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Bergmann’s rule
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Empirical evidence |

* Fish reared at lower temperatures grow to
a larger final size
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Rising temperature reduce growth of large fish



Growth increment (cm)

Pink salmon experiment
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Empirical evidence Il

o Optimal temperature for growth of fish
decreases with increasing body size
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Chum salmon in the North Pacific
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Empirical evidence Il

o Larger fish often inhabit deeper depths,
higher latitudes, or colder waters than
small fish

Warm Cold
>

Latitude or depth
Rising temperature may reduce habitat of large fish



Chum salmon in the North Pacific

65

® 2006 Spring
0T 2007 Summer

Body size (cm)
w w LN S o1 ol
o ol o o1 o o1
O
O
®
e
O
(
e
O

N
o1

1 2 3 4 S 6 7 8 9

(0]
Temperature ( C) (Morita et al. submitted)



Conseguence of rising temperature

* Rising temperature may reduce
—availlable thermal habitat of LARGE fish
—growth performance of LARGE fish
—maximum size L« of growth curve

» Examine trends in SST and condition
factor in the Bering Sea 1973-2007

» Simulate the potential influence of
decreasing maximum size



SST and condition factor of chum salmon In
the Bering Sea 1973-2007
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SST vs. condition factor 1973-2007
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Residual of condition factor
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How populations respond?

o Simulate the potential modification of age
and size at maturity, spawning stock
biomass In response to reducing
maximum size.

e Size-structured model with age- and size-
specific maturation rates P (Morita et al.
2005 CJAFS).

Niy = e_Mg(Nt - PNt)

\\ Transition matrix = f (L)



Simulation results

Change in L BaiiCS\éa(ilrjne -5% -10%
Age at maturity 4.0yr 4.2yr 4.5yr
Size at maturity 68cm 65Ccm 62cm
Spawr_ﬂng stock 100% 3504 7204

biomass




Conclusions

e Rising temperature reduce growth
performance of LARGE fish.

* Rising temperature could decrease
maximum size L« (cf. Bergmann’s rule ).

* Decreasing L« led to a decrease In size at
maturity, increase in age at maturity, and
decrease in SSB.



We hope cold years...




Condition factor

CPUE, SST, and condition factor
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Bering Sea temperature

(Berihg Sea Ecbsystém, |d48 figure 3.11)i
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Temperature vs. L

(Data from Jennings and Beverton 1991)
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