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Imagining a World Without Salmon

. Pacific salmon, as the species we have today, have been here
for 10 million years or so.

. They evolved at a time when global temperatures were up to
59C warmer than today.

. Over the past 3 million years they have survived through
successive periods of glaciation when global temperatures
fluctuated as much as 10°C over periods of 100 thousand years.

. The fish were obviously able to adapt to these major changes
in temperature. However, the rate of temperature change
during glaciation was much much slower than recent changes.



Imagining a World Without Salmon

. Salmon had no relationship with humans for more than 99% of the
salmon’s life on earth.

. The salmon/human relationship evolved no more than 30,000 years
ago, perhaps as little as 15,000 years ago.

. The early relationship was mutually beneficial, salmon fed the
people and the people assisted and nurtured the salmon.

Industrial humans did not appear in the salmon’s world until
around 180 years ago.

. Since that time humans have carelessly destroyed salmon habitat,
overfished salmon runs, polluted the waters in which they live, and
are now raising global temperatures faster than at any time in
geological history.
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Habltat destruction and pollution tend to be localized threats to salmon. Temperature
Change, however, is a global threat. There is no escape.
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R Here is an illustration of how temperatures have changed as a result of rising CO, levels
~ Inthe atmosphere.

Sluttmo Distribution of Tuupemuue Anomalies: \onllem Hennsphele Land June- July— xuoust

.S L4 L4 L & L 4 L 4 L 4 4 L 4 L 4 L 4 4 L 4 4 4 L 4 ! L 4 L4 4 L4 4 L4 L4 L4 L 4

1951-1980 1990-2000 2010-2020

B - eh R ’-

I
]

_O. A 4 ' =k R A
-3 "33 0.} &3 %'F 0 94D 210 1. %23 %30 —‘—4—3—’—10 Sl S R - S

- Anomaly o Anomaly o Anomaly o



& -

B 3 - L \ G

Ocean Temperature IS Also Changing

“

Average daily ocean surface temperature since 1981

2023 is by far the
Warmest year on
Record.

21.0°C

1982-2011 averag

19.5°C _
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The sea surface temperatures shown include data from 60°S to 60°N across all longitudes.

Source: NOAA Optimum Interpolation Sea Surface Temperature (OISST) version 2.1, ClimateReanalyzer.org, Climate Change
Institute, University of Maine




Consequences of Global Heating for Salmon

. Lower, warmer, summer autumn river flows affecting migration

. Salmon do not feed on spawning run, may, therefore, run out of
energy before completing spawning.

. Warmer waters resulting in disease, pre spawn mortality.
. Warmer waters resulting in rapid egg development, stunted fry,

. Mortality due to greater embryo oxygen demand coupled with
lower water oxygen levels due to warmer water.

. Early fry emergence, possible mismatch with spring food supply,

. Altered spring food supply and composition affecting fry growth
and survival



Consequences of Global Heating for Salmon

Predators more hungry and fry more hungry in warmer water leading
to greater predation.

. Timing of downstream smolt migration affected. Long distance
migrants will use more energy possibly experiencing higher mortality.

. Warmer coastal ocean causing greater food demands. Uncertain food
supply relationships (e.g. Neocalanus plumchrus).

. Ocean acidification affecting food resources (e.g. Pteropods unable to
make shells).

. Warmer ocean has stronger stratification affecting upwelling and food.
. Changes in wind borne iron affecting ocean production.
Uncertain changes in ocean currents.
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Effects of Industrial Society: Destruction of Habitat.
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* The earliest major
destruction of salmon
habitat was by gold miners
in California during the
1850s.

* Powerful water jets blasted
apart terraces beside gold
streams to recover the gold.
Thousands of tonnes of
sediment were flushed into
spawning rivers. .

* This was repeated wherever
placer gold was found.
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Dredging for Gold

Hydraulic mining used water jets to tear apart hillsides, dredges
operated on the valley bottom next to the river digging to bedrock.

Dredges were constructed on site and designed to float in a pool of
water. The soil dredged up was sorted in sluces within the barge
and the gold separated using mercury.

. Tailings left the sorting shed via a conveyor at the rear of the dredge
and were piled up in long, mercury and cyanide contaminated piles.

. Snakelike piles of dredge spoil are still very visible in former mining
Sites.

. The dredge spoils were heavily contaminated with mercury and
sometimes cyanide.



Destruction of Habitat: Logging

Industrial logging has been a
Major cause of habitat loss.

Clearcutting hillsides led to heavy
Erosion into spawning streams.

Logs were often stored behind splash
Dams in winter. In spring the dams
Were opened and the logs run down
The river, scouring spawning beds
And dredging up alevins.

»~ Logging debris also blocked migration
- In spawning rivers.
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:— Logging Splash Dam on the' Adams River

= ! The dam and associated log drives wiped out
The upper Adams sockeye run and did serious

Damage to the lower Adams run.
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* Thankfully, comparatively few dams = pownstream View, Seton Dam

-~ Have been built in BC.

-+ This view shows the outlet of Seton
Lake and Seton dam, a tributary of the
Fraser.

* Pink and sockeye spawn in the Seton
River and upstream of Seton Lake.
* Sockeye are able to pass the dam
« Through a fishway.
 Most major salmon spawning rivers
in W/O/C and Japan are dammed 2 e
~ Wiping out many salmon populations. L & i
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Agriculture effects include:
1. drying up streams for irrigation;
2. release of fertilizers and
pesticides into streams that kill
fish and their food;
® 3. Sedimentation on spawning

= beds from ploughing of fields;
== 4. Channelization of streams; and
- 5. Excluding fish from floodplain
| feeding areas by dyking.
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Loss of Habitat: Urbanization/Industrialization

1. Habitat loss to urbanization is pervasive and often goes virtually
unnoticed. For example, dozens of small salmon spawning streams
have disappeared in and near the Fraser River estuary because of
urban development.

2. The Roberts Bank port development has alienated intertidal
estuarine lands that were nursery habitat for juvenile salmon.

3. The automobile: hydrocarbon residues from roads wash into local
streams. Poisonous chemicals from brake pads and tires wash into
local streams killing young salmon and sometimes adults.

4. Land conversion to urban and cropland are the fastest growing
changes in land use at this time.



Pause for Questions




Inadequate Management Systems Contribute to
Salmon Declines

S

Colonial governments

Imposed centralized
Command and control
Forms of Management,
Which favoured fisheries
Over conservation.

Fishery policy moved
Fisheries from localized
Terminal areas to offshore
Mixed stock areas.




Mixed Stock Fisheries

* As fishing vessels became larger, it allowed fishers with big boats to fish
further out to sea.

* In these distant areas, salmon returning to spawn were gathered in
large masses that included multiple spawning populations.

* When targeting these large masses, neither fishermen nor managers
could control harvest of individual populations or species.

* As a result, less productive populations and species were regularly
overfished.

* Ultimately, only the largest most productive populations remained to
sustain the fishery.

* With few populations supporting the fishery the opportunity for
catastrophe multiplied.



he Optimal Escapeme

* The optimal escapement paradigm stated t

Nt Paradigm

nat there was a specific

escapement that would maximize salmon returns.

* This led fishers and managers to put too much emphasis on getting

just the right escapement.

* If too few fish escaped the fisheries to spawn, future harvests would
be lower. If too many fish escaped, fish that could have been caught

and sold were wasted.

* Managers were in a bind. No matter what they did they would
somehow fail. Letting more fish be caught was the lesser of the evils.

* No matter that, optimal escapement is a chimera that varies from
year to year depending on current conditions and those that will

occur over the coming few years.



The Economic Efficiency Paradigm

* Layered on top of optimal escapement was the economic efficiency
paradigm which argued that only enough boats and gear should be allowed
in the fishery to catch all the allowable catch.

* In the 1970s governments began limiting the number of salmon fishing
licenses they would issue. The intention was to ensure that each fisher
could earn a living wage and ultimately to meet the goal of economic
efficiency.

* As there was no limitation on vessel size, fishermen with licenses began
getting larger vessels so as to be able to grab a larger share of the allowed
catch. As a result catching capacity always exceeded that needed.

 Management agencies continued to favour fishermen so that overfishing
continued to be a problem driving populations lower.



The Situation Today

* We arrive at today with a dwindling wild resource, fisheries sustained
by salmon hatcheries, and a changing climate that is making both
freshwater and ocean habitats much less suitable for salmon.

* The growing importance of hatcheries, in my view, puts the salmon
fisheries in a precarious position.

* Because there are relatively few sites of production an outbreak of
disease or some other catastrophe could jeopardize a large fraction of
annual production.

* Climate change is an overarching issue that could both decimate wild
production and make hatchery production more difficult.



What Options Do We Have for Conserving Salmon
in the Face of Dramatic Environmental Change?

Proactive protection of habitats that will remain suitable with global
heating.

Artificial propagation where fresh water habitats are unsuitable but
marine habitats remain suitable.

Genetic modification so that salmon can live successfully in a
warmer environment.

Managed relocation to suitable habitat outside their present
distribution (i.e., the Arctic).

Maintaining populations in captivity

Cryopreservation of embryos and/or genomes for future
resuscitation.



Proactive protection of habitats that will
remain suitable with global change.

1. Larger rivers and rivers that are fed by any remaining
remnant glaciers should remain cooler longer and may
provide refuge habitats in the short term for some

species/populations.

2. These habitats will have to be identified and actively
protected as critical habitats for salmon refuge.

3. We will need to remember that in a warming planet these
habitats may be in demand for all sorts of purposes. How
will we prioritize salmon?



Assisted Relocation

1. Arctic rivers are opening up to salmon as ice retreats.
2. Salmon are already investigating this new habitat.

-ldentify the most suitable rivers for colonization;
- ensure they are protected from destruction;
- help salmon to colonize them.

3. Conservation community is very much divided on this
option. It needs thorough discussion and analysis.
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Assisted Evolution

: WE'VE BEEN
1 EATING \T

1. Use selective breeding or
genome modification to
“create” organisms better
suited to warmer waters.

? WE RESEARCHERS FEEL
ll GENETICAL\Y ALTERED
i SALMON 18 SAFE...

2. Arelatively new idea in
Conservation Biology.

3. Currently being explored
for coral reef and native
plant conservation.
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Assisted Evolution

. Salmonid fishes originated 65-70 million years ago when an
ancestor became tetraploid.

. Tetraploidy provided a lot of extra genetic material for
selection.

. Even now, salmon can adapt quickly to some changes in
their environment.

. Modern genetic modification techniques might allow the
creation of salmon with high temperature tolerance.



Cryopreservation

. Cryopreservation of gametes and other tissues is promoted
as a way to save endangered species.

. The San Diego Zoo has hundreds of tissue samples from
endangered species stored in liquid nitrogen.

. Fish sperm have been cryopreserved in aquaculture for
decades.

. Salmon eggs have not yet been successfully cryopreserved.
. Many technical issues still to be resolved.
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Male CP5-3N masu salmon recipient  Female CP5-3N masu salmon recipient
S. Lee, Y. lwasaki, G. Yoshizaki. 2016. Long -term

X W’ (5 years) cryopreserved spermatogonia have
. High capacity to generate functional gametes
w» Via interspecies transplantation in salmonids.

Cryobiology 73:286-290.

Rainbow Trout spermatogonia,
Cryopreserved 5 years, and
injected into Triploid (sterile)
Masu salmon migrated to the
~ gonad and differentiated into

;BW.M C*‘ . ‘F L sperm (male recipient) and

i 5|/G cPsaN eggs (female recipient) that

D gpme E : ‘H - were fertile and produced
AL | ‘viable Rainbow trout fry.

>
DNA content




Options for Future Salmon Conservation

Rigorously protect salmon rivers that will remain cool as the world
warms.

Prevent or dramatically reduce the release to toxic substances into
salmon rivers and coastal environment.

Assess the value of arctic rivers as habitat for salmon and assist
salmon to colonize these rivers.

Develop effective hatchery programs for all species that can be used
to sustain valuable genotypes or races that perform well in

hatcheries.

Explore genetic modification as a way to “climate proof” each
species of Pacific salmon.
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Pause for Questions




