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Proportion by age returning to Bristol Bay

(example: 1.2 means freshwater age-1 and ocean age-2)

Are changes in freshwater and ocean residence associated 
with climate warming and/or competition in the ocean?
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Changes in life-history characteristics
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9Evidence that interspecific competition contributes to longer ocean residence
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Sockeye salmon in Bristol Bay

Ohlberger et al. unpublished

Effects of competition and climate on size
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11Evidence for negative effect of competition and season-specific temperature effects
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Sockeye salmon in Bristol Bay
Effects of competition and climate on size

Changes in 
mean size

Changes in 
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Changes in 
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Shifts in size-at-age were the main contributor to changes in mean body size 
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14Size trends and effects of climate and competition vary by species
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17Evidence that extreme low flows during summer decrease freshwater productivity

Minimum river flow (May-October) Effect on productivity Estimated adult-to-smolt productivity
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�)"� 7�ubm]� |_;� �;-u� o=��bѴ7� f��;mbѴ;� o�|lb]u-|bomőķ� _-|1_;u�� u;Ŋ
leases of the same broodline (released in the year of wild juvenile 

o�|lb]u-|bomőķ� 1olr;|b|ou� -0�m7-m1;� bm� |_;� �o�� Ővo1h;�;� -m7�
1_�l�v-Ѵlom�=uol��o7b-h�|o�)-v_bm]|om�"|-|;őķ�1olr;|b|ou�-0�mŊ
7-m1;�bm�|_;��ou|_��-1b=b1��1;-m�Ővo1h;�;�-m7�1_�l�v-Ѵlom�=uol�
�vb-�-m7��ou|_��l;ub1-őķ�ruo�b;v�o=�o1;-m�-1b7b=b1-|bom�bm��)"ķ�|_;�
�o�ķ�-m7�|_;�v�0roѴ-u�]�u;�Őr��2ķ�r�ķ�����őķ�-m7�vrubm]�ou��bm|;u�
v;-�v�u=-1;�|;lr;u-|�u;�Ő""$ő�bm�|_;�;-v|;um�ou��;v|;um��o�ĺ�);�
also considered nonlinear effects of the biotic covariates (total run, 
_-|1_;u��u;Ѵ;-v;vķ�1olr;|b|ou�-0�m7-m1;ő�-m7�|;lr;u-|�u;�0�� bmŊ
cluding quadratic terms in addition to the linear effects. Time series 
�v;7�bm�|_;�v;Ѵ;1|;7�1o�-ub-|;�lo7;Ѵ�-u;�ru;v;m|;7�bm�
b]�u;�Ƒķ�-m7�
o|_;u�|bl;�v;ub;v�1omvb7;u;7�bm�|_;�lo7;Ѵ�v;Ѵ;1|bom�-u;�ru;v;m|;7�
in Figure S2.

);� -vv�l;7� |_-|� |_;� ;�;m� -m7� o77� rbmh� v-Ѵlom� 0uoo7Ѵbm;v�
�;u;�v;r-u-|;�ror�Ѵ-|bomv�-v� |_;��-u;�u;ruo7�1|b�;Ѵ�� bvoѴ-|;7�-m7�
];m;|b1-ѴѴ��7bv|bm1|�Ő�vrbm�-ѴѴķ�ƐƖƕƓĸ��;-1_-l�;|�-Ѵĺķ�ƑƏƐƑőķ��b|_�7b=Ŋ
=;u;m|�u;Ѵ-|bomv_brv�0;|�;;m�ror�Ѵ-|bom�ruo7�1|b�b|��-m7�vr-�m;u�
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PWS wild pink salmon productivity

measured as ln(recruits/spawner)

Are wild pink salmon impacted by 
climate warming, ocean acidification, 

and/or competition with hatchery pinks? 

Majority of pink salmon returns are natural-origin, except in PWS

Source: Ruggerone and Irvine 2018

Hatchery

Natural

Effects of climate and competition on wild pink salmon productivity

Pink salmon in PWS

Ohlberger et al. 2022
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1ouu;Ѵ-|bom�o=�ƏĺƖƑķ�
b]�u;�"Ɛőķ�-m7��vbm]�!b1h;u�u;vb7�-Ѵv�-v�-m�-ѴŊ
|;um-|b�;�l;|ub1�o=�ruo7�1|b�b|���o�Ѵ7��b;Ѵ7�vblbѴ-u�u;v�Ѵ|vĺ��;1-�v;�
1ouu;Ѵ-|b�;�v|-|bv|b1-Ѵ�-m-Ѵ�v;v�1-uu��|_;�ubvh�o=�b7;m|b=�bm]�vr�ubo�v�
1ouu;Ѵ-|bomvķ��;� Ѵblb|;7�o�u� =�ѴѴ�lo7;Ѵ� |o�omѴ�� bm1ourou-|;�1o�-ubŊ
-|;v� �b|_� _�ro|_;vb�;7�l;1_-mbvlv� |_-|� l-�� -==;1|� rbmh� v-Ѵlom�
]uo�|_�ou�v�u�b�-Ѵ�Ő$-0Ѵ;�Ɛőĺ��ѴѴ�1o�-ub-|;�|bl;�v;ub;v��;u;�v|-m7-u7Ŋ
ized to a mean of zero and one standard deviation for the analysis. 
�;m|;ubm]�;mv�u;v�|_-|�l-bm�;==;1|v�-u;�0boѴo]b1-ѴѴ��bm|;uru;|-0Ѵ;�bm�
|_;�ru;v;m1;�o=�bm|;u-1|bomv�ou�roѴ�molb-Ѵvķ�-m7�v|-m7-u7b�-|bom�o=�
1o�-ub-|;v�u;v�Ѵ|v�bm�v|-m7-u7b�;7�vѴor;v�|_-|�-u;�1olr-u-0Ѵ;��b|_bm�
-m7�0;|�;;m�lo7;Ѵv�Ő"1_b;Ѵ�;|_ķ�ƑƏƐƏőĺ

);�1omvb7;u;7�|_;�=oѴѴo�bm]�1om|bm�o�v�ru;7b1|ou��-ub-0Ѵ;v�bm�
-77b|bom�|o�vr-�m;u�-0�m7-m1;Ĺ�|o|-Ѵ�u�m�vb�;�o=�|_;�o|_;u�0uoo7Ŋ
Ѵbm;� bm� |_;� ru;�bo�v� �;-u� Ő�bѴ7� rѴ�v� _-|1_;u�� -7�Ѵ|v� u;|�umbm]� |o�
�)"� 7�ubm]� |_;� �;-u� o=��bѴ7� f��;mbѴ;� o�|lb]u-|bomőķ� _-|1_;u�� u;Ŋ
leases of the same broodline (released in the year of wild juvenile 

o�|lb]u-|bomőķ� 1olr;|b|ou� -0�m7-m1;� bm� |_;� �o�� Ővo1h;�;� -m7�
1_�l�v-Ѵlom�=uol��o7b-h�|o�)-v_bm]|om�"|-|;őķ�1olr;|b|ou�-0�mŊ
7-m1;�bm�|_;��ou|_��-1b=b1��1;-m�Ővo1h;�;�-m7�1_�l�v-Ѵlom�=uol�
�vb-�-m7��ou|_��l;ub1-őķ�ruo�b;v�o=�o1;-m�-1b7b=b1-|bom�bm��)"ķ�|_;�
�o�ķ�-m7�|_;�v�0roѴ-u�]�u;�Őr��2ķ�r�ķ�����őķ�-m7�vrubm]�ou��bm|;u�
v;-�v�u=-1;�|;lr;u-|�u;�Ő""$ő�bm�|_;�;-v|;um�ou��;v|;um��o�ĺ�);�
also considered nonlinear effects of the biotic covariates (total run, 
_-|1_;u��u;Ѵ;-v;vķ�1olr;|b|ou�-0�m7-m1;ő�-m7�|;lr;u-|�u;�0�� bmŊ
cluding quadratic terms in addition to the linear effects. Time series 
�v;7�bm�|_;�v;Ѵ;1|;7�1o�-ub-|;�lo7;Ѵ�-u;�ru;v;m|;7�bm�
b]�u;�Ƒķ�-m7�
o|_;u�|bl;�v;ub;v�1omvb7;u;7�bm�|_;�lo7;Ѵ�v;Ѵ;1|bom�-u;�ru;v;m|;7�
in Figure S2.

);� -vv�l;7� |_-|� |_;� ;�;m� -m7� o77� rbmh� v-Ѵlom� 0uoo7Ѵbm;v�
�;u;�v;r-u-|;�ror�Ѵ-|bomv�-v� |_;��-u;�u;ruo7�1|b�;Ѵ�� bvoѴ-|;7�-m7�
];m;|b1-ѴѴ��7bv|bm1|�Ő�vrbm�-ѴѴķ�ƐƖƕƓĸ��;-1_-l�;|�-Ѵĺķ�ƑƏƐƑőķ��b|_�7b=Ŋ
=;u;m|�u;Ѵ-|bomv_brv�0;|�;;m�ror�Ѵ-|bom�ruo7�1|b�b|��-m7�vr-�m;u�
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ѶՊ |ՊՊՍ OHLBERGER Et aL.

�bѴ7� u;|�um� bm� |_;�-0v;m1;�o=�_-|1_;u�� u;Ѵ;-v;vő� -u;�]u;-|;u��_;m�
�bѴ7�;v1-r;l;m|�bv�bm|;ul;7b-|;�|o�_b]_�Ő
b]�u;�ѵőĺ

ƓՊ |Պ	�"�&""���

);�=bm7�;�b7;m1;�|_-|�7;mvb|��7;r;m7;m1;�bm�rbmh�v-Ѵlom�bv�1-�v;7�
0��bm|u-vr;1b=b1�bm|;u-1|bomv�-|�|_;�u;]bom-Ѵ�v1-Ѵ;�-m7�|_-|�_-|1_;u��
u;Ѵ;-v;v�1-m�m;]-|b�;Ѵ��-==;1|�|_;�ruo7�1|b�b|��o=��bѴ7�ror�Ѵ-|bomvĺ�
);� -Ѵvo� =bm7� |_-|� |_;� ƐƖѶѶŋ�ƐƖѶƖ� o1;-m� u;]bl;� v_b=|� �-v� -vvo1bŊ
-|;7��b|_�1_-m];v�bm�|_;�|;lr;u-|�u;ŋ�ruo7�1|b�b|��u;Ѵ-|bomv_br�-m7�
-==;1|;7� |_;� v|u;m]|_� o=� 7;mvb|�� 7;r;m7;m1;� �b|_bm� rbmh� v-Ѵlom�
0uoo7Ѵbm;vĺ� ��u� u;v�Ѵ|v� v�]];v|� |_-|� 1Ѵbl-|;� -m7� 1olr;|b|bom� 1-m�
_-�;�momŊ�v|-|bom-u��-m7�bm|;u-1|b�;�;==;1|v�om�v-Ѵlom�-m7�|_-|�roŊ
tential adverse effects of large numbers of hatchery reared fish on 
�bѴ7�ror�Ѵ-|bomv�v_o�Ѵ7�0;�1omvb7;u;7�bm�v-Ѵlom�l-m-];l;m|ĺ

�-|1_;u�� u;Ѵ;-v;v�o=�rbmh� v-Ѵlom� bm��)"�_-�;� bm1u;-v;7�o�;u�
|bl;ķ�;vr;1b-ѴѴ��7�ubm]�|_;�ƐƖѶƏvķ�-m7�1�uu;m|Ѵ��-lo�m|�|o�~700 milŊ
lion fry annually such that returning hatchery fish now greatly outŊ
m�l0;u�u;|�umbm]��bѴ7�rbmh�v-Ѵlomĺ�)_bѴ;�|_;u;�bv�mo�;�b7;m1;�=ou�

-�vb]mb=b1-m|�bm1u;-v;�ou�7;1u;-v;�o=�rbmh�v-Ѵlom�_-|1_;u��ruo7�1Ŋ
|bom�bm�|_;�m;-u�=�|�u;ķ��;�ru;7b1|;7�|_;�;==;1|v�o=�_b]_;u�ou�Ѵo�;u�
_-|1_;u�� u;Ѵ;-v;v� om��bѴ7� rbmh� v-Ѵlom� ruo7�1|b�b|�� 0-v;7� om� o�u�
lo7;Ѵ�u;v�Ѵ|vĺ�);�;v|bl-|;�|_-|�|_;�ruo7�1|b�b|��o=��bѴ7�=bv_��o�Ѵ7�
0;�u;7�1;7�|o�-uo�m7�om;�u;1u�b|�r;u�vr-�m;u�Őu;rѴ-1;l;m|ő��m7;u�
-�;u-];��bѴ7�;v1-r;l;m|v�-m7�;m�buoml;m|-Ѵ�1om7b|bomvķ�b=�1�uu;m|�
_-|1_;u��u;Ѵ;-v;v��;u;�7o�0Ѵ;7ĺ��om�;uv;Ѵ�ķ�|_;�;�r;1|;7�u;1u�b|v�
r;u�vr-�m;u�o=��bѴ7�=bv_��o�Ѵ7� bm1u;-v;�0��-0o�|�ƔƏѷ�b=�_-|1_;u��
releases were halved to ~350 million annually (from 2.33 to 3.50 and 
=uol�Ƒĺѵƒ�|o�ƒĺƖѵ�u;1u�b|v�r;u�vr-�m;u�=ou�|_;�o77�-m7�;�;m�0uoo7Ŋ
Ѵbm;vķ�u;vr;1|b�;Ѵ�ķ�
b]�u;�Ɣőĺ

�u;�bo�v� �ouh� v�]];v|;7� |_-|� _-|1_;u�� ruo7�1|bom� 1om|ub0Ŋ
�|;7� |o� 7;1Ѵbmbm]� u�m� vb�;v� o=��bѴ7� rbmh� v-Ѵlom� bm� �)"� Ő�bѴ0oum�
& Eggers, 2000, 2001; but see Wertheimer et al., 2001; Shuntov 
;|�-Ѵĺķ�ƑƏƐƕőĺ��-|1_;u��=bv_�lov|�Ѵbh;Ѵ��u;7�1;�|_;�ruo7�1|b�b|��o=�
�bѴ7�ror�Ѵ-|bomv�7�;�|o�1olr;|b|bom�=ou�u;vo�u1;v�0;|�;;m�_-|1_Ŋ
ery and wild juveniles in nearshore marine habitats, which can 
m;]-|b�;Ѵ�� -==;1|� 0o7�� ]uo�|_� -m7� u;7�1;� v�u�b�-Ѵ� o=� �bѴ7� rbmh�
v-Ѵlomķ� 0;1-�v;� =-v|Ŋ�]uo�bm]� f��;mbѴ;v� ;�r;ub;m1;� _b]_;u� v�uŊ
�b�-Ѵ�u-|;v�Ő�uovv�;|�-Ѵĺķ�ƑƏƏѶķ�ƑƏƏƖĸ��ovv�;|�-Ѵĺķ�ƑƏƏƔőĺ��-|1_;u��


 ��&!� �ƒՊ�u;7b1|;7�r-u|b-Ѵ�;==;1|v�om��bѴ7�rbmh�v-Ѵlom�ruo7�1|b�b|�ĺ�"_o�m�-u;�;==;1|v�o=�Ő-ņ0ő�vr-�m;u�-0�m7-m1;�=ou�|_;�;�;mŊ��;-u�
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Sea surface temperatures in GoA Effect on productivity
ѶՊ |ՊՊՍ OHLBERGER Et aL.

�bѴ7� u;|�um� bm� |_;�-0v;m1;�o=�_-|1_;u�� u;Ѵ;-v;vő� -u;�]u;-|;u��_;m�
�bѴ7�;v1-r;l;m|�bv�bm|;ul;7b-|;�|o�_b]_�Ő
b]�u;�ѵőĺ

ƓՊ |Պ	�"�&""���

);�=bm7�;�b7;m1;�|_-|�7;mvb|��7;r;m7;m1;�bm�rbmh�v-Ѵlom�bv�1-�v;7�
0��bm|u-vr;1b=b1�bm|;u-1|bomv�-|�|_;�u;]bom-Ѵ�v1-Ѵ;�-m7�|_-|�_-|1_;u��
u;Ѵ;-v;v�1-m�m;]-|b�;Ѵ��-==;1|�|_;�ruo7�1|b�b|��o=��bѴ7�ror�Ѵ-|bomvĺ�
);� -Ѵvo� =bm7� |_-|� |_;� ƐƖѶѶŋ�ƐƖѶƖ� o1;-m� u;]bl;� v_b=|� �-v� -vvo1bŊ
-|;7��b|_�1_-m];v�bm�|_;�|;lr;u-|�u;ŋ�ruo7�1|b�b|��u;Ѵ-|bomv_br�-m7�
-==;1|;7� |_;� v|u;m]|_� o=� 7;mvb|�� 7;r;m7;m1;� �b|_bm� rbmh� v-Ѵlom�
0uoo7Ѵbm;vĺ� ��u� u;v�Ѵ|v� v�]];v|� |_-|� 1Ѵbl-|;� -m7� 1olr;|b|bom� 1-m�
_-�;�momŊ�v|-|bom-u��-m7�bm|;u-1|b�;�;==;1|v�om�v-Ѵlom�-m7�|_-|�roŊ
tential adverse effects of large numbers of hatchery reared fish on 
�bѴ7�ror�Ѵ-|bomv�v_o�Ѵ7�0;�1omvb7;u;7�bm�v-Ѵlom�l-m-];l;m|ĺ

�-|1_;u�� u;Ѵ;-v;v�o=�rbmh� v-Ѵlom� bm��)"�_-�;� bm1u;-v;7�o�;u�
|bl;ķ�;vr;1b-ѴѴ��7�ubm]�|_;�ƐƖѶƏvķ�-m7�1�uu;m|Ѵ��-lo�m|�|o�~700 milŊ
lion fry annually such that returning hatchery fish now greatly outŊ
m�l0;u�u;|�umbm]��bѴ7�rbmh�v-Ѵlomĺ�)_bѴ;�|_;u;�bv�mo�;�b7;m1;�=ou�

-�vb]mb=b1-m|�bm1u;-v;�ou�7;1u;-v;�o=�rbmh�v-Ѵlom�_-|1_;u��ruo7�1Ŋ
|bom�bm�|_;�m;-u�=�|�u;ķ��;�ru;7b1|;7�|_;�;==;1|v�o=�_b]_;u�ou�Ѵo�;u�
_-|1_;u�� u;Ѵ;-v;v� om��bѴ7� rbmh� v-Ѵlom� ruo7�1|b�b|�� 0-v;7� om� o�u�
lo7;Ѵ�u;v�Ѵ|vĺ�);�;v|bl-|;�|_-|�|_;�ruo7�1|b�b|��o=��bѴ7�=bv_��o�Ѵ7�
0;�u;7�1;7�|o�-uo�m7�om;�u;1u�b|�r;u�vr-�m;u�Őu;rѴ-1;l;m|ő��m7;u�
-�;u-];��bѴ7�;v1-r;l;m|v�-m7�;m�buoml;m|-Ѵ�1om7b|bomvķ�b=�1�uu;m|�
_-|1_;u��u;Ѵ;-v;v��;u;�7o�0Ѵ;7ĺ��om�;uv;Ѵ�ķ�|_;�;�r;1|;7�u;1u�b|v�
r;u�vr-�m;u�o=��bѴ7�=bv_��o�Ѵ7� bm1u;-v;�0��-0o�|�ƔƏѷ�b=�_-|1_;u��
releases were halved to ~350 million annually (from 2.33 to 3.50 and 
=uol�Ƒĺѵƒ�|o�ƒĺƖѵ�u;1u�b|v�r;u�vr-�m;u�=ou�|_;�o77�-m7�;�;m�0uoo7Ŋ
Ѵbm;vķ�u;vr;1|b�;Ѵ�ķ�
b]�u;�Ɣőĺ

�u;�bo�v� �ouh� v�]];v|;7� |_-|� _-|1_;u�� ruo7�1|bom� 1om|ub0Ŋ
�|;7� |o� 7;1Ѵbmbm]� u�m� vb�;v� o=��bѴ7� rbmh� v-Ѵlom� bm� �)"� Ő�bѴ0oum�
& Eggers, 2000, 2001; but see Wertheimer et al., 2001; Shuntov 
;|�-Ѵĺķ�ƑƏƐƕőĺ��-|1_;u��=bv_�lov|�Ѵbh;Ѵ��u;7�1;�|_;�ruo7�1|b�b|��o=�
�bѴ7�ror�Ѵ-|bomv�7�;�|o�1olr;|b|bom�=ou�u;vo�u1;v�0;|�;;m�_-|1_Ŋ
ery and wild juveniles in nearshore marine habitats, which can 
m;]-|b�;Ѵ�� -==;1|� 0o7�� ]uo�|_� -m7� u;7�1;� v�u�b�-Ѵ� o=� �bѴ7� rbmh�
v-Ѵlomķ� 0;1-�v;� =-v|Ŋ�]uo�bm]� f��;mbѴ;v� ;�r;ub;m1;� _b]_;u� v�uŊ
�b�-Ѵ�u-|;v�Ő�uovv�;|�-Ѵĺķ�ƑƏƏѶķ�ƑƏƏƖĸ��ovv�;|�-Ѵĺķ�ƑƏƏƔőĺ��-|1_;u��


 ��&!� �ƒՊ�u;7b1|;7�r-u|b-Ѵ�;==;1|v�om��bѴ7�rbmh�v-Ѵlom�ruo7�1|b�b|�ĺ�"_o�m�-u;�;==;1|v�o=�Ő-ņ0ő�vr-�m;u�-0�m7-m1;�=ou�|_;�;�;mŊ��;-u�
-m7�o77Ŋ��;-u�0uoo7Ѵbm;v�7�ubm]�|_;�ru;�bo�v�Ő0Ѵ�;ķ�7-v_;7�Ѵbm;ő�-m7�1�uu;m|�Őu;7ķ�voѴb7�Ѵbm;ő�o1;-m�ruo7�1|bom�u;]bl;ķ�Ő1ő�vrubm]�""$�bm�
|_;�;-v|;um��o��bm�|_;��;-u�o=�f��;mbѴ;�o�|lb]u-|bom�=ou�|_;�ru;�bo�v�Őu;7ő�-m7�1�uu;m|�Ő0Ѵ�;ő�o1;-m�u;]bl;ķ�Ő7ő�|o|-Ѵ�u�m�vb�;�o=��bѴ7�rѴ�v�
_-|1_;u��rbmh�v-Ѵlom�o=�|_;�o|_;u�Őru;�bo�v��;-uő�0uoo7Ѵbm;�|o��)"ķ�Ő;ő�_-|1_;u��u;Ѵ;-v;v�bm|o��)"�bm�|_;��;-u�o=�f��;mbѴ;�lb]u-|bomķ�-m7�
Ő=ő�-0�m7-m1;�o=�1olr;|b|ouv�Ő1_�l�-m7�vo1h;�;�v-Ѵlomő�bm�|_;��o��bm�|_;��;-u�o=�-7�Ѵ|�u;|�umĺ��oѴ�]omv�-u;�ƖƔѷ�1om=b7;m1;�bm|;u�-Ѵv�
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ՊՍՊ |ՊƔOHLBERGER Et aL.

1ouu;Ѵ-|bom�o=�ƏĺƖƑķ�
b]�u;�"Ɛőķ�-m7��vbm]�!b1h;u�u;vb7�-Ѵv�-v�-m�-ѴŊ
|;um-|b�;�l;|ub1�o=�ruo7�1|b�b|���o�Ѵ7��b;Ѵ7�vblbѴ-u�u;v�Ѵ|vĺ��;1-�v;�
1ouu;Ѵ-|b�;�v|-|bv|b1-Ѵ�-m-Ѵ�v;v�1-uu��|_;�ubvh�o=�b7;m|b=�bm]�vr�ubo�v�
1ouu;Ѵ-|bomvķ��;� Ѵblb|;7�o�u� =�ѴѴ�lo7;Ѵ� |o�omѴ�� bm1ourou-|;�1o�-ubŊ
-|;v� �b|_� _�ro|_;vb�;7�l;1_-mbvlv� |_-|� l-�� -==;1|� rbmh� v-Ѵlom�
]uo�|_�ou�v�u�b�-Ѵ�Ő$-0Ѵ;�Ɛőĺ��ѴѴ�1o�-ub-|;�|bl;�v;ub;v��;u;�v|-m7-u7Ŋ
ized to a mean of zero and one standard deviation for the analysis. 
�;m|;ubm]�;mv�u;v�|_-|�l-bm�;==;1|v�-u;�0boѴo]b1-ѴѴ��bm|;uru;|-0Ѵ;�bm�
|_;�ru;v;m1;�o=�bm|;u-1|bomv�ou�roѴ�molb-Ѵvķ�-m7�v|-m7-u7b�-|bom�o=�
1o�-ub-|;v�u;v�Ѵ|v�bm�v|-m7-u7b�;7�vѴor;v�|_-|�-u;�1olr-u-0Ѵ;��b|_bm�
-m7�0;|�;;m�lo7;Ѵv�Ő"1_b;Ѵ�;|_ķ�ƑƏƐƏőĺ

);�1omvb7;u;7�|_;�=oѴѴo�bm]�1om|bm�o�v�ru;7b1|ou��-ub-0Ѵ;v�bm�
-77b|bom�|o�vr-�m;u�-0�m7-m1;Ĺ�|o|-Ѵ�u�m�vb�;�o=�|_;�o|_;u�0uoo7Ŋ
Ѵbm;� bm� |_;� ru;�bo�v� �;-u� Ő�bѴ7� rѴ�v� _-|1_;u�� -7�Ѵ|v� u;|�umbm]� |o�
�)"� 7�ubm]� |_;� �;-u� o=��bѴ7� f��;mbѴ;� o�|lb]u-|bomőķ� _-|1_;u�� u;Ŋ
leases of the same broodline (released in the year of wild juvenile 

o�|lb]u-|bomőķ� 1olr;|b|ou� -0�m7-m1;� bm� |_;� �o�� Ővo1h;�;� -m7�
1_�l�v-Ѵlom�=uol��o7b-h�|o�)-v_bm]|om�"|-|;őķ�1olr;|b|ou�-0�mŊ
7-m1;�bm�|_;��ou|_��-1b=b1��1;-m�Ővo1h;�;�-m7�1_�l�v-Ѵlom�=uol�
�vb-�-m7��ou|_��l;ub1-őķ�ruo�b;v�o=�o1;-m�-1b7b=b1-|bom�bm��)"ķ�|_;�
�o�ķ�-m7�|_;�v�0roѴ-u�]�u;�Őr��2ķ�r�ķ�����őķ�-m7�vrubm]�ou��bm|;u�
v;-�v�u=-1;�|;lr;u-|�u;�Ő""$ő�bm�|_;�;-v|;um�ou��;v|;um��o�ĺ�);�
also considered nonlinear effects of the biotic covariates (total run, 
_-|1_;u��u;Ѵ;-v;vķ�1olr;|b|ou�-0�m7-m1;ő�-m7�|;lr;u-|�u;�0�� bmŊ
cluding quadratic terms in addition to the linear effects. Time series 
�v;7�bm�|_;�v;Ѵ;1|;7�1o�-ub-|;�lo7;Ѵ�-u;�ru;v;m|;7�bm�
b]�u;�Ƒķ�-m7�
o|_;u�|bl;�v;ub;v�1omvb7;u;7�bm�|_;�lo7;Ѵ�v;Ѵ;1|bom�-u;�ru;v;m|;7�
in Figure S2.

);� -vv�l;7� |_-|� |_;� ;�;m� -m7� o77� rbmh� v-Ѵlom� 0uoo7Ѵbm;v�
�;u;�v;r-u-|;�ror�Ѵ-|bomv�-v� |_;��-u;�u;ruo7�1|b�;Ѵ�� bvoѴ-|;7�-m7�
];m;|b1-ѴѴ��7bv|bm1|�Ő�vrbm�-ѴѴķ�ƐƖƕƓĸ��;-1_-l�;|�-Ѵĺķ�ƑƏƐƑőķ��b|_�7b=Ŋ
=;u;m|�u;Ѵ-|bomv_brv�0;|�;;m�ror�Ѵ-|bom�ruo7�1|b�b|��-m7�vr-�m;u�
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Hatchery releases of PWS pink salmon Effect on productivity

Pink salmon in PWS

Ohlberger et al. 2022

19Evidence for negative effects of hatchery production and non-stationary climate effects

Effects of climate and competition on wild pink salmon productivity



20Large-scale spatial variation in magnitude and direction of climate effects

Effects of SST on pink, chum, and sockeye salmon productivity (Mueter et al. 2002)

Pacific salmon coast-wide



Conclusions
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• Climate and competition affect population productivity but also life-history traits and demographic structure


• Salmon growth and survival at sea are impacted by competition within species and among species 


• Effects of climate change can vary by life-stage, season, latitude, species, and may be non-stationary 

Photo by Morgan Bond Photo by Fernando LessaPhoto by Jason ChingPhoto by Jason Ching Photo by Jason Ching
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Outlook

1. Limited inference about the ocean ecology of salmon


‣ How do we best manage based on incomplete information (e.g. correlations rather than process studies)?


‣ Are experimental manipulations at the basin-wide scale possible (e.g. changing hatchery production)?


2. Promoting climate resilience of salmon populations


‣ Which management strategies or conservation actions are most likely to promote the biological diversity of 
stocks, life-histories, genetics?


‣ Given climate change, where is recovery of at risk populations likely to be possible over the next few decades?


3. Monitoring and managing populations for ecosystem change


‣ How can we build flexible systems that can detect and respond to ongoing ecosystem changes?


4. Uncertainty in population models and future projections 


‣ How certain are projections for unobserved ecosystem states (e.g. extreme events, tipping points, non-linearities, 
‘no analogue’ futures)?


‣ What are the most robust strategies for assessing and managing populations given large knowledge gaps and 
limitations in predicting the future?

Challenges in salmon research, conservation, and management 


