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t h e  c h a l l e n g e
There is an urgent need to
understand watershed change
in northern river systems and
consider forward-looking
stewardship opportunities that
foster climate resil ience for
salmon and people. Human-

caused cl imate change is
transforming watersheds of
northern Brit ish Columbia and
their capacity to support
important species l ike salmon. In
the coming decades,  the degree
to which humanity reduces
greenhouse gas emissions wil l
determine the magnitude and
rate of cl imate change. Salmon
watersheds are also facing
pressures from industries such as
forestry and mining. Local land-
uses and their management could
either exacerbate cl imate impacts
or facil itate resi l ience.  

This document briefly overviews some of the emerging science of
watershed change. This is not comprehensive, but rather aims to help set
the stage for a conversation about the science and stewardship of rapidly-
changing northern watersheds.
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W A R M I N G  T E M P E R A T U R E S  W I L L  H A V E
V A R I A B L E  I M P A C T S  O N  T H E  F R E S H W A T E R
P R O D U C T I V I T Y  O F  N O R T H E R N  R I V E R
S Y S T E M S  F O R  S A L M O N  
The influence of cl imate warming on freshwater habitats
wil l  be unique at each location.  In the Taku watershed for
example,  some rivers host summer water temperatures
that already are potential ly stressful for salmon (>19°C) ,
while other r ivers influenced by glaciers may currently be
too cold for most salmon to thrive (that is ,  unti l  waters
warm more) .  Thus,  r is ing water temperatures 

W A R M E R  A I R  T E M P E R A T U R E S  R E S U L T  I N
W A R M E R  W A T E R  T E M P E R A T U R E S  
Water temperature is crit ically important for sensit ive f ish
such as salmon. Water temperatures that are too high
(e.g. ,  >20°C) can stress and even ki l l  adult and juvenile
salmon. Water temperatures that are exceedingly cold
(e.g. ,  <4°C) can halt the growth of juvenile salmon. The
seasonal patterns of water temperatures also influence
the timing of salmon runs,  spawning, fry emergence, and
emigration of juveniles to the ocean. Thus,  salmon are
strongly influenced by water temperatures and its
warming. 

One of the important ways that cl imate change is
impacting northern r ivers and lakes is  via the r ise in air
and water temperatures.  Most cl imate change scenarios
predict warming of global air  temperatures by ~2 to >4°C
by 2100. 2

W A R M I N G  A I R  A N D  W A T E R  T E M P E R A T U R E S  

h o w  a r e  n o r t h e r n  w a t e r s h e d s
c h a n g i n g  f o r  s a l m o n ?

Climate warming may harm salmon in some areas,  such
as i f  waters get too low or too hot.  It  is  also l ikely that in
some local regions,  the forthcoming decades of cl imate
change may increase the suitabil ity or productivity of
freshwater habitats for salmon. 

C L I M A T E  C H A N G E  W I L L  P R E S E N T
C H A L L E N G E S  A N D  O P P O R T U N I T I E S  F O R
S A L M O N



The seasonal patterns of water f low can strongly influence aquatic habitats
and their productivity for salmon. In northern r iver systems, f low is derived
from a variety of sources,  such as glacier melt ,  snowmelt ,  and rainfal l .  A
shift  from snow to rain resulting from climate change wil l  lead to large-
scale changes in the seasonal patterns of water f low. Specif ically ,  cl imate
change may lead to more f loods during the fal l  or winter that can expose
incubating eggs,  and drier f lows during the summer that can reduce rearing
habitats for young salmon. Indeed, studies of Chinook salmon have found
that years with large fal l /winter f loods or low summer f lows show lower
salmon survival   .  Thus,  a shift  in f low regimes is a key pathway by which
climate change can impact salmon. 

F L O W  R E G I M E S  A R E  C H A N G I N G  I N  M A N Y  R I V E R S  A N D
I M P A C T I N G  S A L M O N
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In general ,  there is predicted to be a shift  from precipitation fal l ing as snow
towards more fal l ing as rain.  Additionally ,  it  is  l ikely that precipitation wil l
become more variable,  with more extreme events such as heavy rains ( i .e . ,
atmospheric r ivers) .  There is high uncertainty with how the amount of
precipitation wil l  change, with most projections forecasting increases in the
amount of annual precipitation.

M O R E  R A I N ,  L E S S  S N O W  
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W A T E R  T E M P E R A T U R E S  M A Y  N O T  R E S P O N D  E V E N L Y  T O
W A R M I N G  A I R  T E M P E R A T U R E S
The coldest r ivers may be the ones that warm most rapidly in the coming decades
as they lose their  glaciers and ice.  There is also large variation in the “cl imate
sensit ivity”  of freshwaters ,  the degree to which water temperatures respond daily to
air  temperatures.  For example,  even during hot days,  r ivers that are fed primari ly by
groundwater or glaciers may stay cold.  Alternatively ,  r ivers that drain shallow lakes
may be particularly sensit ive to warm air  temperatures.  These factors are an added
challenge to our abil ity to predict change. 

resulting from climate change could increase stress and harm in some already-warm
rivers ,  or actually increase the suitabil ity and productivity of r ivers that currently are
too cold for salmon.

D E C R E A S E S  I N  S N O W  A N D  I C E

As air  temperatures warm and precipitation begins to fal l  more as rain instead of
snow, there wil l  be decreases in the volume, areal coverage,  and seasonal duration
of snow and ice.  Rising temperatures also wil l  accelerate the retreat of mountain
glaciers .  For example,  depending on how much humanity reduces greenhouse gas
emissions,  western Canada is predicted to lose 60-100% of its glaciers by 2100  .6,7
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T H E  L O S S  O F  G L A C I E R S  O R  S U M M E R
S N O W P A C K ,  E S P E C I A L L Y  I N  S M A L L E R
C A T C H M E N T S ,  W I L L  M A K E
D O W N S T R E A M  R I V E R S  L E S S  R E S I L I E N T
T O  D R O U G H T S  A N D  H E A T  W A V E S
Watersheds with glaciers tend to provide more
adequate f low and cooler water for salmon during
times of intense heat and drought.  For example,  the
drought and heat wave of 2019 lead to low oxygen
and water f lows,  and high water temperatures,
resulting in the premature death of thousands of
spawning pink salmon in small  coastal streams of
Alaska .  However,  watersheds with glaciers were
unlikely to suffer these f ish-ki l ls  as the meltwater
from glaciers buffered such impacts.  

15

A S  S N O W  A N D  I C E  R E T R E A T S ,  T H E R E
W I L L  B E  F A R - R E A C H I N G  D O W N S T R E A M
I M P A C T S
Glaciers and summer snowpack act as ice cubes on
mountains,  providing cool water during the hottest
summer months.  For example,  in the Babine system
of the Skeena, tr ibutary streams with ~10% glacier
coverage had summer water temperatures that
were 5°C cooler than non-glaciated catchments,
and these tr ibutary inputs measurably cooled the
larger downstream Babine River .   14

G L A C I E R  R E T R E A T  W I L L  C R E A T E  N E W
H A B I T A T  I N  S O M E  L O C A T I O N S  

In some locations with low-lying glaciers ,  glacier
retreat wil l  open new salmon habitat .  Salmon can
rapidly colonize newly formed rivers ,  and thus
these glaciated regions offer potential  as
important future salmon habitats    .  For example,
anticipated glacier retreat across western North
America due to cl imate change is predicted to
create 6,146-9,296 km of new salmon rivers by
2100, with some predicted new habitats in the
Taku, Stikine,  and Nass .  I f  these emerging
habitats are not degraded by human activit ies ,
they can provide local opportunities for salmon
even as cl imate warming and other stressors
threaten neighbouring regions.  

11 ,12
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O C E A N  C H A N G E  I S  U N D E R W A Y
There is much uncertainty in terms of how climate
change wil l  alter the ocean for salmon. Some
species,  l ike sockeye,  appear quite sensit ive to
changes in ocean temperatures and associated food
web. Competit ion on the high seas with hyper-
abundant pink salmon, including those from
production hatcheries ,  can further reduce ocean
survival and growth, particularly in years with
warmer ocean temperatures .  18
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M E L T I N G  G L A C I E R S  A N D  C L I M A T E  C H A N G E
W I L L  A L T E R  T H E  T O T A L  A M O U N T  O F
W A T E R  F L O W I N G  I N  N O R T H E R N  R I V E R S

17

As glaciers melt ,  the total annual f low at f irst increases,
and then decreases as the size of glaciers decline.
Glacier melt in northern BC rivers l ike the Taku, Stikine,
Nass,  and Skeena now are past “peak water” ,  and the
amount of annual discharge from glacier melt wil l
continue to decrease over t ime .  

A S  G L A C I E R S  R E T R E A T ,  D O W N S T R E A M
R I V E R S  W I L L  C H A N G E  I N  T H E I R
P R O D U C T I V I T Y  F O R  S A L M O N  
It  is  often incorrectly assumed that r ivers downstream
of glaciers are too cold and turbid to support f ish.  In
reality ,  while these habitats tend to have low
productivity ,  the complexity of these r ivers and their
off-channel habitats can sti l l  support salmonids.
Further cl imate warming in heavily glaciated river
systems wil l  l ikely lead to channel stabil ization and
increases in water clarity and temperature,  which wil l ,
at least for the near future,  increase their  suitabil ity
and productivity for salmon .  16

N A T U R A L  H A Z A R D S  W I L L  I N C R E A S E
Climate change wil l  also increase the probabil ity of
natural hazards such as major landslides .  Different
components of cl imate change⁠—alpine permafrost
melt ,  glacier retreat ,  extreme storm events⁠—can
trigger landslides or other natural hazards.  In most
cases,  such landslides won’t pose a large problem
for salmon, but they may introduce new barriers i f
they occur in constrained sections of the r iver .
Forest f ire frequency and intensity wil l  also be
influenced by cl imate change, with corresponding
impacts on adjacent freshwater ecosystems.
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Climate change wil l  not be a predictable
and steady process,  but rather one where
there are unforeseen events that impact
systems and result in locally-variable
responses.  Specif ic watershed attr ibutes wil l
modulate cl imate impacts.  Smaller
catchments wil l  undergo greater local
impacts than larger catchments that
integrate across more cl imatic diversity .
Certain l i fe-histories or populations of
salmon wil l  be more or less vulnerable to
climate impacts.  While our understanding of
these specif ic factors is  increasing,  there wil l
always be a major element of
unpredictabil ity when we look to the future.

21

C L I M A T E  C H A N G E  A N D  I T S  I N F L U E N C E  W I L L  B E  U N P R E D I C T A B L E
A N D  V A R I A B L E

Salmon populations have adapted to their  local temperature regimes.
Populations from warm rivers have genes,  physiologies,  and l i fe-histories that
help them cope with warm temperatures compared to salmon from cold r ivers .
As their  local r ivers change, salmon populations wil l  be challenged to keep
pace with this change .  The timing of key l i fe-history events,  such as juvenile
or adult migration,  have already begun to shift  in various places.  The abil ity of
salmon to adapt is  a key component of their  resi l ience.  Ultimately ,  salmon
need time and available options to successfully adapt and evolve.     

S A L M O N  A R E  L O C A L L Y - A D A P T E D  T O  T H E  T E M P E R A T U R E
A N D  F L O W  R E G I M E S  O F  T H E I R  H O M E  R I V E R S

20
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s a l m o n  r e s i l i e n c e  a n d  v u l n e r a b i l i t y

E N O R M O U S  V A R I A T I O N  I N  S A L M O N  S Y S T E M S

Salmon use diverse habitats ,  ranging from cold and turbid glacial  r ivers ,  to clear
and f lashy coastal rainforest streams, to high elevation lakes surrounded by
spruce forests .  Such disparate systems wil l  respond quite differently to cl imate
change, and these local differences represent different options for salmon in the
unknown future.  Thus,  protecting diverse habitats wil l  provide salmon with
options,  even if  the precise impacts of cl imate change are not known. Salmon
have persisted over mil lennia,  through major cl imate shifts ,  and have repeatedly
demonstrated their resi l ience when options exist .  
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i n d u s t r y  p r e s s u r e s
T H E  E F F E C T I V E  G O V E R N A N C E
O F  W A T E R S H E D  A C T I V I T I E S
W I L L  I N F L U E N C E  T H E
R E S I L I E N C E  O F  S A L M O N
S Y S T E M S  T O  C L I M A T E  C H A N G E  

1

There are important industries in northern
watersheds that can help support local
economies,  such as mining or forestry .
However,  mining has the potential  to harm
salmon and their habitats in multiple ways,
such as via contamination and habitat
degradation .  In addition,  forestry can
increase stream flashiness,  decrease low
summer f lows,  and increase summer water
temperatures.  For example,  a study of 28
mid-sized streams in the Fraser watershed
reported that maximum summer water
temperatures were over 3 .5°C higher when
adjacent forests were heavily logged ( i .e . ,  35%
of r iparian area trees removed) versus i f  they
had low forest removal (<5%) .  These forestry
impacts are similar to those associated with
climate,  and can thus reduce the resi l ience of
these habitats and f ish populations to future
changes in cl imate.  This highlights the reality
that local land-uses and their management
could either exacerbate,  or faci l itate
resi l ience to,  cl imate impacts.

23
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