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Climate Impacts on Marine Fishes

• Typically two issues:
• Changes in species abundance / community composition

• Food Availability

• Larval Transport (advection)

• Temperature

• Predators

• Changes in spatial distribution

But how does this effect management, and how we do business?



Outline

• Overview of objectives / And Eg. resolutions in tRFMO’s.

• Reference Points and current management approach

• Alternatively rethinking what we are managing for.

• Quantifying risks based on current understanding of the dynamics.

• Presenting a MSE framework and case studies to address this.
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Objectives of management measures under each 
Kobe quadrant according to [e.g. Rec 13-10]

Harvest Control Rules (HCR) -Objectives



F target

B threshold

B lim

HIGH probability

SHORT period

[0.7, 0.75, 0.8, 0.85, 0.9 and 1] x FMSY

[0.6, 0.8 and 1] x BMSY

0.4BMSY

IPCC: 80%
Canada: 75%
MSC: 70%-80%

USA: 10 years or 1.5 generations
Australia: 10 years + 1 generation
MSC: 2 generations

Harvest Control Rules (HCR) 



Limits and Targets

• Based on MSY Targets

• Implicit assumptions on h and σr 

• But how does this change with climate?



The Dilemma of Low Spawning Biomass

Spawning Biomass have been low for few years:

Are these low Sp Biomass due to a passing weakness in year class strengths, 
and no additional action should be taken?

Or

Is this the start of overfishing, and additional action is warranted?
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Even with recruitment overfishing, escapements

are ABOVE "E" in 32% of calendar years.

Spawning Biomass

Objective: Probability that spawning biomass 
level is kept above E with 90% probability

Even with recruitment overfishing stock is above 
threshold/limit 32% of the time



Evaluation Albacore Like Stock NAO



Albacore Life History





Composite sel from MFAN (black) and used selectivity (blue)



Depends on f, h and selectivity
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Spawning Biomass

Climate change effects on Growth & Viability 

Baseline Conditions M & Growth decline
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Oregon Coast Coho









Control rules in salmon management



FMP Guidelines developed

OCN managed under ESA consultation standards. Amendment 13 (PFMC 
1999) established a recovery and rebuilding plan for OCN coho which:

(1) defines individual management criteria for four separate stock 
components, 

(2) sets overall harvest exploitation rate targets for OCN coho that 
significantly limit the impact of fisheries on the recovery of depressed 
stock components, 

(3) promotes stock rebuilding while allowing limited harvest of other 
abundant salmon stocks during critical rebuilding periods, 

(4) is consistent with the Oregon State recovery plan, and 

(5) has been adopted by NMFS as a consultation standard for OCN coho. 



So what is the
 rule exactly?

Max ER range 

from <10% - 35% 



Modified in
 2012-13
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Use of environmental indices to predict the recruitment of Pacific 
sardine

Juan P. Zwolinski1,2, David A. Demer2

1Institute of  Marine Sciences, University of  California Santa Cruz, affiliated to the Fisheries Resources Division, 
Southwest Fisheries Science Center, National Marine Fisheries Service, National Oceanic and Atmospheric 

Administration

2Southwest Fisheries Science Center, National Marine Fisheries Service, National Oceanic and Atmospheric 
Administration, 8901 La Jolla Shores Drive, La Jolla, CA, USA, 92037 

This presentation does not necessarily reflect the official views or policies of the National Marine Fisheries Service, 
the National Oceanic and Atmospheric Administration, the Department of Commerce, or the Administration



Is there a S-R relationship for Pacific sardine?
 

2010: Yes.

2011: Probably.

2016: Definitely not!

2017: I guess so…

It’s schizophrenic 

Invariably, post-hoc analyses found a solid S-R model 

when environment was taken into consideration

The confidence on these models was such that the 

environment became part of  the harvest control rule.

Steepness was fixed at 0.8
Steepness was estimated at 0.36



Environmental dependence of  Pacific sardine
 

Sardine recruitment is primarily driven by biomass, 

and it’s further modulated by temperature (Jacobson 

and MacCall, 1995)

Sardine surplus production increases with increasing 

temperature

Exploitation rate of  the stock could be based on 

temperature measured at the Scripps pier in La 

Jolla

HG = (Biomass – Cutoff)*Fraction*Distribution

 and

Fraction = 0.248649805*SST^2+-8.19004957*SST+ 67.4558326

(bounded between 5% and 15%)

Stock-recruitment feeds here

•17.2 C

•16.5 C

SST



Testing environmental dependence for the 
northern subpopulation – Results 3



Conclusions 
•There seems to be a stock-recruitment relationship that is modulated by the environment

•CalCOFI SST does not inform sardine recruitment

•Contamination from the southern stock to the northern stock assessment might have been 

stronger in higher temperatures, providing the illusion of  local recruitment

•PDOcombined continues to inform recruitment (although with lower r2 than before)

•It explains year to year variability of  sardine

•It explains decadal variability

This presentation does not necessarily reflect the official views or policies of the National Marine Fisheries Service, 
the National Oceanic and Atmospheric Administration, the Department of Commerce, or the Administration



Éva Plaganyi 
With particular thanks to Mick Haywood, Bec Gorton, Nicole Murphy, Trevor 
Hutton, Sean Pascoe, Russ Babcock (CSIRO) 
Jacob Rogers (UQ), Margaret Siple (UW)

Recruitment: theory, estimation and application in fishery stock assessment models
CAPAM, 30 Oct – 3 Nov 2017, Miami

CSIRO Oceans and Atmosphere 

Management implications of modelling recruitment : Eva 
Plaganyi et. al. (in progress)



37 |

( )
( )

2
( 2), , 1

, , 1

, , 1

y R

sp

p p y s

p y s sp

p p y s

B
R e

B

 



−−

+

−

=
+

Residuals a function of quarter 
one rainfall deviations 

Banana prawns:

y = 2856.8x - 90.142
R² = 0.5415

0

2000

4000

6000

8000

10000

12000

14000

0 0.5 1 1.5 2 2.5 3 3.5

Relationship between banana prawns 
and rainfall in 1st quarter

Incorporating environmental driver: 

Common banana prawns – rainfall as a driver
Northern Prawn 

Fishery (NPF) 
fishery



0.00E+00

1.00E+03

2.00E+03

3.00E+03

4.00E+03

5.00E+03

0

200

400

600

800

1000

1200

1
9

8
0

1
9

8
1

1
9

8
2

1
9

8
3

1
9

8
4

1
9

8
5

1
9

8
6

1
9

8
7

1
9

8
8

1
9

8
9

1
9

9
0

1
9

9
1

1
9

9
2

1
9

9
3

1
9

9
4

1
9

9
5

1
9

9
6

1
9

9
7

1
9

9
8

1
9

9
9

2
0

0
0

2
0

0
1

2
0

0
2

2
0

0
3

2
0

0
4

2
0

0
5

2
0

0
6

2
0

0
7

2
0

0
8

2
0

0
9

2
0

1
0

2
0

1
1

2
0

1
2

2
0

1
3

2
0

1
4

2
0

1
5

2
0

1
6

S
p

a
w

n
in

g
 b

io
m

a
s
s
 (

t)

C
a
tc

h
 (

t)

Catch

Bsp

BMSY

38 |

Joseph Bonaparte Gulf (JBG), reported anomalously 
low catches of red-legged banana prawns in 2015 
and 2016

Too few data to reliably update stock assessment model and 
obtain forecast TAE
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Source: http://www.metoffice.gov.uk/hadobs/hadisst/data/download.html
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Southern Oscillation Index (SOI) in January 
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Sustained positive values of the SOI above +7 typically indicate La Niña while sustained 
negative values below −7 typically indicate El Niño. Values between about +7 and −7 
generally indicate neutral conditions
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y = 0.0004x2 + 0.0243x + 0.6713
R² = 0.2267
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Understanding and predicting inter-annual 
variability in recruitment and catches

• Useful to have a heads up if predicting very bad year

• But we know that red-legged fishing effort in this 
multispecies fishery also depends on performance 
relative to fishing the other species and economic 
considerations

• Hence need to understand other drivers of low vs high 
Effort in the JBG to correctly attribute reasons for poor 
or good catches - compare the revenue per unit effort 
in different regions

• Revising harvest strategy to include rules based on 
environmental and economic conditions

CAPAM 2017 keynote  |  Eva Plaganyi 43 |

In prep with Pascoe, Hutton, Lawrence, Deng, Punt, Moeseneder, Miller, Upston



Some conclusions

• MSE and climate scenarios. Use of dynamic vs static reference points

• M&E to assess changes through routine examination 

• Use the Precautionary Principle and don’t pretend its business as 
usual. Act/err on the side of caution.

• Finally, its not all bad- as there are some winners that do better with 
these changes.
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