Some Observations on Climate Effectson
Salmon Populations in Southeast Alaska
Based on Multi-decadal Monitoring
of Selected Populatlons and F|sher|es
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Berners River Total Return
(Sharp Decline from 1990-2004 to 2005-2012)
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Equal Decrease in Smolt Production and Marine Survival
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Smolt Production bottomed after record snowfall (2006-2007)

but recovered to near-average after 2012.
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d Photos: Neil Barten (top)
Kevin White (bottom)
Berners Bay
Spring 2007 & 2008




Berners River, March 25, 2016

Photo: Kevin White



Hypothesis: Winter-kKill

3 “pOSItlon
0xygen Uepletlon Mortallty

o

B in ice-covered lakes

LAME -
Josephson (1982) — Chilkat Pond Winter Coho Mortality
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Conclusion
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Residual (Temperature change not accounted for by the PDO)
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Pink Salmon
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Ford Arm Watershed -
Watershed hydrography and
RMIG mapped stream extent
Lakes
~.~—— All Watershed Streams

RMIG_Surveyed Stream extent
m Watershed Boundary

Massive Marine Nutrlent

Subsidy (560 metric tons/yr)
220 kg/hectare
43.6 metric tons per km of
anadromous stream/lake

Pink, Chum, Coho,
Sockeye, Steelhead

AE
Kilometers
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Extreme Coho and Steelhead Density

Adult Coho Salmon Return: average 8,500 (range 3,200-16,100)
Steelhead Peak Snorkel Count: 2004-2013"average 285 (range 99-673)
(highest average steelhead index count‘aﬂﬁd density in SE Alaska)



Khaz Bay Pink Salmon Catch, Ford Arm Cr. Escapement

(ysid 40 S,000°T) Yyored

S S o < =
— - - - i & S ) S
\‘

.lahwnunint;‘
"l"'l"""'l"
'-""""'

- a» a» 'Q
Q\“‘
1-I:I
-
P L
>
-
“"'
""'
N\
o -~
> ((b) oo :
(D) 0)p) ot
> b
e p— 'l -
) @ A
v _ ' m 8
5 «
Y O N o 3
S 3 c 2
O O C ® s
0O XO & K
"
i A g
h
- ¢
\
o o o £ i
o S S = S
Ty}

(s000‘T) Ssiumeds

GT0C
v10c

| €702

¢T0c

| TT0C
[ 0TOZ
6002

800¢
£00¢
900¢

| S00<Z
002
| €002
| ¢00¢

100¢

000¢

| 666T
| 866T

L6671

| 9661
| G66T
V66T

€661
¢661

| 7667
066T

6861
8861
L3861

| 9867

G861

| 786T
[ €861
) 2861

Photo: Ken Koolmo

Year



fag'Ken Koe

2%

.. .

[ R}

7

/’/4




&=

‘“‘-b - »\“' : e S
Photo Ken'keolmo~ | R oc!L

I
"a



iy

x
¥

T

y

I

I

t
> N O N
O

5
o o o o

[enpisay (S/d) Ul

0.6 1

.2
s

Increase in Freshwater Coho Production Capacity
(adjusted to constant average pre-smolt to adult survival)
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Wipfli et al. (2003) — controlled experiment

Age 0 coho growth as a function of pink salmon carcass density

Carcass Density vs Growth Pink Equivalents vs Coho Abundance

6000 . FOrd Arm Creek
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Wipfli, M.S., J.P Hudson, J.P. Caouette and D.T. Chaloner. 2003. Marine subsidies in freshwater ecosystems: salmon
carcasses increase the growth rates of stream-resident salmonids. Trans. Amer. Fish Soc. 132: 371-381.


http://www.arlis.org:2103/na101/home/literatum/publisher/tandf/journals/content/utaf20/2003/utaf20.v132.i02/1548-8659(2003)132<0371:msifes>2.0.co;2/production/images/large/utaf_a_10266045_o_f0002g.jpeg
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Mortality: All Species; Multi-Generational

\ SR, . Photo: Amy Hemenway
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Increased Purse Seine Coho Exploitation Rate, 2010-2014
(more intensive seining for pink salmon + earlier coho run timing)

»
o
S
S

-
@)
£
©
p)
o
<
O
O
IS
O
o
&
=
Z

Troll

=@Marine Sport
JPurse Seine
B Escapement
—Goal Bounds

Purse Seine
Harvest (Yellow)




ena




Southeast Alaska Salmon Size Trends
-- Flexible planktivores increasing >

~—=Obligate nektivores decreasing

Age .1 Pink & Coho

-

== Pink Salmon Weight
—Coho Spawner Length (4 stocks)
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Offshore Salmon Forage: -
Deereasing‘“Averagg Trophic Level

Zooplankton * Squid V
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Climate Hypothesis: Cooling North Pacific Climate

PDO Index
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Pink Salmon Hypothesis: Keystone Predator
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Why Divergent Size Trends?
TN WECT
Climate Hypothe5|s Control by North Pacific Climate
e Recent Cooler condltlons (1999-2013) favored growth of

erX|bIe plantlvores
E':\;;:Q , - Sqwd reduced recruitment (Shaul and Geiger In Press)
nkton:higher energy density (Chiba et al. 2015 & others)
favor species that eat less energy-rich
kton (pink & sockeye)

the5|s Control by Pink Salmon
tra guﬁd’predator on squid
. Redl age trophic level in a process similar to
»’frshmg down marine food webs” (Pauly et al. 1998)
-- Benefit if an increase in zooplankton more than offsets
the reduction in squid

Photos: Amy Hemenway



Offshore “Trophic Triangle”

(Aydin 2000) Pink Coho

Chum Chinook, Steelhead
Sockeye

/ \

Gelatinous || Crustaceous Squid
Zooplankton | [Zooplankton Fish
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Coho Salmon Weight

on Dressed)

(Troll-Caught, Head
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Photo: Amy Hemenway



Mimimal Armhook Squid: Berryteuthis anonychus

Primary Food of Coho Salmon in Offshore Waters
(Lebrasseur 1966; Pearcy et al. 1988; Davis 2003; Kaeriyama et al. 2004)

Abundant, Epipelagic, Calorie-Rich (pavis et al. 1998)

s 2-Year Life Cycle

»

Photo: Amy Hemenway



Troll Coho Weight Model (2 Variables:

[enpisay (63) 1ybrapn oyod

T
~~ o 1
@, I o
A S c 2 i
"R O [®) e
al _EZ S
'@ O o
& 5 7)) % o
L © - Lo
O .
7 “£e :
c 3 3
m r T o T T T T T w
O © © v 6 9 @ o % ®© © ¥ 8§ © ® 9 <
& (0] ™ o™ (40] (90) AN [q\] (9\] ™ m o o™ ™ (q\] N N
= (6%) wybram oyod (6%) b oyod
()
e
@
O 5
- >
@) O
N
- o
T ©
V) - 8661
I/rm 66T
al . - 066T
n
Imma % - 9861
L . mmme
nla % mu i
< % m - 8/61
.._m > ! m mﬁmﬁ
. ~ T [
o= =8 < Ao.o\oVV <
> = | o | [ 06T
D v o wvoa © < N o @ © <
(@] (@] nﬂ (401 (401 (90] (9p] o™ N (9\] N

PDO

Year



Coho Salmon Marine Survival vs Average Spawner Length
(mean-average length for males and females)

Berners River Auke Creek
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Berners River Coho Marine Survival and Modeled Survival
Based on Lagged Pink Salmon Biomass and PDO Index
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Female Survival: proportionately lower when growth is poor
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4-Ocean Troll Chinook and Coho Spawner Length
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——1.3 Sockeye Length

Pink and Sockeye Salmon Size

-=--1.2 Sockeye Length
—e—Pink Salmon Weight
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Pink & Coho Salmon may de.better_u ra:dér L. “»\
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= ~\}\

Conditions for growth andsurvwaLmay =
|mprove"’for some pqp(ﬂ,atfbns (and‘er
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Cllmate/change Wil Ilkely Intensify some. 5
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O Need torthink about both cyclicalgNorth
Pacific Climate (PDO) patterns and the
- overall warming trend

‘Need consistent Iong-te@n monitoring

N < 4
«f _ 4 /
- —
s V.




