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Outlines

. Current status of Chinese marine fisheries

. Modeling the response of marine fishery resources to
climate change and fishing

. Summary & outlook: Management responses to climate
change



Northwest Pacific under multiple pressures
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After the 1990s, global capture fisheries were at a plateau relative to the rapid increase
in aquaculture production. China contributes more than 60% of aquaculture production.



China's marine fisheries face a crisis under over-exploitation
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Climate change effect on the ecosystem structure
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Increases in both pelagic fish such as anchovy and
MTC indicate that climate change is having a
significant impact on the fish community in China
Seas under over-exploitation.

22

18
1

Mean Trophic Level (MTL) of Catch
e i T F

Y-y
Yellow Sea

PN ER 2
Decrease in largs
size fishes

>l

2000

W

1960 1970 1980 1990 2010

Mean Temperature of the Catch (MTC)

SR E ' N
= Bk RS

YellowSea  |ncreasing warm-wate

77| | yguggmspecies

1970

260 1980 1990 2000 2010

Ma et al., 2019. PiO



Primary fishing gear in China's marine fisheries

Trawl gillnet and set net are major fishing methods in China Seas
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The fisheries management in China Sea is complicated |
by multi-fishery types and multiple target species. Set net = B
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Outlines

2. Modeling the response of marine fishery resources to
climate change and fishing



Different process, different scale, different driver, different approach
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Larvae transport model: Climate variability determines anchovy recruitment ===
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Prey-Predator SDM model for JS-mackerel
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species, well reflected
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migration of Japanese

Spanish mackerel.



g 1200 122°  124° 126° 118 120°  122° 124° 126° 118%  120°  122° 1247 126°

° 126° g 1200 122 124° 126 118°  120°  122° 124 126° HE 1200 122° 124 126°

- m HSI wiiiipe(
0 0.5 1 <

Liuetal., 2022. Deep Sea Research Part II

Historical change 025 05 019
-4 TISI -e-Caich -®Area
The suitable habitat area . Ta
=1
and HSI showed a oz e
. g o= S

decreasing tendency during = =

2009-2020, is similar to 7 oz ke T oo
. E 3
the trend 1n the catch. 3 S

s 0.21 0.1 0.06

0.2 0 0.03

2010 2012 2014 2016 2018 2020
Year

Future warming

18> 1200 122> 124° 126* 1181200 122° 124° 126° 18 1200 122° 124 126° 18 120 122°  124° 1267 118° 1200 122° 124 126°

1E* 120° 122°  124° 126° 18 1200 122 124° 126 18 1200 122° 124° 126° s 1200 122 124° 126° 118 120°  122°  124°  126°

T -IHSI g

0 0.5

In the future, the suitable habitat of Japanese Spanish mackerel
is projected to decrease by 21%, 28%, 36%, and 42%  °

it

Area (million km?)



FIE (Fishing-Induced Evolution): Long-term fishing effect

Small mesh size

Small size fish escape

Larger mesh size

» Fishing tends to target larger fish, leaving smaller ones behind. Long-term selective fishing
can lead to changes in fish populations, such as reduced size and earlier maturation. If these
alterations become irreversible, it 1s termed fishing-induced evolution—FIE, which has a

significant impact on both population dynamics and ecosystem structure. .



F1E: An individual-based eco-genetic modeling approach
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FIE : an individual-based eco-genetic modeling approach
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OSMOSE-YS: OSMOSE (Object-oriented Simulator of Marine Ecosystems)
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Fisheries management Balance Harvest (BH) Strategy

| P

Balanced harvest (BH)

B Abundance

R

(Zhou et al., 2019 PNAS)

> HIFh7K 3 species-level (sBH) Objectives of Balance Harvest

) ) Minimize the impact of fishing operations on marine
/\ \ LY - _
> $IFANME K INIKFE species- and size—level (ssBH) ecosystem structure

Achieve sustainable high productivity

Balanced harvest (BH) proposes moderate fishing mortality rates across all species or sizes in
proportion to productivity, serving as a possible strategy for ecosystem-based fisheries management.3 :



How to achieve balance harvest (BH) ?
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Outlines

3. Summary & outlook: Management responses to climate
change



Impacts of historical warming on marine fisheries production

Historical changes of temperature- Percent change in mean MSY between the
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The impact of historical SST warming on MSY of 235 fish populations varies. Changes in MSY in
the 2010s compared to the 1930s varied considerably between ecoregions. Significant reductions in
MSY were observed in both the Northwest Pacific and Northeast Atlantic ecoregions (effects of
increasing SST and fishing?) 20



Global fisheries risk assessments

‘Future Projection of Climate Risk
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Climate risks to fishing species and fisheries in the China Seas
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A climate risk e;ssessment framework is used to assess risks to species and fisheries. Future warming would degrade
the habitats of most fishing species in China. Risks on fisheries are heterogeneous considering hazard, exposure and

vulnerability. Climate adaptation strategies need to be tailored considering provincial realities. Ma et al. 2023 STOTEN



Toward EBFM: considering the FIE and climate impacts

» Ecosystem-based fishery management
(EBFM) aims to sustainably manage the
marine fisheries.

» It complements and builds off-of
traditional single species fishery
management. This approach considers
social, economic, and ecological trade-
offs across multiple fisheries and
habitats.

» Making decisions depends on access to
reliable, accurate, and actionable
ecological, social, and economic
information, tools, approaches, and
models.

Fisheries management: from Single Species to Ecosystem Based
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Summary

Changes in the characteristics of fish stocks in the China Seas demonstrate the effects of overfishing and FIE,

while the impact of climate change on the structure of fish communities is also significant.

Modelling approaches are useful for investigating the response to fishing (FIE) and climate change at levels

ranging from the early stages of life history and species distribution to the ecosystem level.

Climate warming benefits pelagic fish. The recovery rate differs significantly between pelagic and demersal

species, with reduced fishing pressure being more conducive to the recovery of demersal fish.

The responses of individual species, fish communities and ecosystems in the China Seas to climate change and

fishing are non-linear and species-specific, posing a challenge to fisheries management.

Stock assessment and ecosystem-based fisheries management (EBFM) must consider the impact of climate

change; fisheries in coastal nations are particularly vulnerable to future climate change.

24
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