
Seasonal Distribution and 
Abundance of Small Fishes in       

the Offshore Waters of             
Lake Winnipeg

Chelsey Lumb1, W. G. Franzin2

 
and D. A. Watkinson2

1Manitoba Water Stewardship, Fisheries Branch             
2Fisheries and Oceans Canada, Freshwater Institute

Hecla Island 
Lake Winnipeg

Presenter�
Presentation Notes�
Thanks for coming. I’m going to talk about results of trawling done in the offshore waters of Lake Winnipeg from 2002 to 2008

I’ll start with a bit of background about the lake…
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Presenter�
Presentation Notes�
The north basin is deeper, cooler, and less turbid than the south basin (Brunskill et al. 1980)

The lake is subject to strong wind events, so it is thought to be well mixed throughout its volume during open water season

In general, it is a shallow, turbid lake that does not typically thermally stratify



Average depth ≈ 12m (39.4 ft), 

Maximum depth ≈ 36m (118.1 ft)

64 fish species in the immediate basin of Lake Winnipeg (Franzin et al. 2003)�
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Presenter�
Presentation Notes�
Total phosphorous and total nitrogen concentrations have increased in the last century leading to eutrophic conditions in the lake 

Indications of nutrient enrichment include larger and more frequent algal blooms during the last 10 years

Decline in phytoplankton biodiversity

Increased abundance of zooplankton as well as

Decreased abundance of sensitive benthic invertebrate taxa, such as amphipods
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Objectives

1. Describe seasonal distribution and abundance of 
small fishes in offshore waters of Lake Winnipeg

2. Graphically represent geographic patterns of 
estimated age-0 walleye densities (No./1000m3)

North Basin, spring 2007

Presenter�
Presentation Notes�
Despite its ecological, social and economic importance, and recent productivity changes, dynamics of the fish community are not well understood

Objectives of this work were to describe seasonal distribution and abundance of small fishes in the offshore waters of Lake Winnipeg 

When I say small fishes, I mean juvenile life stages of fish of different species, as well as adults (i.e., reproductively mature) of prey fish species

And to graphically represent geographic patterns of estimated age-0 walleye densities, during the summer (from 2002-2008)
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Trawling Methods
• Offshore waters sampled for fish spring, summer and fall 

using a 3-meter square beam trawl with small mesh net
• Trawl towed at 2 knots (3.7 Km/h) for 30 minutes

• Incidental catch of larger fish measured (fork length) and 
returned to lake

• Smaller fish sorted by species and frozen in labeled bags 
for further processing

Presenter�
Presentation Notes�
To collect fish from offshore waters of Lake Winnipeg during spring, summer and fall, a 3-meter square beam trawl with small mesh net was used

Trawl towed along side the ship, the Motor Vehicle Namao, randomly at one of three depths: surface, mid-water or deep  

Trawl towed at 2 knots (3.7 Km/h) for 30 minutes, as the vessel approached one of about 65 long-term monitoring stations

Latitude and longitude coordinates were recorded at the start and end of each trawl and were used to calculate the distance the trawl was towed

After the trawl was retrieved, incidental catch of conspicuous larger fish (roughly >200 mm) were identified, measured (fork length) and returned to lake (i.e. lake whitefish, walleye, sauger > 200 mm FL)

Remaining fish were sorted by species and frozen in labeled bags for further processing�



Lab Processing Methods
• Fork length and weight of first 100 fish of a species 

individually measured
• If > 100 fish of the same species, then remaining fish 

counted and bulk weighed
• Ageing structures collected from walleye and sauger        

starting in 2007

Photos courtesy      
of J. P. Madrid

Presenter�
Presentation Notes�
In the lab, fish identification was confirmed and fish were sorted into size groups

For each species and size group from a trawl sample…

Fork length and weight of the first 100 fish of a species were individually measured

If there were more than 100 fish of the same species and size group from a trawl sample, then remaining fish counted and bulk weighed

Scales, dorsal spines and otolith were collected from walleye and sauger starting in 2007, for ageing�



Objectives

1. Describe seasonal distribution and abundance of 
small fishes in offshore waters of Lake Winnipeg

North Basin, spring 2007

Presenter�
Presentation Notes�
To describe seasonal distribution and abundance of fish, a series of steps were used…
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1.
 

Biomass density (g/m3)  =
 

sum biomass of species (g)      
volume of water sampled (m3)

2. Biomass density data were standardized (to 1000m3)         
and transformed (natural log (x + 1)) 

3. Mean biomass density was calculated for each species 
by year, season, basin, and trawl type

4. Weighted mean biomass density of each species was    
calculated for each year, season, and basin,

 
using 

sample size of trawl type as the weight factor

Summarizing Species Abundance

(Roseman et al. 2005, Bunnell et al. 2006, Jůza and Kubečka 2007)

Presenter�
Presentation Notes�
First, biomass density was calculated by summing the biomass of each species, in each trawl tow and dividing by the volume of water sampled during the trawl

Biomass density was standardized (to 1000m3) and transformed using a natural log (x+1) transformation to reduce skewness of the distribution (Bunnell et al. 2006; Roseman et al. 2005) 

Next, mean biomass density was calculated for each species by year, season, basin, and trawl type

Lastly, these means were converted to weighted means for each species, for each year, season, and basin, using sample size of trawl type the weight factor
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Species 
Abundance by 

Basin
Goldeye
Mooneye
Common Carp
Emerald Shiner
Rainbow Smelt
Cisco
Lake Whitefish
Troutperch
Burbot
Ninespine Stickleback 
Spoonhead Sculpin 
White Bass
Black Crappie 
Yellow Perch
Logperch
Sauger
Walleye
Freshwater Drum
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Presenter�
Presentation Notes�
Data from seasons were pooled to calculate mean biomass density for each species, by basin

Data from 2005 were not included because sampling was not done in the spring or in the summer

The legend shows colour representing species mean biomass density plotted from the bottom of each graph upwards

The greatest number of species and the greatest biomass was found in the south basin

Emerald Shiner (shown in blue), Cisco (shown in green), and Rainbow Smelt (shown in red), were the dominant species in trawl catches (by mass in all years of the survey) 

Non-native Rainbow Smelt were first observed in Lake Winnipeg in the early 1990s (Campbell et al. 1991) and are now an important part of the offshore fish community in the north basin

White Bass (shown in aqua), Yellow Perch (shown in burgundy) and walleye (shown in yellow) were also present in trawl catches

White Bass are also a non-native species within Lake Winnipeg, first observed in the early 1960s (Stewart and Watkinson (2004))
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Analysis of variance (ANOVA) was used to determine whether 
species biomass density varied significantly by season or     

by basin (Johnson et al. 2004, Yule et al. 2007, Yule et al. 2008)

Effects of Season and Basin on 
Species Biomass Density

ANOVA P-values for factors affecting biomass density estimates    
* indicates significance at the α

 
< 0.05

 
level

Species Season Basin Season×Basin
Emerald Shiner 0.078 <0.001* 0.021*

Rainbow Smelt 0.234 <0.001* 0.078

Cisco 0.002* <0.001* 0.031*

White Bass 0.030* 0.006* 0.002*

Yellow Perch 0.001* <0.001* <0.001*

Walleye 0.004* <0.001* <0.001*

Main Factors Factor Interaction

Presenter�
Presentation Notes�
Analysis of variance was used to determine whether species biomass density varied significantly by season or by basin

Some species were rare in trawl catches, so analysis was limited to species captured in at least 40 trawls per year, or roughly 30% of trawls (arbitrary cut-off)

In the ANOVA model, year was treated as a random effect (regarded as replication)

Season and basin were treated as fixed effects 

(Significance of main effects and two-way interaction were tested)

Tukey’s post hoc test was used to interpret significant main effects 

This table shows analysis of variance P-values for factors affecting biomass density estimates of 6 species included in the analysis

Biomass densities were significantly effected by season for all species included in analysis, except Emerald Shiner and Rainbow Smelt

Basin had a significant effect on all species biomass density estimates
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Presenter�
Presentation Notes�
This figure is the first of two that show mean biomass density of species included in the analysis, by year, season and basin

Species mean biomass density in the North Basin are shown in black, in the Channel are shown in red and in the South Basin are shown in blue

Error bars represent +/- 1 standard error of the mean

Emerald shiner biomass was greater in the south basin and the channel, compared to the north basin of the lake

Rainbow Smelt biomass was significantly greater in the north basin compared to the channel and the south basin, in all seasons 

Cisco biomass also was generally greater in the south basin and the channel compared to the north basin 
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North Basin Channel South Basin
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Presenter�
Presentation Notes�
This figure shows mean biomass density of the rest of the species included in the analysis, by year, season and basin

Note the change of scale along the y-axis

Again, species mean biomass density in the North Basin are shown in black, in the Channel are shown in red and in the South Basin are shown in blue

Walleye biomass density was generally greater in the south basin and channel, compared to the north basin, and generally greater in the summer and the fall, when age-0 fish were caught in trawls

Similarly, Yellow Perch and White Bass biomass densities were generally greatest in the south basin, during the summer
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Objectives

1. Describe seasonal distribution and abundance of 
small fishes in offshore waters of Lake Winnipeg

2. Graphically represent geographic patterns of 
estimated age-0 walleye densities (No./1000m3)

North Basin, spring 2007

Presenter�
Presentation Notes�
To graphically represent geographic patterns of estimated age-0 walleye densities,

Mean length of age-0 walleye were estimated for each summer from length-frequency data

Histograms were analyzed as mixed distributions using a maximum-likelihood algorithm (Expectation-Maximization algorithm)�



Estimated Age-0 Walleye Density (No./1000 m3) 
Summer 2002 to 2008
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Presenter�
Presentation Notes�
This figure shows mean estimated age-0 walleye density, by basin during the summer.

Note that density was summarized using number of fish, rather than biomass of fish.

Mean walleye density was greatest in 2007, at 1.5 walleye/1000m3
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Estimated Age-0 Walleye Density (No./1000 m3) 
Summer 2002 to 2008

Presenter�
Presentation Notes�
To graphically represent geographic patterns of estimated age-0 walleye density

Deviations from overall summer mean values were plotted at the end point of each trawl tow, as discrete point samples (using the natural break function in ArcView)

Note that data were not transformed and that scales differ between years

(Trawling was not done in the summer of 2005)

Large symbols show locations where greater than the overall summer mean density of walleye were collected

In almost all years, greater densities of estimated age-0 walleye were found in the south basin and the channel compared to the north basin
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Summary

Greatest number of species and greatest biomass in trawl 
catches found in the south basin

Prey fish
 

assemblage composed of Emerald Shiner, Rainbow 
Smelt, Cisco, White Bass, Yellow Perch and Walleye

Emerald Shiner and Cisco biomass were generally greater in 
the south basin and the channel compared to the north basin 

Rainbow Smelt biomass was significantly greater in the north 
basin compared to the channel and the south basin

In the summer, greater estimated age-0 walleye densities 
found in the south basin compared to the north basin

Presenter�
Presentation Notes�
To summarize, greatest number of species and greatest biomass in offshore mid-water trawl catches from the south basin compared to the north basin

Offshore prey fish assemblage composed of Emerald Shiner, Rainbow Smelt, Cisco, White Bass, Yellow Perch and Walleye

Emerald Shiner and Cisco biomass were generally greater in the south basin and the channel compared to the north basin 

Rainbow Smelt biomass was significantly greater in the north basin compared to the channel and the south basin

Greater estimated age-0 walleye densities in all years in the south basin compared to the north basin, during the summer
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Thank you
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North Basin  
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