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How do dams affect fish populations?

Мore free environmental science resources аt: www.ScienceJournalForKids.org

Hydroelectric dams look like barriers between bodies of 
water, where fish on one side of the dam live and breed 
without interacting with fish on the other side. We wanted 
to know how a Winnipeg River dam, the Slave Falls 
Generating Station (GS), had actually impacted a long-
lived fish, the Lake Sturgeon (Acipenser fulvescens). Do the 
sturgeon upstream and downstream of the dam live and 
interact differently since the dam was built? We caught fish 

and analyzed their size and genetics on both sides of the 
dam and compared our results to a computer simulation 
that modeled fish population genetics. We found that the 
Slave Falls GS is not that different than the waterfall that 
existed nearby in the recent past, in terms of preventing 
Lake Sturgeon from swimming upstream and mating with 
the fish that live in that area.

Introduction

Abstract

Figure 1:
A happy research assistant is holding a Lake Sturgeon (Acipenser fulvescens),

a long-lived freshwater fish, captured in the Winnipeg River.

In the past, the Winnipeg River in central Canada was a 
series of lakes separated by waterfalls and rapids; now, 
it is a series of reservoirs separated by nine hydroelectric 
dams that were built throughout the 20th century. How 
has this change affected the fish that live in the river? 
Before the dams were built, did fish swim freely upstream 
and downstream to mate with each other? Have the dams 
on the Winnipeg River divided fish populations by keeping 
them from mating?
One of the fish that lives in the Winnipeg River is the Lake 
Sturgeon (Acipenser fulvescens), a freshwater fish that 
usually lives between 50-80 years and females are often 
25 years old before they reproduce (Fig. 1). Sturgeon 
can grow to be larger than a human, and are considered 
endangered in parts of their range. They are a useful 
species to study for answering questions about how dams 
affect fish distribution because they live so long that the 
relative short time period since the dams were built in the 
early 20th century is not likely to have allowed  genetic 
differences between upstream and downstream sturgeon 
populations to develop.
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Methods

Results

Please see
Figure 4 on Page 3

We found that upstream sturgeon tended to grow faster than 
downstream sturgeon; for example, 8-year old upstream fish 
averaged 621 mm, compared to only 483 mm for downstream 
fish (Fig. 4). However, 25 of the fish caught downstream were 
larger for their age than their downstream peers – we named 
these the “fast-growing outliers”. The growth rings of these 
fast-growing outliers were similar to that of the upstream 
fish, and three of the fast-growing outliers were known to

To answer these questions, we relied both on sturgeon 
captured in the Winnipeg River and computer simulations 
of sturgeon populations. We caught a lot of fish: 535 
sturgeon of similar sizes from different parts of the river 
upstream and downstream of the Slave Falls GS. For each 
fish, we measured its length and weight, and attached a 
plastic tag to one of its fins to mark that it was part of our 
study. We also noted where the fish was caught. Finally, 
we cut a small notch in the fin of each fish to take back to 
the lab for further analysis.

Back in the lab, we used the piece of fin sample to estimate 
each sturgeon’s age and growth rate by counting the rings 
(called annuli) in it (Fig. 3). Then we extracted the DNA 
from the fin sample to compare the DNA of sturgeon 
upstream and downstream.

We also used a computer simulation to model how sturgeon 
DNA would look if all the fish in the river were able to mate 
with each other before the Slave Falls GS was built, but 
then were genetically separated to different degrees after 
the dam’s construction.

Figure 2:
 Comparison of the Winnipeg river

in the past and the present:
A) The  Slave Falls Generating Station,
a hydroelectric dam built in the 1930s 

B) The 6 foot high Slave falls waterfall that 
existed nearby before the river was dammed. 

The historical image was
kindly provided by Manitoba Hydro.

Figure 3:
 A thin slice of a Lake Sturgeon fin ray with noticeable

white growth rings (“annuli”).

Did you know that you can tell the age of a fish by taking 
a closer look at its scales, or in the case of sturgeon, a thin 
section of its fin rays? These have growth rings, similar like 
the growth rings in a tree. Each “ring”, which is more a line, 
means a year in the life of the fish. How old do you think 
is this fish?

have originated upstream and survived a swim through the 
Slave Falls GS based on their tags. We also found that the 
fish caught upstream were genetically distinct from the fish 
caught downstream – except for the fast-growing outliers, 
who were more genetically similar to the upstream fish than 
to their downstream peers.

B) A) 

We wanted to answer the following questions about sturgeon 
in the Winnipeg River and the Slave Falls GS (Fig. 2A), which 
was built near the site of Old Slave Falls (Fig. 2B), where the 
Winnipeg River dropped about 6 m:

   Are sturgeon on either side of the dam genetically different? 
  Can sturgeon pass downstream through the Slave Falls GS?
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Discussion

Conclusion
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Though it may look like dams effectively slice up a river 
into separate sections that prevent fish in different areas 
from meeting and mating with each other, this isn’t 
necessarily true. Dams can affect aquatic environments in 
unexpected ways. For fish of conservation concern fish like 

Lake Sturgeon, figuring out what their populations were 
like in the past, and assessing how modern developments 
like dams have impacted them, are essential first steps to 
finding the most effective ways to conserve this important 
species.
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Figure 4:
Size and age of Lake Sturgeons caught in different parts of the Winnipeg River. 

(We measured the fish’s length from the tip of its face to the fork in its tail.)

We think the fast-growing outliers we caught downstream 
may have all been sturgeon that originally lived upstream 
and survived a swim through the generating station. We 
suspect that the rate of upstream sturgeon mating with 
downstream fish has increased since the construction of 
the Slave Falls dam for several reasons: 

1.   The reservoir that formed behind the dam is great fish 
habitat that has allowed more sturgeon larvae to grow into 

young fish. 

2.   Sturgeon usually don’t like to swim downstream over 
waterfalls, so the construction of the dam – which has two 
bottom-draw regulating gates where fish can swim through 
– may mean that more sturgeon are moving downstream 
now than they did before the hydroelectric dam was built, 
when they would have had to swim over Old Slave Falls.

By comparing the results of our computer simulation with 
the actual sturgeon genetics, we concluded that even though 
Lake Sturgeon cannot move upstream past the Slave Falls GS 
today, they probably could not have done so in the past, likely 
because Old Slave Falls would have also been too hard to swim 
over. Also, the Slave Falls GS has apparently not restricted 

sturgeon from moving downstream any more than Old Slave 
Falls did historically. Instead, it appears the opposite is true: 
it seems that more upstream fish move downstream through 
the Slave Falls GS and now live downstream compared to 
when the Old Slave Falls waterfall existed before the dam 
was built!
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Glossary of Key Terms

What are some of the different ways that dams affect fish habitat?

Why are Lake Sturgeon a useful species for studying how dams affect fish genetics?

Why might the Slave Falls GS actually increase the amount of upstream sturgeon mating with 
downstream fish, compared to historical rates?

Many species of sturgeon are rare and endangered. If you were designing a conservation plan 
for a sturgeon species, how might you use this research to inform the plan? What else would 
you want to know?
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Check your understanding

Annuli – Growth rings on a sturgeon’s fin that grow at a rate of one per year.

Bottom-draw regulating gates – Small gates located near the river bottom that can be lifted to allow relatively small amounts 
of water to flow through the dam. They were constructed so that Slave Falls GS operators could more easily maintain a constant 
water level upstream of the dam.

Downstream – Located in the direction of a stream’s flow.

Fin ray – A hard structure, in sturgeons made of cartilage (not bone) that gives a fish’s fins rigidity.

Generating station (GS) – A power plant for producing electricity.

Hydroelectric dam – A structure housing turbines through which water passes through to generate electricity.

Mark-recapture – A method used in ecology to estimate the size of an animal population, where a subset of the animals 
is captured, marked (with a tag or some other mark), then released. Later, another group of the animals is captured and the 
number of marked animals within the second group is counted to estimate the overall size of the population.

Outlier – Something that is notably different from the rest of the group.

Population – A group of animals from the same species that live in a certain area.

Reservoir – A storage place for water, usually an enlarged natural or artificial lake.

Sturgeon – A long-lived freshwater fish species.

Upstream – Located in the opposite direction of a stream’s flow; nearer to the source.

http://journals.plos.org/plosone/article%3Fid%3D10.1371/journal.pone.0174269
http://www.westcoast.fisheries.noaa.gov/fish_passage/about_dams_and_fish/
http://environment.nationalgeographic.com/environment/freshwater/lake-sturgeon/

