exist only for SIL. In this case all data for individual fish were combined for analysis. 
It should be noted that some of the results for individual fish from commercial samples (including those 
previously published) are repeatedly biased towards larger fish. First, commercial fishers routinely select 
individuals that are larger than the average length of the adult population. For Northern Pike, this bias is 
further enhanced because Northern Pike were graded and packed by size at the lake of capture, and the 
larger size grades were sampled more frequently for mercury analysis even though these fish comprise a 
relative small portion of the commercial catch (DFO 1987). 

Regardless of the particular source of the individual fish data, to reduce the effect of fish size on mean 
mercury concentrations and to facilitate comparisons between lakes and years within a species, mean 
concentrations were standardized for fish length. The standard lengths chosen for each species are 
provided in Table 5.5.1-1 and are mostly those used in previous Manitoba fish monitoring programs 
(see summary in Jansen and Strange 2007a). These length standardized mean mercury concentrations 
are also referred to as standard means in the following. A detailed account of the field, laboratory, and 
statistical methods for recent collections of fish mercury data in the ROI is presented in CAMP (2014). 
The term significant(ly) was always used in a statistical sense. 

One avenue for assessing the effects of hydroelectric development on fish mercury concentrations was to 
evaluate its relationship with the amount of flooding experienced by a waterbody. The intensity of flooding 
has been shown to significantly affect post-impoundment fish mercury concentrations 
(Derksen and Green 1987; Bodaly et al. 2007) and has been used to predict fish mercury concentrations 
in newly created reservoirs (Johnston et al. 1991). The latter authors have used slightly different 
approaches in calculating the percentage of flooded area: Derksen and Green (1987) and Bodaly et al. 
(2007) used [Flooded area /Pre-flooded area] x 100, referred to as Flood-1(%); whereas, Johnston et al. 
(1991) used [Flooded area/Total (post-flooded) area] x 100, referred to as Flood-2(%). The current 
assessment used Flood-1(%) as an estimate of the intensity of flooding. The calculation of the percentage 
of flooding was based on recent estimates of the pre-flood and post-flood areas (see appendix 5.5.4C for 
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the lakes along the CRD diversion route in Area 3). The lake boundaries were selected specifically for the 
RCEA study on fish mercury and they may differ from boundaries used in previous studies 
(e.g., Newbury et al. 1984; Bodaly et al. 2007). 

The RCEA for fish mercury was based on the following approaches: 
• All available/accessible information from various sources (e.g., DFO, MCWS, Canadian Food 

Inspection Agency) on fish mercury and associated biological and geographical information in 
Manitoba was compiled into one database (including quality assurance). 

•  Re-analysis of most standard mean and arithmetic mean mercury concentrations for waterbodies in 
the ROI. This task involved reanalysis of many historical data that were analysed and presented in 
the literature previously and novel analyses for data not considered in previous publications. 

• Temporal comparisons of fish mercury concentrations within waterbodies to evaluate the timeline of 
the rise and fall of concentrations post-hydroelectric development and to assess, if possible, critical 
milestones, such as pre-hydroelectric concentrations and maximum and minimum concentrations 
post-hydroelectric development. 

• Spatial comparisons of fish mercury concentrations across sites to evaluate the effect of the amount 
of flooding on fish mercury concentrations and to look at the potential for downstream export of 
mercury between upstream and downstream sites on the same system, i.e., cumulative changes. 

• Inferential assessments of potential temporal patterns in fish mercury, particularly in regard to effects 
of hydroelectric development, based on information available from other waterbodies and considering 
linkages to physical effects (e.g., flooded area). 

• Comparison of historical and recent fish mercury data to benchmarks identified in Section 5.5.1.3.1. 

5.5.1.5 Data Limitations 
There are a number of limitations with fish mercury data that have affected the ability to conduct a more 
comprehensive analysis, or that have increased the uncertainty associated with analyses of fish mercury 
concentrations. Some of these limitations have been discussed in Sections 5.5.2.3, 5.5.3.4, 5.5.4.4, and 
5.5.5.5 and are summarized as follows:  

• The primary data limitation is the lack of suitable pre-development data on fish mercury 
concentrations for most waterbodies in the ROI.  

• The small amount of pre-hydroelectric development data that does exist is generally not directly 
comparable to most of the post-flooding data due to the sampling method and statistical treatment.  

• The lack of pre-development data for specific waterbodies and fish species can be partially 
compensated by using proxy data from other lakes in the ROI that have been impacted to a similar 
degree. However, this introduces additional uncertainty into comparisons of conditions before and 
post-hydroelectric development. 

• Generally, there exists an extensive body of information on fish mercury concentrations in all four ROI 
areas for years that follow hydroelectric development. However, almost no fish mercury data exist for 
some flooded sites such as the reservoirs of the Kelsey Generating Station (GS) and Jenpeg GS. 

• For most on-system waterbodies the sampling frequency, particularly in the first 5–8 years after 
development, is insufficient (> 2 year interval) to determine the exact year and the magnitude of the 
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maximum post-flood mercury concentration, and the time to reach a minimum post-flood 
concentrations or concentrations that are assumed to represent the current natural background. 
These uncertainties are less pronounced for some lakes and reservoirs (e.g., Southern Indian and 
Wuskwatim lakes, Limestone forebay) than for others (e.g., Sipiwesk, Cross, Notigi, Threepoint, and 
Stephens lake, Long Spruce forebay).  

• For some lakes with extensive records on fish mercury concentrations for the early years post-
development (e.g., Kiskittogisu Lake; Nelson River mouth) or thereafter, the number of fish per 
sample is small (< 10 fish) for most sample years. This results in highly variable (mostly arithmetic) 
means that do not provide adequate statistical comparisons, including analysis of temporal trends. 

• Because of the generally less extensive sampling for river sites compared to lake and reservoir 
locations, substantially less knowledge exists about fish mercury concentrations and the determining 
factors for fluvial systems compared to lacustrine systems.  

• The paucity of historic data from the Hayes River, which are mainly available since 2006, limits the 
ability to interpret changes in concentration of fish from the Nelson River. 

• The lack of fish mercury and hydrological data from off-system reference lakes limits the 
interpretation of fish mercury concentrations of on-system waterbodies in recent years. 

Despite these limitations, based on one of the most long-term (> 45 years) and extensive 
(> 53,000 records) fish mercury databases in existence, the current assessment provides a good general 
description of historic and existing conditions and an indication of likely long-term, marked effects of 
hydroelectric development. Intensive studies conducted in certain areas (e.g., MMMR, Limestone Aquatic 
Monitoring Program, environmental studies for the Keeyask Generation Project) have provided 
considerable information to assist in understanding the effects of development. The on-going CAMP is 
continuing to provide a long-term record of mercury concentrations in focal fish species based on a 
standard sampling methodology, which permits comparisons among on-system waterbodies, comparison 
to off-system reference waterbodies, and an analysis of change over time. 
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5.5.2 Area 1: Lake Winnipeg Outlet to Kelsey Generating 
Station 

Area 1 comprises the reach of the Nelson River from the outlet of Lake Winnipeg to the Kelsey GS 
(Map 5.5.2-1). The upper portion of Area 1 consists of the Outlet Lakes Area, including Playgreen Lake. 
The river flows via the east and west channels of the Nelson River to Cross Lake. Downstream of Cross 
Lake the river flows to Sipiwesk Lake and then to the Kelsey GS.  

Flooding due to hydroelectric development in Area 1 first occurred with the construction of the Kelsey GS 
at the Kelsey Rapids between 1957 and 1960. The generating station caused 63.5 sq mi (164 km2) of 
flooding (equivalent to approximately 27% flooding) up to and including Sipiwesk Lake in the northern part 
of Area 1. The area of Sipiwesk Lake increased by about 22% and the lake is one of the few Area 1 
waterbodies that experienced flooding of similar magnitude as some of the lakes on the CRD route 
(see Section 5.5.4.3 in Area 3).  

Impoundment upstream from the Jenpeg GS was completed in 1976 as part of LWR and flooded an area 
of approximately 17.6 sq mi (45.6 km2 ). Flooding was contained almost entirely to the west Nelson River 
from the outlets of Kiskittogisu Lake to Jenpeg GS, corresponding to almost 128% flooding. Except for the 
Jenpeg GS itself, the Lake Winnipeg Regulation (LWR)-induced changes in the hydrological regime of the 
upper Nelson River resulted in generally less and more localized inundation of soils and vegetation 
compared to the extensive flooding due to the CRD along a large section of the Rat/Burntwood River 
(see Section 5.5.4.3 in Area 3). 

5.5.2.1 Key Published Information 
Mercury concentrations in several fish species from primarily commercial catches from Area 1 
waterbodies between 1970–1972 were first compiled by Bligh (1970, 1971) and Derksen (1978a, b, 
1979). This included large samples of commercially caught fish from Cauchon, Cross, Drunken, Duck, 
Kiskitto, Kiskittogisu, and Sipiwesk lakes that were analyzed individually and not as composite samples of 
five fish. Individual sampling for mercury of commercial fish continued into the early 1980s for at least 
Sipiwesk Lake, providing a valuable data source not (or to a much lesser degree) available for the other 
three areas of the ROI. 

Mercury data from composite analyses of fish sampled commercially from upper Nelson River lakes 
through to 1985 was summarized as part of the Canada-Manitoba Agreement on the Study and 
Monitoring of Mercury in the Churchill River Diversion (DFO 1987; Rannie and Punter 1987; see Section 
5.5.1.2). As part of the Agreement, Green (1986) and Derksen and Green (1987) conducted a thorough 
analysis of the data on individual fish from commercial sampling conducted at Sipiwesk Lake from 
1972-1983. The monitoring of muscle mercury levels in fish sampled from Cross and Sipiwesk lakes was 
continued by Manitoba Natural Resources between 1986–1989 under the Ecological Monitoring program 
in response to a claim made under the NFA (Green 1990) and the results were included in subsequent 
summary reports (Ramsey 1991; Environment [EC] and DFO 1992). Fish mercury data for lakes 
harvested by NFA communities was compiled as part of the Federal Ecological Monitoring Program by 
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Baker and Davies (1991). In response to a claim made under the NFA, mercury concentrations in fish 
species targeted by the Norway House domestic fishery were measured from Playgreen and Little 
Playgreen lakes, and the Jack and Gunisao rivers in 1993 and 1994 (Davies et al. 1998).  

Fish mercury data from Cross Lake were collected in 1992, 1994, and 1996 in conjunction with the 
MMMR Program (see Section 5.5.1.2; Strange 1993, 1995; Strange and Bodaly 1997). The results for 
1992 and 1994 were also used for post-project monitoring of the Cross Lake weir (Kroeker and Bernhardt 
1993; Bernhardt and Schneider-Vieira 1994; Bernhardt 1995). Fish mercury data from Cross Lake 
collected in 2007 were reported by Jansen (2010) together with the time series of all mercury data 
available at the time.  

Fish mercury concentrations continue to be monitored in Area 1 at Sipiwesk, Cross, Playgreen, Little 
Playgreen, and Setting lakes on a three-year rotational basis under Manitoba/Manitoba Hydro’s CAMP 
and have been published for the 2010 collection year (CAMP 2014). 

A few studies have been undertaken to assess possible impacts of hydroelectric development on fish 
harvested by communities located along the upper Nelson River. Koshinsky (1973) noted that none of the 
seven lakes on the upper Nelson River included in the LWCNR Study Board report (Kiskitto, Kiskittogisu, 
Drunken, Cross, Duck, Sipiwesk, Cauchon) were closed to commercial fishing as a result of mercury 
contamination. However, as part of an impact assessment on effects to the town of Wabowden, MacKay 
et al. (1990) reported that mercury concentrations in excess of 0.5 ppm had resulted in the temporary 
closure of the Sipiwesk Lake fishery from 1970 to 1979. This has been supported by similar accounts in 
Ayles et al. (1974) and Derksen (1978b, 1979). MacKay et al. (1990) further state that other lakes in the 
area (not listed by name) often had restrictions regarding the species (pike and Walleye were often not 
accepted) or the size of fish accepted for marketing by the FFMC (e.g., Duck and Bruneau lakes). These 
authors also discuss possible causes of high mercury concentrations in fish from the upper Nelson River.  

Fish mercury data from Sipiwesk Lake was used to test predictive models relating reservoir flooding to 
fish mercury concentrations (Johnston et al. 1991) and as part of an analysis of post impoundment trends 
in fish mercury concentrations in boreal Manitoba reservoirs (Bodaly et al. 2007). 

5.5.2.2 New Information and/or Re-analysis of Existing Information 
The current assessment is based on the updated analysis of all fish mercury data available for Area 1 
from 1970 to 2014. Mercury concentrations for more than 10,000 fish of 15 species have been collected 
in Area 1 (Table 5.5.1-1), representing approximately 20% of all mercury data for individual fish in the 
ROI. In addition, 740 analyses for composite, commercial fish samples exist for Area 1 mainly in years 
without survey samples. These commercial data were used when no results based on individual fish were 
available. In these cases, some of the published yearly means were recalculated for years with multiple 
composite samples that were only reported separately. More than 92% of all individual mercury data in 
Area 1 are for Cisco, Lake Whitefish, Northern Pike, and Walleye, and more than 80% are just for 
Northern Pike and Walleye. All of the lakes sampled for fish mercury in Area 1 are shown on Map 5.5.2-1. 
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Six lakes were selected as focal lakes for detailed presentation in the following discussion. These lakes 
were selected because they experienced flooding (e.g., Sipiwesk Lake) or other hydrological changes 
related to hydroelectric development, and had fish mercury data with relatively good sample sizes and 
collection frequency to allow conclusions on the evolution of fish mercury concentrations over some time 
period. The Jenpeg forebay was not included as a focal lake because fish mercury concentrations exist 
only for two small samples of large Northern Pike (fork length = 738 mm; standard mean of 0.35 ppm) 
and Walleye (fork length = 513 mm; arithmetic mean of 0.62 ppm) for 1989. Setting Lake was included as 
a focal lake because it is off-system and serves as the CAMP reference lake for the upper Nelson River 
Region. Cross Lake (one of the focal lakes) is the only Area 1 waterbody for which fish mercury data were 
systematically collected from two lake basins, allowing for the analysis of inter-basin differences in fish 
mercury concentrations.  

5.5.2.3 Changes in Mercury Concentrations over Time 
This section will provide a detailed description of the time series of fish mercury observed for each focal 
lake. Subsequent sections will compare mercury concentrations to standards and guidelines and discuss 
the evolution of fish mercury concentrations in Area 1 with respect to the LWR. 

5.5.2.3.1 Playgreen Lake 

Playgreen Lake experienced no inundation due to LWR. Although mercury concentrations in Northern 
Pike and Walleye were recorded in four years between 1978 and 1986, only the samples for 1981 
(which also included whitefish) had fish numbers deemed sufficient by monitoring standards first 
established during the MMMR program. Considering only standard means (which were all based on 
relatively large fish sample sizes), mercury concentrations in Northern Pike and Walleye have been fairly 
stable over the past 31 years, ranging from 0.17 to 0.22 ppm and from 0.14 to 0.19 ppm, respectively 
(Figure 5.5.2-1). Despite this relative consistency, significant between-year differences in concentrations 
existed for both species: the minimum concentration of Northern Pike recorded in 1994 was significantly 
lower than the means for 1981 and 2010; the identical minimum concentrations of Walleye for 1994 and 
2012 were significantly lower than the mean for 1981. 

For all sampling years, including those with small sample sizes, mean mercury concentrations in Northern 
Pike were between 9 and 38% (average: 21%) higher than those of Walleye (Figure 5.5.2-1). Mercury 
concentrations of whitefish were consistently low and statistically similar at approximately 0.02 ppm for 
the four sampling years spanning a 31 year period (Figure 5.5.2-1). 
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An asterisk indicates that the relationship between fish length and mercury concentration was not significant and the arithmetic 
mean was used, n represents sample size. The upper limit of the mercury scale represents the 0.5 ppm Health Canada standard for 
retail fish. 

Figure 5.5.2-1: Mean Length (95% Confidence Limits)Standardized Muscle Mercury 
Concentrations of Northern Pike, Walleye, and Lake Whitefish From Playgreen 
Lake for 1978–2012 

5.5.2.3.2 Little Playgreen Lake 

Little Playgreen Lake experienced no impoundment due to LWR. With only four samples between 1981 
and 2013, Little Playgreen Lake has the least complete record of fish mercury concentrations of all focal 
lakes in Area 1. Concentrations in Northern Pike ranged from 0.20 to 0.30 ppm and were significantly 
lower in 2013 compared to 1981 and 1994 (Figure 5.5.2-2). Mercury levels in Walleye have been similar 
over the entire record, ranging from 0.21 to 0.24 ppm. For Whitefish, mercury concentrations have 
fluctuated considerably. However, this may largely be an effect of sample size, as arithmetic means 
based on small samples (of large fish) had the higher concentrations (significantly for 1993) compared to 
standard means based on larger samples (Figure 5.5.2-2). 
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An asterisk indicates that the relationship between fish length and mercury concentration was not significant and the arithmetic 
mean was used, n represents sample size. The upper limit of the mercury scale represents the 0.5 ppm Health Canada standard for 
retail fish. 

Figure 5.5.2-2: Mean (95 % Confidence Limits) Length Standardized Muscle Mercury 
Concentrations of Northern Pike, Walleye, and Lake Whitefish From Little 
Playgreen Lake for 1981–2013 

5.5.2.3.3 Kiskittogisu Lake 

LWR flooded an area of approximately 17.6 sq mi (45.6 km2 ). The majority of this flooding is located in 
the Nelson River upstream from Jenpeg but a small portion of this flooding occurred in Kiskittogisu Lake. 
Kiskittogisu Lake is one of the few waterbodies on the upper Nelson River for which fish mercury data 
exist that pre-date hydrological changes as a result of LWR. The potential effects of LWR on fish mercury 
concentrations will be discussed in Section 5.5.2.3.2 for all waterbodies with available data. 

Mercury concentrations of Northern Pike and Walleye were 0.34 and 0.25 ppm, respectively, when first 
measured with samples of more than 85 fish in 1971 (Figure 5.5.2-3). Sample size for the two predatory 
species was much reduced to a maximum of 13 fish for all following years until 1998 after which sampling 
was discontinued altogether. Whitefish from Kiskittogisu Lake were never analyzed for mercury. All data 
for Northern Pike and Walleye post-1971 reflect arithmetic means as the relationship between mercury 
concentration and fish length was not significant. 



REGIONAL CUMULATIVE EFFECTS ASSESSMENT – PHASE II 
WATER – MERCURY IN FISH 

DECEMBER 2015 5.5-19 

Kiskittogisu Lake

Year
1970

1975
1980

1985
1990

1995
2000

2005
2010

2015

M
us

cl
e 

m
er

cu
ry

  (
pp

m
)

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

Pike
Walleye

n=6

n=5
n=7

n=6

n=6

*

*
*

*

*

LWR

*

*

*

*

*

*

*

*

*

n=6

n=5

n=5

n=5

n=5

n=5 n=5

n=5

n=5

*

*

*

*

n=5

An asterisk indicates that the relationship between fish length and mercury concentration was not significant and the arithmetic 
mean was used, n represents sample size. The stippled line indicates the 0.5 ppm Health Canada standard for retail fish. 

Figure 5.5.2-3: Mean (95% Confidence Limits) Length Standardized Muscle Mercury 
Concentrations of Northern Pike, Walleye, and Lake Whitefish From 
Kiskittogisu Lake for 1978–2012  

Although mercury concentration in Northern Pike and Walleye increased from 1971 to 1978 and remained 
higher for a few years thereafter, particularly in Northern Pike, these differences were not significant 
(except for Walleye in 1971 and 1978), Therefore, these result provide only tentative evidence for an 
increase in fish mercury concentrations as a result of LWR. 

A general downward trend in mercury concentrations of both Northern Pike and Walleye existed from 
1978 to 1998 (Figure 5.5.2-3). However, due to the often large variability associated with the arithmetic 
means for those years, few significant between-year differences existed. Only concentrations in Walleye 
from 1990 onwards were significantly lower than those recorded between 1978 and 1981. Because of the 
generally small sample sizes for both species and the sometimes large differences in mean fish length 
between samples that indicate a significant difference in arithmetic mercury concentration, it remains 
questionable if the observed decline in concentrations adequately reflects mercury concentrations in the 
Northern Pike and Walleye populations of Kiskittogisu Lake or if it is a sampling artifact. 

Considering the entire available record, mercury concentrations in pike were always higher than those in 
Walleye, except for 1988 (Figure 5.5.2-3). 
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5.5.2.3.4 Cross Lake  

Cross Lake experienced no impoundment due to LWR. Cross Lake is also one of the few waterbodies on 
the upper Nelson River for which fish mercury data exist that pre-date hydrological changes as a result of 
LWR. The potential effects of LWR on fish mercury concentrations will be discussed for all Area 1 
waterbodies in Section 5.5.2.3.2. 

Large samples of approximately 100 pike and Walleye each taken at Cross Lake in 1971 resulted in 
mean mercury concentrations of 0.28 ppm in Walleye and 0.40 ppm in pike (Figure 5.5.2-4). Disregarding 
the highly variable results based on 5–6 fish between 1978 and 1982, concentrations of the two predatory 
species measured between 1987 and 1996 were generally similar, if not slightly lower in pike and slightly 
higher in Walleye compared to those obtained in 1971. Thereafter, means declined to reach minimum 
concentrations of 0.16 ppm for pike in 2007 and 0.15 ppm for Walleye in 2010. Concentrations have since 
increased in pike (2007–2013) and Walleye (2010–2013), but only significantly so in pike.  

The time lines of mercury concentrations for pike and Walleye discussed so far apply to comparisons for 
data obtained for the entire lake (sampling locations unknown for 1971–1982) or the west basin of Cross 
Lake (1987–2013). In addition, mercury concentrations for the two predatory species are also available 
from the east basin of the lake for the six sampling years between 1987 and 2007. These data indicate 
that concentrations often significantly differed between the two basins and that the differences were more 
pronounced for pike than for Walleye. Concentrations in pike significantly differed between the basins for 
all years available for comparison: higher in the West basin between 1987 and 1996 and lower in 2007 
(Figure 5.5.2-4). Inter-basin differences in mercury concentrations for Walleye were only significant in 
1987, 1988, and 1994 when concentrations in fish from the West basin were higher. As a consequence of 
these interspecific differences, mercury concentrations further differed between the basins of Cross Lake 
in that concentrations in the east basin were often higher in Walleye than in pike, whereas the reverse 
pattern existed in the west basin (Figure 5.5.2-4). 

Mercury concentrations in whitefish from the entire lake or the west basin ranged from 0.036 to 
0.057 ppm, with the means for 1992 and 1996 being significantly lower than those for 1987 and 1988 
(Figure 5.5.2-4). Similar to pike and Walleye, whitefish from the east basin had generally lower 
concentrations than their conspecifics from the west basin, but only the difference for 1988 was 
significant. 
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An asterisk indicates that the relationship between fish length and mercury concentration was not significant and the arithmetic 
mean was used. A number denotes an CL not shown as a bar, n represents sample size. The stippled line indicates the 0.5 ppm 
Health Canada standard for retail fish. Data are for fish sampled in both basins (1971-1982) or the west basin only; data for the east 
basin only are shown as separate plots. 

Figure 5.5.2-4: Mean (95% Confidence Limits [CL]) Length Standardized Muscle Mercury 
Concentrations of Northern Pike, Walleye, and Lake Whitefish From Cross Lake 
for 1971–2014 

5.5.2.3.5 Sipiwesk Lake 

As discussed at the beginning of Section 5.5.2, Sipiwesk Lake was flooded by approximately 22% of its 
original area as a result of the Kelsey GS construction. An assessment of the effects of flooding caused 
by the Kelsey GS on fish mercury concentrations is provided in Section 5.5.2.3.2. 

Mercury concentrations of pike and Walleye were close to 0.9 ppm when first measured with 12–15 
commercial samples in 1970 (Figure 5.5.2-5; also see DFO 1987). Mean concentrations based on 
individual Walleye ranged from 0.57 to 0.89 ppm between 1972 and 1983 and fluctuatied widely. Means 
for individual pike were slightly more stable, ranging from 0.55 to 0.72 ppm between 1972 and 1982 
(Figure 5.5.2-5). Concentrations observed in both these predatory species continued to fluctuate 
considerably over the next approximately 12 years until 1996, likely related to often small (5–6 fish) 
sample sizes, but tended to be lower when compared to the first 12–13 years of record. No further data 
are available until 2011, when both pike and Walleye had concentrations of close to 0.25 ppm 
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(Figure 5.5.2.-5). In 2014, mercury levels increased in pike and decreased in Walleye, however the 
difference to 2011 was not significant for both species. 
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Means without CL prior to 1980 are from commercial samples. An asterisk indicates that the relationship between fish length and 
mercury concentration was not significant and the arithmetic mean was used. A number denotes an upper CL not shown as a bar, n 
represents sample size. The stippled line indicates the 0.5 ppm Health Canada standard for retail fish. 

Figure 5.5.2-5: Mean (95% Confidence Limits [CL]) Length Standardized Muscle Mercury 
Concentrations of Northern Pike, Walleye, Lake Whitefish, and Sauger From 
Sipiwesk Lake for 1970–2014 

Sipiwesk Lake is the only waterbody in Area 1 with multiple years of length standardized mean mercury 
concentrations for Sauger, another predatory species. Including the arithmetic mean based on eight 
relatively small (mean fork length: 242 mm) fish for 1986, concentrations in Sauger were quite similar to 
those of pike and Walleye for the time period of common record between 1983 and 1989. 

Only five yearly samples are available for Lake Whitefish for the period 1970–1989. The three commercial 
samples for 1970 with a mean concentration of 0.17 ppm suggest that mercury levels were highest when 
first sampled. Concentrations measured between 1983 and 1989 for individual fish were lower 
(0.04-0.08 ppm) compared to 1970 and were not significantly different from each other (Figure 5.5.2.-5). 
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5.5.2.3.6 Setting Lake 

Mercury concentrations of pike from Setting Lake, the off-system reference lake for the upper Nelson 
River Region of CAMP (CAMP 2014), were relatively high (0.79 and 0.50 ppm) for two of the earlier 
samples with small numbers of fish and for which only arithmetic means are available (Figure 5.5.2-6). 
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An asterisk indicates that the relationship between fish length and mercury concentration was not significant and the arithmetic 
mean was used. A number denotes an upper CL not shown as a bar, n represents sample size. The stippled line indicates the 
0.5 ppm Health Canada standard for retail fish.  

Figure 5.5.2-6: Mean (95% Confidence Limits) Length Standardized Muscle Mercury 
Concentrations of Northern Pike, Walleye, and Lake Whitefish From Setting 
Lake for 1978–2013 

In particular, the sample for 1979 was comprised of very large fish (mean fork length = 710 mm), 
contributing to the high mercury concentrations. Concentrations from 1990 onwards were statistically 
similar, ranging from 0.28 to 0.39 ppm. Mercury concentrations in Walleye were generally similar at 
0.18-0.29 ppm (Figure 5.5.2-6). 

For the entire record, and including those years with small sample sizes, mean mercury concentrations in 
pike were often substantially higher than those in Walleye (Figure 5.5.2-6). Mercury concentrations in 
whitefish were consistently low at 0.025 ppm for the two available recent samples (Figure 5.5.2-6; also 
see Table 5.5.4-3). 
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5.5.2.4 Cumulative Effects of Hydroelectric Development on Fish 
Mercury Concentrations in Area 1 

5.5.2.4.1 Comparison to Benchmarks 

With the exception of Sipiwesk (Figure 5.5.2-5) and Drunken (Table 5.5.2-1) lakes, mean mercury 
concentrations based on individual pike and Walleye, but also other predatory species, such as Sauger 
from Area 1 waterbodies have generally remained below the Health Canada standard of 0.5 ppm for the 
commercial sale of fish (e.g., Figures 5.5.2-1 to 5.5.2-4). Standard and arithmetic means of pike and 
Walleye from Sipiwesk Lake remained well above 0.5 ppm between 1970 and 1983, reaching maximum 
values of 0.72 ppm and 0.89 ppm, respectively (Figure 5.5.2-5). These concentrations also correspond 
reasonably well to those obtained from commercial samples for 1970–1979 (Table 5.5.2-2). The relatively 
high mercury concentrations in predatory species from Sipiwesk Lake can be explained by the flooding of 
the lake due to the construction of the Kelsey GS (see Section 5.5.2.3.2). Standard or arithmetic means 
have since been declining, and have mainly remained below 0.5 ppm since 1990 except for two small 
samples of pike in 1991 and 1994 (Figure 5.5.2-5). 

Although highly variable and mostly for samples with small numbers of fish, mercury concentrations of 
pike and Walleye from Drunken Lake based on survey samples from 1972–1986 were often well above 
the 0.5 ppm standard for retail fish, with maxima of 1.12 ppm and 0.92 ppm, respectively (Table 5.5.2-1, 
the maximum for Walleye is for 1976). More recent data are not available from Drunken Lake. These 
concentrations also correspond reasonably well to the means from commercial sampling (Table 5.5.2-2). 

According to Derksen (1978b; report written in 1974) commercial fishing at Sipiwesk Lake “has been 
prohibited since July 1970” based on mercury concentrations from composite samples 
(also see Table 5.5.2-2). The same author further noted that an “exceptionally high level of (fish) mercury 
concentration has been observed in Cauchon Lake” (which is not reflected in the data presented in 
Tables 5.5.2-1 and 5.5.2-2) and that Drunken Lake contains pike and Walleye with high concentrations. 
Drunken Lake had a small (3%) proportion of the pike catch rejected in 1981 and, in addition to 1% of the 
Walleye catch in 1981, between 1-19% of the landed weight of pike from Sipiwesk Lake was rejected 
between 1978 and 1984 (DFO 1987). Almost 20% of the pike from Kiskitto Lake were rejected for the 
same reason in 1978 (DFO 1987).  
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Table 5.5.2-1: Standard Mean Mercury Concentrations, Parts-per-Million, for Northern Pike 
and Walleye from Area 1 On-System Lakes with Data that Pre-Date Lake 
Winnipeg Regulation (1973–1976) 

Lake1 
Pre LWR Post LWR 

Significant 
1971 1972 1975 1978 1979 1985–93 

Northern Pike 
Cauchon 0.444 - - 0.522 2 0.490 2 0.221 Yes 

Cross 0.396 - - 0.327 2 - 3 0.358 No 

Drunken - 0.509 0.312 0.744 1.119 2 0.551 2 Yes 

Duck 0.400 - - - - 0.357 No 

Kiskitto 0.258 - - 0.315 0.298 0.311 No 

Kiskittogisu 0.341 - - 0.460 2 0.424 2 0.320 2 No 

Walleye 

Cauchon 0.438 - - 0.430 2 - 0.203 Yes 

Cross 0.235 - - 0.354 2 0.332 2  0.325 No 

Drunken 4 - 0.300 0.756 2 0.842 2 0.607 2 0.806 Yes 

Duck 0.593 - - - - 0.354 Yes 

Kiskitto 0.306 - - 0.336 0.550 2  0.338 2 Yes 

Kiskittogisu 0.248 - - 0.420 2 0.352 2 0.241 2 Yes 
Note: Not all years with data for each lake are shown (i.e., Drunken Lake 1976); data for years 1985–1993 were combined to 

achieve larger sample sizes. A significant difference between years pre- (1971 and 1972) and post-LWR is indicated. 
LWR – Lake Winnipeg Regulation. 

1.  Sipiwesk Lake was excluded because of the flooding due to the Kelsey GS that pre-dated LWR. 
2.  Arithmetic mean (the relationship between fish length and mercury concentration was not significant). 
3.  The arithmetic mean of 0.70 ppm for five very large pike (mean length of 776 mm) was excluded. 
4.  In addition, a standard mean on 0.919 ppm exists for a sample of 60 Walleye in 1976. 

It should be noted that decisions made in the 1970s not to accept fish of certain species and sizes for 
marketing (and thereby effectively closing or partially closing the fishery) were made by the FFMC based 
on mercury data from composite samples of commercial catches provided by the DFO Inspections 
Branch (see Table 5.5.2-2). Unlike for Sipiwesk and Drunken lakes (see above), these results sometimes 
differed substantially from those obtained from survey samples, mainly because fish from commercial 
sampling were generally much larger. Although available, results from survey samples were not 
considered by the Inspections Branch. Therefore, the data presented in Section 5.5.2.2 (and the 
corresponding Sections in areas 2–4) are not always an indicator of whether fish were deemed 
acceptable for human consumption at the time, and certain species from some lakes could not be 
marketed for some time although survey samples based on large numbers of fish indicated their mean 
mercury concentration was well below the 0.5 ppm standard. Furthermore, according to a list published 
on page 21 in Derksen (1979), predatory species (mainly pike, Walleye, and Sauger) from some Area 1 
lakes (e.g., Cross, Kiskittogisu, Pipestone) could not be marketed at times even if there was no clear 
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indication that average mercury concentrations based on composite commercial samples were above the 
0.5 ppm standard (Derksen 1979; also see Table 5.5.2-2). 

Table 5.5.2-2: Mean Mercury Concentrations, Parts-per-Million, from Commercial Samples of 
Northern Pike and Walleye from Selected Area 1 Lakes for Years 1970–1979 

Lake 1970 1971–1972 1975 1978 1979 

Northern Pike 

Cauchon 1 0.60 (1; -) 0.61 (61; 0.22-1.14) - - - 

Cross 1 0.41 (4; 0.19-0.59) 2 0.38 (8; ?-?) 2.4 - - - 

Drunken1 0.66 (1; -) 0.60 (5; 0.38-0.66) 0.37 (12; 0.17-0.58) 0.77 (1; -) 3 1.20 (2; 1.13-1.28) 

Duck1 0.47 (9; 0.25-0.85) >0.71 (3; ?-1.04) 4 - - - 

Kiskitto 1 0.57 (4; 0.30-0.75) 0.55 (19; 0.29-0.92) - - - 

Kiskittogisu 1 0.40 (18; 0.24-0.56) - - - - 

Pipestone 1 0.51 (1; -) 0.15 (1; -) - - - 

Playgreen 0.35 (13; 0.23-0.47) 2 0.32 (3; 0.21-?) 2,4 - - - 

Sipiwesk 0.88 (14; 0.42-1.71) 0.82 (1: -) 1.03 (12; 0.39-1.50) 0.67 (4; 0.60-0.71) 1.06 (6; 0.66-1.58) 

Walleye 

Cauchon 1 - 0.43 (67; 0.18-0.89) - - - 

Cross 1 0.37 (17; 0.17-0.49) 0.34 (9; ?-?) 2, 4 - - - 

Drunken1 0.65 (1; -) 0.47 (5; 0.28-0.65) 0.80 (9; 0.64-0.94) 1.15 (1; -) 3 0.57 (1; -) 

Duck 1 0.46 (9; 0.19-0.64) >0.55 (4; ?-0.76) 3 - - - 

Kiskitto 1 0.30 (3; 0.39-0 47) 0.35 (6; 0.28-?) 4 - - - 

Kiskittogisu 1 0.36 (21; 0.19-0.68) - - - - 

Pipestone 1 0.35 (2; 0.28-0.41) 2 0.24 (1; -) 2 - - - 

Playgreen 0.27 (9; 0.16-0.39) 2 0.18 (14; 0.08-?) 2,4 - - - 

Sipiwesk 0.87 (13; 0.69-1.00) - 0.74 (18; 0.49-0.92) 0.63 (1; -) 0.78 (9; 0.24-1.10) 

Note: Data from Derksen (1979) for 1970, Derksen (1978b) for 1971-72, and DFO (1987) for other years; number of composite 
samples and the range of concentrations is given in brackets. 

1.  Included in list of ‘all predatory species being detained’ in Derksen (1979). 
2.  Recalculated from data provided in Derksen 1978b and 1979. 
3.  Data for 1977. 
4.  Cannot be determined from the data provided in Derksen 1978b and 1979 (indicated with a “?”). 

Fishery closures in Area 1 in the 1970s did not only include on-system lakes, but also at least one off-
system lake. Fish from Hill Lake, located more than 33 km southwest of Drunken Lake on the Minago 
River have been reported with mercury concentrations of above 0.5 ppm (also see Section 5.5.1), and the 
FFMC refused to purchase fish taken from the lake starting in September 1977 (Sopuck 1977). Pike from 
one commercial sample in 1971 had a concentration of 0.8 ppm (Derksen 1978b) and four commercial 
samples each of pike and Walleye in 1977 had concentrations of 1.2 ppm (recalculated from Rannie and 
Punter 1987). It is not known how long the fishery closure on Hill Lake lasted. Survey samples taken at 
Hill Lake in 1993 indicate that arithmetic mercury concentrations for small (n = 5) samples of large pike 
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(mean fork length = 730 mm), Walleye (528 mm), and Goldeye (367 mm) were still relatively high at 0.90, 
1.03, and 0.50 pppm, respectively. 

Relatively few data exist on mercury concentrations of non-piscivorous species from Area 1. These are 
mainly for Lake Whitefish and indicate that concentrations are all well below the standard for retail fish 
and mostly below 0.1 ppm (Molson Lake in 1981 and Figures 5.5.2-1, 5.5.2-4, and 5.5.2-6). Several large 
samples (24–102 fish) are also available for White Sucker, another species occasionally consumed 
domestically. These fish were collected in 1981 or 1983 (Sipiwesk Lake only) and show that at that time 
standard means in fish from Molson (0.019 ppm), Guisano (0.050 ppm), Playgreen (0.050 ppm), Little 
Playgreen (0.073 ppm), Sipiwesk (0.101 ppm), and Pipestone (0.104 ppm) lakes were low, similar to 
whitefish. 

Very little information exists on mercury concentrations of Lake Sturgeon in Area 1 over the past 
50 years, particularly for years predating LWR. A notable exception is the seven composite samples of 
commercially caught sturgeon from Playgreen Lake in 1970. These indicate a mean mercury 
concentration of 0.18 ppm with a range of 0.07–0.48 ppm (Derksen 1979). No length information is 
available for these fish. Accidental mortalities of sturgeon during CAMP sampling have been analyzed for 
mercury since 2012. Data for the 13 sturgeon that have been collected from Area 1 in 2013 and 2014, 
specifically from the mainstem of the Nelson River near Sea Falls, show that small (total length range: 
97–760 mm) sturgeon have low mercury concentrations of 0.01–0.1 ppm (CAMP, unpubl. data). 
However, as indicated by results from Areas 2 and 4, concentrations in larger (> 1,000 mm) sturgeon can 
be substantially higher, with some individuals exceeding the 0.5 ppm standard for human consumption 
(see Sections 5.5.3.4.1 and 5.5.5.5.1). 

5.5.2.4.2 Evolution of Fish Mercury Concentrations in Relation to 
Hydroelectric Development 

KELSEY GENERATING STATION 

Fish mercury data from the Kelsey forebay are available for only a single commercial sample of Walleye 
(0.14 ppm) for 1970 (Derksen 1978a) and Sipiwesk Lake represents the only waterbody with substantial 
information on fish mercury within the zone of flooding created by the Kelsey GS.  

Mean mercury concentrations in Walleye from Sipiwesk Lake were between 0.8–0.9 ppm when first 
measured in fish from commercial catches and lake surveys 9 and 11 years, respectively, after the 
completion of the Kelsey GS in 1961. Concentrations in pike were similar compared to Walleye for 
commercial samples but lower (~0.6 ppm) for survey samples. Northern Pike and Walleye in newly 
flooded reservoirs in the ROI typically reach maximum mercury concentrations 3–9 years post-flooding 
(Table 5.5.4-3 in Area 3). Therefore, mercury concentrations in pike and Walleye from Sipiwesk Lake are 
expected to have been substantially higher than when first measured, probably well above 1.0 ppm. 

Unlike most other reservoirs in the ROI for which concentrations often decline rapidly during the first few 
years after peaking (see Bodaly et al. 2007), standard or arithmetic means in both these piscivorous 
species from Sipiwesk Lake seem to have declined more slowly. Although data are not available for the 
first few years after maximum concentrations are expected to have been reached (assuming a 3–9 year 
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time window), concentrations remained fairly close to 0.6 ppm until 1989 (i.e., potentially 20–25 years 
after peaking) with only one (Walleye) and three (pike) means that were substantially lower 
(Figure 5.5.2-5). Since 1989, average concentrations have almost halved in both species. Despite the 
above deviations from the typical time-line of post-impact fish mercury concentrations (see Figure 
5.5.4-11), the high concentrations in pike and Walleye throughout the 1970s and early 1980s and the 
subsequent pattern of decline strongly suggest that flooding from the Kelsey GS is the cause of increased 
mercury bioaccumulation by fish from Sipiwesk Lake. MacKay et al. (1990) previously concluded that the 
increased mercury concentrations in Sipiwesk Lake were caused by a combination of high natural levels 
(according to Derksen 1978b) and flooding due to the construction of the Kelsey GS. The authors further 
assumed that fish migration out of Sipiwesk Lake caused the “high” mercury concentrations of fish in 
Duck Lake (which was not flooded by Kelsey GS, but had mercury concentrations in pike and Walleye 
from commercial sampling in 1971/72 of more than 0.5 ppm, Table 5.5.2-2). 

Currently, concentrations in pike and Walleye from Sipiwesk Lake are similarly low to most other lakes in 
Area 1, including the off-system reference lake (Setting). They are also not significantly different from the 
mean concentration for all four off-system CAMP reference lakes within the ROI (Table 5.5.4-2 in Area 3), 
and thus fall within the regional background levels of fish mercury 

LAKE WINNIPEG REGULATION 

Complete time-lines of all available mercury concentrations in Northern Pike, Walleye, and Lake Whitefish 
have been presented for the five focal lakes located within Area 1 in Section 5.5.2.3. While partially 
repetitive in terms of data presentation, the current section focuses on the evaluation of potential effects 
of LWR on fish mercury concentration in the entire Area 1 based on data collected in years that pre-date, 
coincide, or closely follow the implementation of LWR in 1970–1976. Due to the generally small sample 
sizes for fish collections from 1978–1993 and the common lack of data for many lakes beginning in 1982, 
data from several sampling years were combined for the years between 1985 and 1993 in an effort to 
achieve a more accurate representation of the mean mercury concentration of fish populations during that 
time period. Nevertheless, small sample sizes and non-significant relationships between mercury 
concentration and fish length (i.e., the lack of standard means) combined with substantially different fish 
lengths among samples complicated comparisons between the available mean concentrations. 

Fish mercury concentrations for years that precede and follow LWR are available for Northern Pike and 
Walleye from six lakes in Area 1 (Table 5.5.2-1). With the exception of pike from Drunken Lake with a 
sample size of 18 fish, all other mercury samples for the years 1971 and 1972 comprise between 63 and 
105 fish, resulting in standard means with relatively small confidence limits (e.g., Figures 5.5.2-3 and 
5.5.2-4). Standard means for pre-LWR years ranged from 0.26 to 0.51 ppm in pike and 0.24 to 0.59 ppm 
in Walleye across the six lakes (Table 5.5.2-1), and significant between-lake differences in mercury 
concentrations exist for both species for pre- (i.e., 1971) and post- LWR years.  

Significant differences in mercury concentrations across time including between pre-LWR and post-LWR 
years also exist for several lakes, but have to be interpreted with caution because of the issues related to 
sample size and fish length mentioned previously. For example, the significantly higher mercury 
concentrations found in Walleye from Kiskittogisu Lake in 1978 compared to 1971 can be largely 
attributed to the small sample size (n = 6) of mostly large (458 mm) fish in 1978. Although similar in mean 
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length (403 mm) to the standard length of the species, the only seven Walleye analyzed for mercury from 
Kiskitto Lake in 1979 may not have adequately represented the average concentration of the population 
in that year. This is suggested by the other two available yearly means for post-LWR mercury 
concentrations of Walleye from Kiskitto Lake which were based on larger sample sizes and were 
statistically similar to the mean for 1971. This is also the case for the means for Walleye from Kiskittogisu 
Lake in 1979 and 1985–1993 compared to 1971 (Table 5.5.2-1).  

The remaining significant differences in mercury concentrations between pre-LWR and post-LWR years 
were for fish from Drunken, Cauchon, and Duck (Walleye only) lakes. For the latter two lakes, pike from 
Cauchon Lake and Walleye from Cauchon and Duck lakes had significantly lower standard means for the 
period 1985–1993 than in 1971 (Table 5.5.2-2). Conversely, the standard mean for pike from Drunken 
Lake in 1978 was significantly higher than the standard means in 1972 and 1975 (Table 5.5.2-1). 
Similarly, the standard mean for Walleye in 1985–1993 was significantly higher than the mean for 1972. 
Furthermore, the arithmetic means of Walleye in 1978 and 1979 were similarly high than the standard 
mean in 1985–1993 (Table 5.5.2-1). Although the two types of means are not directly comparable, in this 
case the arithmetic means provide supporting evidence because the Walleye sampled for mercury in 
1978 and 1979 were of similar size than the standard length of the species. 

Thus, out of the six lakes with suitable data to make such a comparison, only Drunken Lake, as 
supported by results from both commercial and survey sampling (Tables 5.5.2-1 and 5.5.2-2), indicates a 
consistent (and significant for standard means) increase between pre- and post-LWR fish mercury 
concentrations. The reason why pike and Walleye from Drunken Lake don’t follow the general pattern of 
relative similarity (or even post-LWR decline) in mercury concentrations observed in all other lakes with 
suitable data prior to and after the implementation of LWR is unknown. 

Drunken Lake has not been specifically mentioned in previous assessments of the effects of LWR on fish 
mercury concentrations. These concluded that LWR did not generally result in elevated mercury 
concentrations in fish (MacKay et al. 1990; Baker and Davies 1991). The current assessment supports 
these conclusions, with the exeption of waterbodies that are known to have been flooded, particularly the 
Jenpeg forebay and connected areas upstream. The only fish mercury concentrations available from the 
Jenpeg forebay are for two small samples of six very large pike (738 mm fork length) and Walleye 
(513 mm) each collected in 1989 (i.e., 10 years after the start of operation). At 0.85 ppm for pike and 
0.62 ppm for Walleye the concentrations are relatively high, but due to the lack of standard means and/or 
comparable data from other years it is difficult to place these concentrations into a LWR perspective.  

DOWNSTREAM EFFECTS OF HYDROELECTRIC DEVELOPMENT ON FISH MERCURY 
CONCENTRATIONS IN AREA 1 

Based on Area 1 lakes with fish mercury data from times prior to and post implementation of LWR, effects 
related to the downstream transport of mercury are not evident. Increases in fish mercury concentrations 
were only observed in those lakes that were actually flooded to some degree within the area affected by 
LWR (e.g., Kiskittogisu), but not in any waterbodies that were not (e.g., Playgreen, Cross). 
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5.5.3 Area 2: Kelsey Generating Station to the Nelson 
River Estuary 

The lower Nelson River has experienced substantial hydroelectric development over the last 55 years 
including the hydrological changes caused by the Churchill River Diversion (CRD; see Section 5.5.4, 
Area 3). However, unlike CRD, which caused substantial flooding and/or higher flows in SIL and along the 
entire Rat-Burntwood River corridor over a relative short time period (1973–1977), hydroelectric 
development along the lower Nelson River occurred more locally and in several phases. Construction of 
the Kelsey GS in 1957-1961, which now separates the upper and lower Nelson River, was followed by 
the Kettle GS which by 1970 had created Stephens Lake/reservoir, more than tripling its surface area. 
There was an approximately 7-fold increase in flows of the Burntwood River as a result of CRD, which 
entered Split Lake starting in 1977. Based on the data record from 1956 to 2014, the average post-
CRD/LWR water level on Split Lake is 0.4 m higher than pre-CRD/LWR (Water Regime, Section 4.3.4.2). 
Average water levels post-CRD/LWR are higher during the winter (when methylation potential is relatively 
low) than during summer. Average winter water levels in Split Lake were 0.8 m higher and average 
summer levels were 0.1 m higher than they were prior to the CRD. 

Long Spruce GS was the next hydroelectric installation to be completed on the lower Nelson River, 
starting operation in 1977. Located 17 km downstream of Kettle GS, the Long Spruce GS flooded 
14.5 km2 of shoreline habitat. Limestone GS, roughly 22 km downstream of Long Spruce GS, started 
operation in 1990, inundating approximately 2.1 km2 of former shoreline areas. Downstream of Limestone 
GS, the Nelson River is essentially free-flowing, however, daily water level fluctuations as a result of 
Limestone operations are noticeable as far downstream as Gillam Island (Water Regime, Section 
4.3.4.4).  

The staggered timelines of hydroelectric developments pose a challenge when evaluating cumulative 
effects on fish mercury concentrations for the lower Nelson River. Fish mercury data that pre-date the 
construction of Kelsey and Kettle GSs do not exist, and data from mainstem river sections downstream of 
the Limestone GS and upstream of the estuary have only been collected with adequate sample sizes and 
meaningful time intervals since 2003. Furthermore, the unique nature of large rivers often result in 
specific dynamics of mercury cycling and bioaccumulation. This may include, among others, yearly and/or 
seasonal differences in flushing and loading rates of mercury chemical species and net methylation rates 
due to variability in flows. Mercury dynamics in the Nelson River may also be affected by regionally 
changing mercury bioaccumulation rates due to food web modulations as, for example, the result of 
distribution limits of migratory species or the arrival of aquatic invasive species. Supporting these 
theoretical considerations, fish mercury concentrations have been shown to differ between locations in 
other river systems without hydroelectric development (Munn and Short 1997; Choy et al. 2008). Mainly 
for these reasons, riverine reference locations are difficult to find and because of the relative paucity of 
large rivers compared to lakes in the ROI, the choices are limited. Considering these limitations, the 
Hayes River was chosen to be the riverine off-system location in Area 2. Assean Lake is the CAMP off-
system reference site for the on-system lakes and reservoirs, and some limited fish mercury data exists 
for other off-system lakes. 
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5.5.3.1 Key Published Information 
Mercury concentrations in Northern Pike, Walleye, Lake Whitefish, White Sucker, and Lake Sturgeon 
from commercial catches from Area 2 waterbodies between 1970–1972 were first compiled by 
Bligh (1971) and Derksen (1978a, b, 1979). Unlike the relatively large number of lakes with extensive fish 
mercury data for this time period in Area 1, this included only a few composite samples from Split, 
Moosenose, and Moose lakes, and an undesignated location on the lower Nelson River. 
McGregor (1980) reported commercial data for Walleye and pike from Split Lake for 1970–1979. 

Mercury data from composite analyses of Northern Pike, Walleye, whitefish, and Lake Sturgeon sampled 
commercially from Assean, Split, Stephens, and War lakes through to 1985 (DFO 1987) was summarized 
as part of the Canada-Manitoba Agreement on the Study and Monitoring of Mercury in the Churchill River 
Diversion (see Section 5.5.1.2). As part of the Agreement, Green (1986) and Derksen and Green (1987) 
conducted a thorough analysis (including standard means) of all mercury data available at the time for 
Northern Pike, Walleye, and Lake Whitefish based on survey samples conducted at Assean, Crying, 
Butnau, Split, Stephens, and War lakes. Green (1990) expanded on this analysis including data from Split 
and Stephens lakes for years 1985–1989 as part of the Ecological Monitoring by Manitoba Natural 
Resources under the auspices of the NFA. 

The monitoring of mercury concentrations in fish from the lower Nelson River forebays (Stephens Lake, 
Limestone, Long Spruce) was initiated in 1985 as part of the Limestone Environmental Studies (summary 
in North/South Consultants Inc. 2012). Preliminary reports documented mercury concentrations in fish 
collected from the Long Spruce forebay in 1985 and 1986 by the Manitoba Fisheries Branch 
(Swanson 1986; Swanson and Kansas 1987). Manitoba Hydro continued to monitor mercury 
concentrations in fish from the forebays starting in 1989 until the completion of the program in 2003 
(Baker 1990a, 1991, 1992; Baker et al. 1990; Horne and Baker 1993; Kroeker and Horne 1993; 
MacDonell and Horne 1994; Horne and MacDonell 1995a; Bretecher and Horne 1997; Bretecher and 
MacDonell 1999, 2000; Johnson et al. 2004). On occasion, subsamples of fish captured from the Nelson 
River mainstem downstream of the Limestone GS (Johnson and MacDonell 2004), its tributaries 
(MacDonell 1991, 1992; Horne and MacDonell 1995b), and the estuary (Baker 1990b) were also 
analyzed for mercury. 

Between 1992 and 1996, fish in lower Nelson River waterbodies (Split Lake, Stephens Lake, Limestone 
forebay) were measured for mercury concentrations as part of the program for monitoring mercury 
concentrations in fish in northern Manitoba reservoirs, a joint agreement between Fisheries and Oceans 
Canada, Manitoba Hydro, Manitoba Department of Natural Resources, and Hydro Québec 
(Strange 1993, 1995; Strange and Bodaly 1997). Fish mercury monitoring was extended from 1998 to 
2005 under an agreement between Fisheries and Oceans Canada, Manitoba Hydro, and Manitoba 
Department of Natural Resources (Strange and Bodaly 1999; Jansen and Strange 2007a). 

Fish mercury was monitored from 1999 to 2006 in the reach of the Nelson River between the Kelsey and 
Kettle GSs as part of the environmental assessment for the Keeyask Generation Project. Waterbodies 
sampled included Gull Lake, Split Lake, Clark Lake, Stephens Lake, CSand the Aiken River 
(Remnant and Barth 2003; Mochnacz et al. 2004; Maclean and Pisiak 2005; Holm et al. 2007; 
Jansen and Strange 2007b, 2009; Jansen 2010b; Keeyask Hydropower Limited Partnership [KHLP] 
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2012). Supplemental information was collected from Split and Stephens lakes in 2007 (Jansen 2010a), as 
well as Gull Lake and Aiken River in 2009 and 2012 (Jansen 2010b, 2013). In addition to fish species 
important to the domestic and commercial fisheries, forage species, particularly Rainbow Smelt (Osmerus 
mordax), were sampled to provide information on mercury at lower trophic levels of the fish food chain. In 
2009, trace elements, including mercury, were measured in the muscle tissue of fish captured in the lower 
Nelson River mainstem below the Limestone GS as part of baseline studies for the potential Conawapa 
Generation Project (Johnson 2010). 

Fish mercury concentrations continue to be monitored in Split and Stephens lakes, the Limestone 
forebay, downstream in the lower Nelson River, and in the Hayes River under CAMP and have been 
published for 2009 and 2010 (CAMP 2014). 

Several studies have been undertaken to assess possible impacts of hydroelectric development on fish 
harvested by communities located along the lower Nelson River. Available information on mercury 
concentrations in fish tissue was assembled by MacLaren Plansearch Inc. and Beak Consultants Ltd. 
(1988) in response to a NFA claim. In 1989, an environmental evaluation was conducted on the effects of 
increasing CRD flows (referred to as augmented flows) on numerous components, including mercury 
contamination in fish, along the diversion route, up to and including Split Lake (Rempel et al. 1989). 
Manitoba Hydro and the Split Lake Cree conducted a joint assessment of the effects of hydroelectric 
development on parameters including mercury levels in fish in the Split Lake Resource Management Area 
(Split Lake Cree-Manitoba Hydro Joint Study Group 1996). Fish mercury levels was one of the 
parameters assessed as potential impacts resulting from a change in operation of the Kettle GS in 
response to modifications made to the dam in 1996 (Manitoba Hydro 1998). 

Fish mercury data from Split and Stephens lakes were used to test predictive models relating reservoir 
flooding to fish mercury concentrations (Johnston et al. 1991) and, along with the Long Spruce forebay, 
as part of an analysis of post-impoundment trends in fish mercury concentrations in boreal Manitoba 
reservoirs (Bodaly et al. 2007). 

5.5.3.2  New Information and/or Re-analysis of Existing Information 
The current assessment is based on the updated analysis of all fish mercury data available for Area 2 
from 1970 to 2014. Mercury concentrations for approximately 14,000 fish of 20 species have been 
collected in Area 2 (Table 5.5.1-1), representing roughly 26% of all mercury data for individual fish in the 
ROI. In addition, 255 analyses for composite, commercial fish samples exist for Area 2 often in years 
without survey samples. These commercial data were used when no results based on individual fish were 
available. In these cases, some of the published yearly means were recalculated for years with multiple 
composite samples that were only reported separately. Almost 69% of all individual mercury data in Area 
2 are for Lake Whitefish, pike, and Walleye, and an additional 18% are for similar proportions each of 
Cisco, Rainbow Smelt, Sauger, and White Sucker. All of the sites sampled for fish mercury in Area 2 are 
shown in Map 5.5.3-1. 
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