The strength and diversity of Bristol Bay
sockeye salmon and their ecosystem
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Goals of this presentation:
Why iIs the Univ. of Washington working in Alaska?
What characterizes strong populations?
How strong are the Bristol Bay sockeye salmon runs?
Basic sockeye salmon life cycle
Habitat and life history diversity in sockeye salmo n

Salmon diversity brings resilience and broad benefi ts

Diversity of resident fishes




What Is the Univ. of
Washington doing In




The University of Washington has worked
In Bristol Bay since the late 1940s to:

1) Understand the physical and biological processes
controlling salmon and other parts of the ecosystems

2) Provide this information for the sustainabillity of fisheries,
the human communities, and the ecosystems




What characterizes strong
salmon populations?

1) Abundance: How many are there?
2) Productivity: Sustainable catch
3) Spatial extent: Area and habitat

4) Diversity: Size, timing, and other traits

McElhany and co-authors. 2000. Viable salmonid populations and the
recovery of Evolutionarily Significant Units. NOAA-Fisheries, Seattle.



Hovv blg aré the: Bristol Bay
sockeye salmon runs’?




Bristol Bay produces 51% of the
world’s sockeye salmon

Hl Bristol Bay
@ Central AK
O Southern BC
O Russia

W other

Data averaged from
1990 to 2005

Source: Ruggerone, Peterman, Dorner and Myers. 2010.
Marine and Coastal Fisheries 2: 306-328



Millions of salmon

The sockeye salmon runs to llilamna Lake and its
tributaries vastly outnumber those of all salmon species
combined, including hatchery production, in the entire
Columbia River basin (as counted at Bonneville Dam).

1960 to 2009 averages, after

S fishing had taken place
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1965 run of sockeye
salmon to lllamna Lake
and its tributaries.

47.6 million

6.3 X

7.5 million

Estimate of all salmon combined,
at the peak of the Columbia
River’s natural production.



Even the entire Fraser River basin produced
fewer sockeye salmon than just the lllamna
Lake (Kvichak River) system: Average total
run 7.9 vs 10.4 million sockeye, 1956 - 2010
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Abundance vs. Productivity:

How much oll Is produced in Saudi Arabia?

Healthy fish and wildlife populations produce
more “recruits” that can be supported by the
habitat. These can be caught by humans, like
the interest on a biological bank account,

without cutting into the capital.

The proportion of the total run of salmon that is c aught
on a sustainable basis provides a simple measure of
the population’s productivity.



% of the total run taken in fisheries

Bristol Bay sockeye salmon productivity Is
very high, and has been increasing
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From Bristol Bay to a stream

Naknek-Kvichak is one of five Bristol Bay districts

!

Kvichak, Naknek, and Alagnak river drainages

lliamna Lake and Lake Clark (and other lakes)

River, stream, pond, mainland and island beach habi  tats
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About 100 discrete breeding sites in the Kvichak sy  stem
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From Bristol Bay to a stream
Nushagak District

Wood, Nushagak, and Igushik river drainages

Lake Aleknagik is one of the Wood River lakes

Individual streams such as Hansen, Happy, Ice creek
flow into Lake Aleknagik, each with its own populat

lon



Photo credits: R. Bell, R. Holland, T. Quinn, R. Rich, G. Ruggerone




The “life history” of sockeye salmon
varies among populations, reflecting both
the direct influence of the environment
and the evolution of the population

Homing iIs the key:

Salmon return to the stream where they were
spawned, and spawn with others from that stream.

Streams and lakes differ in size, temperature, and
many other features that influence the salmon.

A combination of natural selection and growing
conditions causes the fish in each district, river
basin, lake, and stream to differ in size, age, etc.
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lllamna Lake vs. Lake Aleknagik

* [liamna Lake is colder than Lake Aleknagik
(August surface temps: 12.0 vs 13.8 C)

* |lilamna Lake is clearer (12.9 vs. 8.5 m)

* [liamna Lake has lower densities of
zooplankton that are eaten by young sockeye

salmon (227300 vs. 306800 per m %



lllamna Lake vs. Lake Aleknagik

o Almost all (91%) of the sockeye
salmon leave the Wood River lakes
after 1 year of growth but only half
(51%) of the lllamna Lake sockeye stay
a single year; the rest spend a second
year before going to sea.



Sockeye salmon: growth affects life history

Age 1 smolts are the faster growing fish, big
enough to leave after one year and go to sea

Age 2 smolts were smaller after one year, and so
“decided” to stay and grow more before going to sea




Summer growth influences whether or not sockeye
migrate to sea the next spring or the following yea [
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It has become warmer but because the lakes
are different, the salmon populations differ in
their responses to warming conditions
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Smolt size and age are really important:
Larger smolts are more likely to survive at sea

Larger smolts tend to spend fewer years at sea
(1 or 2 rather than 2 or 3) before coming back

In the Wood River system, age 2 smolts
are 23 times more likely to return as
jacks (age 1 males) than age 1 smolts.




In addition to the differences between
lakes, salmon show consistent, habitat-
specific differences in size and shape

Small streams Large rivers




Sockeye spawning in rivers below lakes tend to
be larger and spawn later in the season than
those from smaller streams flowing into the lakes



Sockeye spawning in small streams tend to be
smaller and spawn earlier in the cooler water






Spring-fed ponds are also used for
spawning



Sockeye populations spawn on lake beaches:

1) Groundwater-fed beaches on shorelines and
at river outlets

2) Rocky beaches on low-lying islands






Fine substrate is typical on mainland beaches



Sockeye salmon also spawn on low-lying
Islands In lllamna Lake such as Woody,
Flat, and Triangle islands



Island beaches have no groundwater and large substr  ate



Average egg size Is correlated with gravel size






Why Is It important to have salmon
using all the different habitats?

1) Full use of all habitats increases the total
number of salmon in the system

2) Habitats vary in productivity during different
climate regimes, so more diverse sets of
populations provide greater overall stability

3) Resident fish and wildlife rely on full use of th e
habitat, and extended duration of salmon runs
to provide enough carcasses and eggs to eat



Surplus salmon eggs are incredibly important as

food for resident fishes
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Individual populations vary a lot but runs

vary less at broader spatial scales
200

c

R

8 150 -

S

>

© 100 -

c

Q

3 I .

‘©

o

O ‘ ‘ l
Pedro Bay lianmalLake Naknek-Kvchak  Bristol Bay
Ponds District

1956 — 2010 data: Alaska Department of Fish & Game



In addition to sockeye salmon, the Bristol Bay
watersheds support the other species of Pacific
salmon, and diverse populations of trout and char

The diversity and abundance of these
species is directly related to the diversity of
Intact habitats, low levels of human
development, well-regulated fishing, and
abundant sockeye salmon as food resources



lllamna Lake rainbow
trout may be very
spotty or silvery, and
may feed primarily in
rivers or in the lake.

Such variation is
known from other
lakes as well.




Dolly Varden from
these populations
grow at different
rates, and mature at
different sizes.

Both groups (and
others) feed very
heavily of salmon

eggs in late summer.

Adult Dolly Varden

from spring-fed ponds
Pedro Bay village, and
from the lllamna River

Troy Jaecks,
ADF&G
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Tazimina Lake, above the waterfall, supports two ver vy distinct
forms of Arctic char, differing in color, size, shap e, and diet



19 inches = 48 cm

Pamela Woods’ 7 inches =18 cm

photos
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Conclusions

e Bristol Bay’s sockeye salmon populations are
exceptionally abundant, productive, and diverse In
habitat and life history

 They support fisheries and an entire ecosystem

 Their health depends on full use of diverse, high
guality habitats, and scientifically-based,
conservation-minded fisheries management

Habitat + fishery management = sustainabillity
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